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SEMICONDUCTOR MEMORY DEVICES 

 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001]   This patent application claims priority to Korean Patent Application No. 10-

2018-0058523, filed on May 23, 2018, and U.S. Provisional Patent Application 62/629,335, 

filed on February 12, 2018, the entire contents of which are hereby incorporated by 

reference. 

 

TECHNICAL FIELD 

[0002]   The present disclosure generally relates to a semiconductor device, and more 

particularly, to a highly-integrated three-dimensional semiconductor memory device. 

 

BACKGROUND 

[0003]   Higher integration of semiconductor devices may be beneficial to meet 

consumer demand for superior performance and lower price.  In the case of two-dimensional 

or planar semiconductor devices, since a level of integration may be determined by the area 

occupied by a unit memory cell, a level of integration may depend on patterning technologies.  

To form fine patterns, expensive process equipment may be used and thus increasing a level 

of integration for two-dimensional or planar semiconductor devices may be limited.  To 

further increase a level of integration of semiconductor devices, three-dimensional 

semiconductor memory devices have been suggested. 

 

SUMMARY 

[0004]   Some embodiments of the inventive concept provide a three-dimensional 

semiconductor memory device with a high integration density. 

[0005]   According to some embodiments of the inventive concept, semiconductor 

memory devices may include first and second interconnection lines on a substrate and first 

and second stacks between the substrate and the first and second interconnection lines. Each 

of the first and second stacks may include a plurality of semiconductor patterns vertically 

stacked on the substrate, a plurality of conductive lines connected to the plurality of 

semiconductor patterns, respectively, and a gate electrode that is adjacent to the plurality of 

semiconductor patterns and may extend in a vertical direction. Each of the plurality of 

conductive lines may extend in a first horizontal direction. The plurality of conductive lines 
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of the first stack may include a first conductive line, and the plurality of conductive lines of 

the second stack may include a second conductive line, and a lower surface of the first 

conductive line may be at a level equal to a level of a lower surface of the second conductive 

line. The first interconnection line may be electrically connected to at least one of the first 

and second conductive lines. The gate electrode of the first stack may include a first gate 

electrode, the gate electrode of the second stack may include a second gate electrode, and the 

second interconnection line may be electrically connected to at least one of the first and 

second gate electrodes. 

[0006]   According to some embodiments of the inventive concept, semiconductor 

memory devices may include a substrate including a cell region and a contact region and a 

plurality of semiconductor patterns vertically stacked on the cell region. Each of the plurality 

of semiconductor patterns may include a first impurity region, a second impurity region, and 

a channel region between the first and second impurity regions. The semiconductor memory 

devices may also include a plurality of first conductive lines horizontally extending from the 

cell region onto the contact region, a plurality of capacitors, and a plurality of contacts 

contacting the plurality of first conductive lines, respectively, on the contact region. Each of 

the plurality of first conductive lines may be connected to a respective one of the first 

impurity regions of the plurality of semiconductor patterns. Each of the plurality of capacitors 

may be connected to a respective one of the second impurity regions of the plurality of 

semiconductor patterns. The plurality of contacts may include a first contact and a second 

contact that is closer to the cell region than the first contact, and a level of a bottom surface of 

the second contact is higher than a level of a bottom surface of the first contact. 

[0007]   According to some embodiments of the inventive concept, semiconductor 

memory devices may include a substrate including a cell region and a contact region, a first 

stack and a second stack on the substrate, and a first interconnection line and a second 

interconnection line on the first and second stacks. The first interconnection line may extend 

in a first horizontal direction that is parallel to a top surface of the substrate. The second 

interconnection line may extend in a second horizontal direction that crosses the first 

horizontal direction and is parallel to the top surface of the substrate. Each of the first and 

second stacks may include a plurality of memory cell transistors three-dimensionally 

arranged on the substrate, a bit line connected to first ones of the plurality of memory cell 

transistors, which are spaced apart from each other in the first horizontal direction, and a 

word line connected to second ones of the plurality of memory cell transistors, which are 
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spaced apart from each other in a vertical direction that is perpendicular to the top surface of 

the substrate. The bit line of the first stack may include a first bit line, the bit line of the 

second stack may include a second bit line, and wherein, on the contact region, the first 

interconnection line may be electrically connected to at least one of the first and second bit 

lines. The word line of the first stack may include a first word line, the word line of the 

second stack may include a second word line, and wherein, on the cell region, the second 

interconnection line may be electrically connected to at least one of the first and second word 

lines. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008]   Example embodiments will be more clearly understood from the following 

brief description taken in conjunction with the accompanying drawings. The accompanying 

drawings represent non-limiting, example embodiments as described herein. 

[0009]   FIG. 1 is a circuit diagram schematically illustrating a cell array of a three-

dimensional semiconductor memory device according to an embodiment of the inventive 

concept. 

[0010]   FIG. 2 is a perspective view illustrating a three-dimensional semiconductor 

memory device according to an embodiment of the inventive concept. 

[0011]   FIGS. 3A, 3B, and 3C are cross-sectional views taken along lines A-A', B-B', 

and C-C', respectively, of FIG. 2. 

[0012]   FIG. 3D is an enlarged cross-sectional view of a region ‘M’ of FIG. 3A. 

[0013]   FIG. 4 is a cross-sectional view of a three-dimensional semiconductor memory 

device according to an embodiment of the inventive concept, taken along line A-A' of FIG. 2. 

[0014]   FIG. 5 is a perspective view illustrating a three-dimensional semiconductor 

memory device according to an embodiment of the inventive concept. 

[0015]   FIG. 6A is a cross-sectional view taken along lines A-A' and B-B' of FIG. 5. 

[0016]   FIG. 6B is a cross-sectional view taken along line C-C' of FIG. 5. 

[0017]   FIG. 7A is a cross-sectional view taken along the lines A-A' and B-B' of FIG. 

5. 

[0018]   FIG. 7B is a cross-sectional view taken along the line C-C' of FIG. 5. 

[0019]   FIG. 8A is a cross-sectional view taken along the lines A-A' and B-B' of FIG. 

5. 

[0020]   FIG. 8B is a cross-sectional view taken along the line C-C' of FIG. 5. 
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[0021]   FIG. 9 is a cross-sectional view taken along the line C-C' of FIG. 5. 

[0022]   FIG. 10 is a cross-sectional view taken along the lines A-A' and B-B' of FIG. 5. 

[0023]   FIG. 11 is a perspective view illustrating a three-dimensional semiconductor 

memory device according to an embodiment of the inventive concept. 

[0024]   FIG. 12 is a cross-sectional view taken along a line A-A' of FIG. 5. 

[0025]   FIG. 13 is a perspective view illustrating a three-dimensional semiconductor 

memory device according to an embodiment of the inventive concept. 

[0026]   FIG. 14 is a perspective view illustrating a three-dimensional semiconductor 

memory device according to an embodiment of the inventive concept. 

[0027]   FIG. 15 is a perspective view illustrating a three-dimensional semiconductor 

memory device according to an embodiment of the inventive concept. 

[0028]   FIG. 16 is a cross-sectional view taken along a line A-A' of FIG. 15. 

[0029]   FIG. 17 is a perspective view illustrating a three-dimensional semiconductor 

memory device according to an embodiment of the inventive concept. 

[0030]   FIG. 18 is a cross-sectional view taken along lines A-A' and B-B' of FIG. 17. 

[0031]   It should be noted that these figures are intended to illustrate the general 

characteristics of methods and structures.  These drawings are not, however, to scale and may 

not precisely reflect the precise structural characteristics of any given embodiment, and 

should not be interpreted as defining or limiting example embodiments.  For example, the 

relative thicknesses and positioning of layers, regions and/or structural elements may be 

reduced or exaggerated for clarity.  The use of similar or identical reference numbers in the 

various drawings is intended to indicate the presence of a similar or identical element or 

feature. 

 

DETAILED DESCRIPTION 

[0032]   FIG. 1 is a circuit diagram schematically illustrating a cell array of a three-

dimensional semiconductor memory device according to an embodiment of the inventive 

concept. 

[0033]   Referring to FIG. 1, a cell array of a three-dimensional semiconductor 

memory device according to an embodiment of the inventive concept may include a plurality 

of sub-cell arrays SCA.  The sub-cell arrays SCA may be arranged in a second direction D2. 

In some embodiments, the sub-cell arrays SCA may be spaced apart from each other in the 

second direction D2. 
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[0034]   Each of the sub-cell arrays SCA may include a plurality of bit lines BL, a 

plurality of word lines WL, and a plurality of memory cell transistors MCT.  Each of the 

memory cell transistors MCT may be placed between a corresponding one of the word lines 

WL and a corresponding one of the bit lines BL. Although FIG.1 shows that each of the sub-

cell arrays SCA includes three word lines WL and three bit lines BL, it will be understand 

that each of the sub-cell arrays SCA can include more word lines WL and bit lines BL. 

[0035]   The bit lines BL may be conductive patterns (e.g., metal lines), which are 

spaced apart from, or stacked on, a substrate.  The bit lines BL may be extended in a first 

direction D1.  The bit lines BL in each of the sub-cell arrays SCA may be spaced apart from 

each other in a vertical direction (e.g., a third direction D3).  

[0036]   The word lines WL may be conductive patterns (e.g., metal lines) extending 

from the substrate in the vertical direction (e.g., in the third direction D3).  The word lines 

WL in each of the sub-cell arrays SCA may be spaced apart from each other in the first 

direction D1. 

[0037]   A gate electrode of the memory cell transistor MCT may be connected to the 

word line WL, and a source electrode of the memory cell transistor MCT may be connected 

to the bit line BL.  Each of the memory cell transistors MCT may include a data storing 

element DS.  For example, the data storing element DS may be a capacitor, and a drain 

electrode of the memory cell transistor MCT may be connected to a first electrode of the 

capacitor.  A second electrode of the capacitor may be connected to a ground line PP. 

[0038]   FIG. 2 is a perspective view illustrating a three-dimensional semiconductor 

memory device according to an embodiment of the inventive concept.  FIGS. 3A, 3B, and 3C 

are cross-sectional views taken along lines A-A', B-B', and C-C', respectively, of FIG. 2.  FIG. 

3D is an enlarged cross-sectional view of a region ‘M’ of FIG. 3A. 

[0039]   Referring to FIGS. 1, 2, and 3A to 3D, a substrate 100 including a cell region 

CAR and a contact region CTR may be provided.  A first interlayered insulating layer ILD1 

may be provided on the substrate 100.  The substrate 100 may be, for example, a silicon 

wafer, a germanium wafer, or a silicon-germanium wafer. 

[0040]   First to fourth stacks SS1, SS2, SS3, and SS4 may be provided on the 

substrate 100.  The first to fourth stacks SS1-SS4 may be vertically spaced apart from the 

substrate 100 with the first interlayered insulating layer ILD1 interposed therebetween.  In 

some embodiments, the first to fourth stacks SS1-SS4 may extend in the first direction D1 

and may be parallel to each other, as illustrated in FIG. 2. In some embodiments, each of the 
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first to fourth stacks SS1-SS4 may extend longitudinally in the first direction D1. The first to 

fourth stacks SS1-SS4 may be arranged in the second direction D2 and thus may be spaced 

apart from each other in the second direction D2.  Each of the first to fourth stacks SS1-SS4 

may include the sub-cell array SCA previously described with reference to FIG. 1. 

[0041]   Each of the first to fourth stacks SS1-SS4 may include semiconductor patterns 

SP and insulating layers IL, which are alternatingly stacked on the first interlayered insulating 

layer ILD1.  In each of the first to fourth stacks SS1-SS4, the semiconductor patterns SP may 

be vertically spaced apart from each other by the insulating layers IL.  Each of the insulating 

layers IL may be interposed between each vertically adjacent pair of the semiconductor 

patterns SP.  The insulating layers IL may be formed of or include at least one of silicon 

oxide, silicon nitride, silicon oxynitride, carbon-containing silicon oxide, carbon-containing 

silicon nitride, or carbon-containing silicon oxynitride. 

[0042]   In some embodiments, each of the semiconductor patterns SP may be a line-

shaped, bar-shaped, or pillar-shaped pattern extending in the second direction D2, as 

illustrated in FIG. 2.  Each of the semiconductor patterns SP may extend longitudinally in the 

second direction D2, as illustrated in FIG. 2.  In some embodiments, the semiconductor 

patterns SP may be formed of or include at least one of silicon, germanium, silicon-

germanium, or indium gallium zinc oxide (IGZO).  Each of the semiconductor patterns SP 

may include a first impurity region SD1, a second impurity region SD2, and a channel region 

CH. 

[0043]   The channel region CH may be provided between the first and second 

impurity regions SD1 and SD2.  The first and second impurity regions SD1 and SD2 may be 

doped to have a first conductivity type (e.g., an n-type).  The channel region CH may be 

undoped or may be doped to have a second conductivity type (e.g., a p-type) different from 

the first conductivity type. 

[0044]   The channel region CH may correspond to the channel region of the memory 

cell transistor MCT of FIG. 1.  The first and second impurity regions SD1 and SD2 may 

correspond to the source and drain electrodes, respectively, of the memory cell transistor 

MCT of FIG. 1. 

[0045]   The semiconductor patterns SP may be provided on the cell region CAR of the 

substrate 100.  Each of the first to fourth stacks SS1-SS4 may include first to fourth rows R1, 

R2, R3, and R4 of the semiconductor patterns SP.  Each of the first to fourth rows R1-R4 

may include the semiconductor patterns SP, which are vertically stacked to be overlapped 
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with each other.  Although each of the first to fourth rows R1-R4 is illustrated to have six 

vertically-stacked semiconductor patterns SP, the inventive concept is not limited to this 

example.  It will be understood that each of the first to fourth rows R1-R4 can include more 

than six vertically-stacked semiconductor patterns SP. The first to fourth rows R1-R4 may be 

spaced apart from each other in the first direction D1. 

[0046]   Each of the first to fourth stacks SS1-SS4 may further include first conductive 

lines CL1, which are vertically stacked on the substrate 100.  In each of the first to fourth 

stacks SS1-SS4, the first conductive lines CL1 may be vertically spaced apart from each 

other by the insulating layers IL, as illustrated in FIG. 3C.  Each of the insulating layers IL 

may be interposed between each vertically adjacent pair of the first conductive lines CL1. 

[0047]   The first conductive lines CL1 may be provided to have a line-shaped or bar-

shaped structure extending in the first direction D1.  In some embodiments, each of the first 

conductive lines CL1 may extend longitudinally in the first direction D1. The first conductive 

lines CL1 may extend from the cell region CAR of the substrate 100 onto the contact region 

CTR. 

[0048]   In some embodiments, each of the first conductive lines CL1 may be in direct 

contact with the semiconductor patterns SP, as illustrated in FIG. 3A.  In some embodiments, 

each of the first conductive lines CL1 may be positioned at substantially the same level as a 

corresponding one of the semiconductor patterns SP, as illustrated in FIG. 3A.  In some 

embodiments, as illustrated in FIG. 3A, one of the first conductive lines CL1 has a lower 

surface, which faces the substrate 100, a corresponding one of the semiconductor patterns SP, 

has a lower surface, which faces the substrate 100, and the lower surfaces of the one of the 

first conductive lines CL1 and the corresponding one of the semiconductor patterns SP are at 

the same level (i.e., coplanar). Each of the first conductive lines CL1 may be connected to a 

corresponding one of the first impurity regions SD1 of the semiconductor patterns SP.  Each 

of the semiconductor patterns SP of the first to fourth rows R1-R4, which is positioned at the 

same level as a corresponding one of the first conductive lines CL1, may extend in the second 

direction D2. 

[0049]   Referring to FIG. 3C, each of the first to fourth stacks SS1-SS4 may have a 

stepwise structure on the contact region CTR of the substrate 100.  Lengths, in the first 

direction D1, of the first conductive lines CL1 stacked on the contact region CTR may 

decrease with increasing distance from the top surface of the substrate 100.  For example, the 

length of the lowermost one of the first conductive lines CL1 may be longer than those of the 
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others.  The length of the uppermost one of the first conductive lines CL1 may be shorter than 

those of the others. 

[0050]   The first conductive lines CL1 may be formed of or include a conductive 

material.  For example, the conductive material may be one of doped semiconductor 

materials (doped silicon, doped germanium, and so forth), conductive metal nitrides (titanium 

nitride, tantalum nitride, and so forth), metallic materials (tungsten, titanium, tantalum, and so 

forth), and metal-semiconductor compounds (tungsten silicide, cobalt silicide, titanium 

silicide, and so forth).  The first conductive lines CL1 may be used as the bit lines BL 

described with reference to FIG. 1. 

[0051]   Each of the first to fourth stacks SS1-SS4 may further include data storing 

elements DS, which are vertically stacked on the substrate 100.  The data storing elements 

DS, which are vertically stacked on the substrate 100, may be spaced apart from each other 

by the insulating layers IL.  Each of the data storing elements DS may be extended, in the 

second direction D2, from a corresponding one of the semiconductor patterns SP. 

[0052]   In some embodiments, each of the data storing elements DS may be in direct 

contact with a corresponding one of the semiconductor patterns SP, as illustrated in FIG. 3A.  

As an example, each of the data storing elements DS may be positioned at substantially the 

same level as the corresponding one of the semiconductor patterns SP.  Each of the data 

storing elements DS may be connected to the second impurity region SD2 of the 

corresponding one of the semiconductor patterns SP. 

[0053]   Referring to FIG. 3D, each of the data storing elements DS may include a first 

electrode EL1, a dielectric layer DL, and a second electrode EL2.  For example, the data 

storing element DS according to an embodiment of the inventive concept may be a capacitor. 

[0054]   The first electrode EL1 may be directly connected to the second impurity 

region SD2 of the semiconductor pattern SP.  In some embodiments, the first electrode EL1 

may have a hollow cylinder shape, as illustrated in FIG. 3D.  The first electrode EL1 may be 

formed of or include at least one of metallic materials, metal nitrides, or metal silicides.  For 

example, the first electrode EL1 may be formed of or include at least one of refractory metals 

(e.g., cobalt, titanium, nickel, tungsten, or molybdenum).  The first electrode EL1 may be 

formed of or include at least one of metal nitrides (e.g., titanium nitride, titanium silicon 

nitride, titanium aluminum nitride, tantalum nitride, tantalum silicon nitride, tantalum 

aluminum nitride, or tungsten nitride). 

[0055]   The dielectric layer DL may be interposed between the first electrode EL1 and 
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the second electrode EL2.  The dielectric layer DL may be provided to directly cover an inner 

side surface of the first electrode EL1, as illustrated in FIG. 3D.  For example, the dielectric 

layer DL may be formed of or include at least one of metal oxides (e.g., hafnium oxide, 

zirconium oxide, aluminum oxide, lanthanum oxide, tantalum oxide, and titanium oxide) or 

perovskite dielectric materials (e.g., SrTiO3(STO), (Ba,Sr)TiO3(BST), BaTiO3, PZT, and 

PLZT). 

[0056]   The second electrode EL2 may be provided on the dielectric layer DL.  The 

second electrode EL2 may be provided to fill a cylindrical inner space of the first electrode 

EL1, as illustrated in FIG. 3D.  The second electrode EL2 may be connected to a third 

conductive line CL3 to be described below.  The second electrode EL2 may be formed of or 

include at least one of doped silicon, metallic materials, metal nitrides, or metal silicides.  As 

an example, the second electrode EL2 may include substantially the same material as the first 

electrode EL1. 

[0057]   Second conductive lines CL2 may be provided on the cell region CAR of the 

substrate 100 to penetrate the first to fourth stacks SS1-SS4.  The second conductive lines 

CL2 may be pillar-shaped or bar-shaped patterns extending in a direction normal (e.g., 

perpendicular) to the top surface of the substrate 100 (i.e., in the third direction D3).  In some 

embodiments, each of the second conductive lines CL2 may extend longitudinally in the third 

direction D3. The second conductive lines CL2 of each of the first to fourth stacks SS1-SS4 

may be arranged in the first direction D1.  Each of the second conductive lines CL2 may be 

provided adjacent to a corresponding one of the first to fourth rows R1-R4 of the 

semiconductor patterns SP, as illustrated in FIG. 2. 

[0058]   As an example, the first one of the second conductive lines CL2 penetrating 

the third stack SS3 may be adjacent to side surfaces of the semiconductor patterns SP of the 

first row R1.  The first one of the second conductive lines CL2 may vertically extend along 

the side surfaces of the semiconductor patterns SP of the first row R1.  The second one of the 

second conductive lines CL2 penetrating the third stack SS3 may be placed adjacent to the 

side surfaces of the semiconductor patterns SP of the second row R2.  The second one of the 

second conductive lines CL2 may vertically extend along the side surfaces of the 

semiconductor patterns SP of the second row R2.  A vertical insulating pattern VIP may be 

interposed between the first one of the second conductive lines CL2 and the semiconductor 

patterns SP of the second row R2.  The vertical insulating pattern VIP may be formed of or 

include, for example, silicon oxide. 
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[0059]   Each of the second conductive lines CL2 may be placed to face the channel 

regions CH of the semiconductor patterns SP adjacent thereto, as illustrated in FIGS. 2 and 

3B.  The second conductive lines CL2 may be used as gate electrodes.  For example, the 

second conductive lines CL2 may be used as the gate electrodes of the memory cell 

transistors MCT of FIG. 1.  A gate insulating layer GI may be provided between the second 

conductive line CL2 and the channel regions CH of the semiconductor patterns SP.  The gate 

insulating layer GI may be a single- or multi-layered structure that is formed of or include at 

least one of high-k dielectric materials, silicon oxide, silicon nitride, or silicon oxynitride.  In 

some embodiments, the high-k dielectric materials may include at least one of hafnium oxide, 

hafnium silicon oxide, lanthanum oxide, zirconium oxide, zirconium silicon oxide, tantalum 

oxide, titanium oxide, barium strontium titanium oxide, barium titanium oxide, strontium 

titanium oxide, lithium oxide, aluminum oxide, lead scandium tantalum oxide, or lead zinc 

niobate. 

[0060]   The second conductive lines CL2 may be formed of or include a conductive 

material, and the conductive material may be one of doped semiconductor materials, 

conductive metal nitrides, metallic materials, and metal-semiconductor compounds.  The 

second conductive lines CL2 may be used as the word lines WL described with reference to 

FIG. 1. 

[0061]   Third conductive lines CL3 may be provided on the cell region CAR of the 

substrate 100 to extend parallel to the first to fourth stacks SS1-SS4 or in the first direction 

D1.  The first one of the third conductive lines CL3 may be provided between the first and 

second stacks SS1 and SS2, and the second one of the third conductive lines CL3 may be 

provided between the third and fourth stacks SS3 and SS4. 

[0062]   In some embodiments, as illustrated in FIG. 3A, the third conductive lines 

CL3 may be directly connected to the second electrode EL2 of the data storing element DS 

previously described with reference to FIG. 3D.  The first one of the third conductive lines 

CL3 may be connected in common to the second electrodes EL2 of the capacitors of the first 

and second stacks SS1 and SS2, and the second one of the third conductive lines CL3 may be 

connected in common to the second electrodes EL2 of the capacitors of the third and fourth 

stacks SS3 and SS4. 

[0063]   The third conductive lines CL3 may be formed of or include a conductive 

material, and the conductive material may be one of doped semiconductor materials, 

conductive metal nitrides, metallic materials, and metal-semiconductor compounds.  The 
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third conductive lines CL3 may be used as the ground line PP described with reference to 

FIG. 1. 

[0064]   A second interlayered insulating layer ILD2 may be provided on the first 

interlayered insulating layer ILD1 to cover (e.g., partially cover or entirely cover) the first to 

fourth stacks SS1-SS4.  Each of the first and second interlayered the insulating layers ILD1 

and ILD2 may be formed of or include, for example, at least one of silicon oxide, silicon 

nitride, or silicon oxynitride. 

[0065]   In some embodiments, the first and second stacks SS1 and SS2 may have 

substantially the same structure as the third and fourth stacks SS3 and SS4.  The first and 

second stacks SS1 and SS2 and the third and fourth stacks SS3 and SS4 may be provided to 

be symmetric to each other.  In some embodiments, the first and second stacks SS1 and SS2 

may be provided to have a mirror symmetry with respect to the third conductive line CL3 

therebetween.  The third and fourth stacks SS3 and SS4 may be provided to have a mirror 

symmetry with respect to the third conductive line CL3 therebetween.  The second and third 

stacks SS2 and SS3 may be provided to have a mirror symmetry with respect to the second 

interlayered insulating layer ILD2 interposed therebetween. 

[0066]   FIG. 4 is a cross-sectional view of a three-dimensional semiconductor memory 

device according to an embodiment of the inventive concept, taken along line A-A' of FIG. 2.  

In the following description, an element previously described with reference to FIGS. 1, 2, 

and 3A to 3D, may be identified by the same reference number without repeating description 

thereof. 

[0067]   Referring to FIG. 4, each of the semiconductor patterns SP may further 

include an end layer SG interposed between the first conductive line CL1 and the first 

impurity region SD1.  In some embodiments, the end layer SG may be a portion of the 

semiconductor pattern SP.  In some embodiments, the end layer SG may be a pattern that is 

additionally formed between the semiconductor pattern SP and the first conductive line CL1. 

[0068]   The end layer SG may be formed of or include a semiconductor material 

having a relatively small band gap.  In the case where the semiconductor pattern SP includes 

silicon, the end layer SG may be formed of or include a germanium-containing silicon 

material.  For example, the first and second impurity regions SD1 and SD2 and the channel 

region CH of the semiconductor pattern SP may be formed of or include silicon, and the end 

layer SG may be formed of or include silicon-germanium. 

[0069]   A silicide layer SC may be interposed between the first conductive line CL1 
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and the end layer SG.  The silicide layer SC may be formed of or include at least one of 

metal-semiconductor compounds (e.g., tungsten silicide, cobalt silicide, titanium silicide, and 

so forth). 

[0070]   In some embodiments, the formation of the end layer SG may include 

performing a plasma-assisted doping (PLAD) process on the first impurity region SD1 of the 

semiconductor pattern SP to dope a portion of the first impurity region SD1 with a 

semiconductor material (e.g., germanium) having a small band gap.  After the formation of 

the end layer SG, a metal-silicide process may be performed to form the silicide layer SC.  

After the formation of the silicide layer SC, the first conductive line CL1 may be formed. 

[0071]   Meanwhile, during an operation of the memory device, holes may be 

accumulated in the semiconductor pattern SP by a floating body effect.  The accumulated 

holes may be recombined with electrons in the capacitor of the memory cell, and in this case, 

data stored in the capacitor may be lost. 

[0072]   In the present embodiment, the end layer SG may have a band gap smaller 

than those of the first and second impurity regions SD1 and SD2 and the channel region CH.  

The end layer SG may be used to remove a hole barrier and thereby to allow holes, which are 

accumulated in the semiconductor pattern SP, to be discharged to the outside through the first 

conductive line CL1.  That is to say, in the semiconductor memory device according to the 

present embodiment, the end layer SG may be further provided to discharge the accumulated 

holes to the outside through the first conductive line CL1. 

[0073]   FIG. 5 is a perspective view illustrating a three-dimensional semiconductor 

memory device according to an embodiment of the inventive concept.  FIG. 6A is a cross-

sectional view taken along lines A-A' and B-B' of FIG. 5.  FIG. 6B is a cross-sectional view 

taken along line C-C' of FIG. 5.  In the following description, an element previously 

described with reference to FIGS. 1, 2, and 3A to 3D, may be identified by the same 

reference number without repeating description thereof. 

[0074]   Referring to FIGS. 5, 6A, and 6B, the substrate 100 may include the cell 

region CAR, the contact region CTR, a first peripheral circuit region PER1, and a second 

peripheral circuit regions PER2.  The contact region CTR may be interposed between the cell 

region CAR and the first peripheral circuit region PER1. 

[0075]   The first and second peripheral circuit regions PER1 and PER2 may include 

peripheral transistors, resistors, and capacitors, which are electrically connected to the cell 

arrays.  As an example, the first peripheral circuit region PER1 may include a sense amplifier 
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connected to the bit lines BL on the cell region CAR.  The second peripheral circuit regions 

PER2 may include a row decoder and/or sub-word line drivers connected to the word lines 

WL on the cell region CAR. 

[0076]   Referring to FIG. 6A, a device isolation layer ST may be provided on the first 

peripheral circuit region PER1 of the substrate 100 to define an active region ACT.  A 

peripheral gate electrode PG may be provided on the active region ACT to cross the active 

region ACT.  Source/drain regions IR may be provided in two portions of the active region 

ACT, which are located at opposing sides of the peripheral gate electrode PG.  A peripheral 

gate insulating layer PGI may be interposed between the peripheral gate electrode PG and the 

active region ACT.  A gate capping layer PGP may be provided on the peripheral gate 

electrode PG.  A pair of spacers PSP may be provided on opposite side surfaces of the 

peripheral gate electrode PG.  The first interlayered insulating layer ILD1 may be provided to 

cover the active region ACT, the spacers PSP, and the gate capping layer PGP. 

[0077]   A lower interconnection line LML may be provided on the first interlayered 

insulating layer ILD1 to extend in a direction toward the cell region CAR.  A lower contact 

LCNT may be provided to penetrate the first interlayered insulating layer ILD1 and may be 

used to electrically connect the lower interconnection line LML to the source/drain region IR 

in the active region ACT.  Although not shown, in some embodiments, an additional lower 

contact LCNT may be provided to penetrate the first interlayered insulating layer ILD1 and 

the gate capping layer PGP and may be used to electrically connect the lower interconnection 

line LML to the peripheral gate electrode PG. 

[0078]   The peripheral transistors on the second peripheral circuit regions PER2 may 

be configured to have substantially the same structure as that of the peripheral transistor on 

the first peripheral circuit region PER1 shown in FIG. 6A. 

[0079]   The first to fourth stacks SS1-SS4 may be provided on the cell region CAR 

and the contact region CTR of the substrate 100.  The first to fourth stacks SS1-SS4 may be 

provided on the first interlayered insulating layer ILD1.  The first to fourth stacks SS1-SS4 

may be positioned at a level higher than those of the peripheral transistors of the first and 

second peripheral circuit regions PER1 and PER2.  In order to reduce complexity in the 

drawings, the first to fourth stacks SS1-SS4, from which the semiconductor patterns SP 

previously described with reference to FIG. 2 are omitted, are illustrated. 

[0080]   Contacts CNT may be provided to penetrate the second interlayered insulating 

layer ILD2.  Some of the contacts CNT may be provided on the first to fourth stacks SS1-SS4 



14 

 

to be in contact with the first conductive lines CL1 on the contact region CTR.  Others of the 

contacts CNT may be provided on the first and second peripheral circuit regions PER1 and 

PER2 to be in contact with the lower interconnection lines LML.  

[0081]   The contacts CNT, which are in contact with the first conductive lines CL1 on 

the contact region CTR, may be arranged in the first direction D1 and may be spaced apart 

from each other in the first direction D1.  The contacts CNT on the contact region CTR may 

be provided on the stepwise structure of each of the first to fourth stacks SS1-SS4.  In some 

embodiments, the contacts CNT on the contact region CTR may have bottom surfaces whose 

levels are elevated with decreasing distance from the cell region CAR, as illustrated in FIG. 

6A.  For example, the bottom surface of the contact CNT adjacent to the first peripheral 

circuit region PER1 may be positioned at a first level LEV1, and the bottom surface of the 

contact CNT adjacent to the cell region CAR may be positioned at a second level LEV2.  The 

second level LEV2 may be higher than the first level LEV1.  

[0082]   Referring to FIG. 5, in some embodiments, the contacts CNT, which are in 

contact with the lower interconnection lines LML on the first peripheral circuit region PER1, 

may be arranged to form a zigzag shape in the second direction D2.  Since the contacts CNT 

are arranged in the zigzag shape on the first peripheral circuit region PER1, it may be 

possible to secure a sufficient process margin between adjacent ones of the contacts CNT.  

For example, the first one of the lower interconnection lines LML on the first peripheral 

circuit region PER1 may have a first end EN1.  The second one of the lower interconnection 

lines LML on the first peripheral circuit region PER1 may have a second end EN2.  The 

second end EN2 may be closer to the contact region CTR than the first end EN1. 

[0083]   Third and fourth interlayered insulating layers ILD3 and ILD4 may be 

provided on the second interlayered insulating layer ILD2.  Vias VI may be provided in the 

third interlayered the insulating layers ILD3.  First to sixth interconnection lines ML1-ML6 

may be provided in the fourth interlayered the insulating layers ILD4.  The first to sixth 

interconnection lines ML1-ML6 may be in contact with the vias VI. 

[0084]   On the contact region CTR, the first to fourth interconnection lines ML1-ML4 

may be electrically connected to the first conductive lines CL1 of the first to fourth stacks 

SS1-SS4 through the contacts CNT and the vias VI. 

[0085]   On the contact region CTR, the first interconnection lines ML1 may be 

coupled to the first conductive lines CL1, respectively, of the first stack SS1.  On the contact 

region CTR, the second interconnection lines ML2 may be coupled to the first conductive 



15 

 

lines CL1, respectively, of the second stack SS2.  On the contact region CTR, the third 

interconnection lines ML3 may be coupled to the first conductive lines CL1, respectively, of 

the third stack SS3.  On the contact region CTR, the fourth interconnection lines ML4 may be 

coupled to the first conductive lines CL1, respectively, of the fourth stack SS4. 

[0086]   The number of the first interconnection lines ML1 may equal the number of 

the first conductive lines CL1 of the first stack SS1.  The number of the second 

interconnection lines ML2 may equal the number of the first conductive lines CL1 of the 

second stack SS2.  The number of the third interconnection lines ML3 may equal the number 

of the first conductive lines CL1 of the third stack SS3.  The number of the fourth 

interconnection lines ML4 may equal the number of the first conductive lines CL1 of the 

fourth stack SS4. 

[0087]   Each of the first to fourth interconnection lines ML1-ML4 may include a first 

portion extending in the first direction D1 and a second portion extending in the second 

direction D2.  For example, the first portions of the first interconnection lines ML1 may be 

spaced apart from each other by substantially the same distant in the second direction D2.  

The second portions of the first interconnection lines ML1 may be connected to the contacts 

CNT on the first conductive lines CL1. 

[0088]   The first to fourth interconnection lines ML1-ML4 may extend from the 

contact region CTR to the first peripheral circuit region PER1.  The first to fourth 

interconnection lines ML1-ML4 on the first peripheral circuit region PER1 may be 

electrically connected to the lower interconnection lines LML through the contacts CNT and 

the vias VI. 

[0089]   The fifth interconnection lines ML5 on the cell region CAR may be 

electrically connected to the second conductive lines CL2 through the vias VI.  The fifth 

interconnection lines ML5 may extend in the second direction D2.  In some embodiments, the 

fifth interconnection lines ML5 may extend longitudinally in the second direction D2, as 

illustrated in FIG. 5. The fifth interconnection lines ML5 may extend from the cell region 

CAR to the second peripheral circuit regions PER2.  The fifth interconnection lines ML5 on 

the second peripheral circuit regions PER2 may be electrically connected to the lower 

interconnection lines LML through the contacts CNT and the vias VI. 

[0090]   Each of the fifth interconnection lines ML5 may be connected in common to 

the second conductive lines CL2 of the first to fourth stacks SS1-SS4.  As an example, the 

second conductive lines CL2 of the second stack SS2, which are arranged in the first 
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direction D1, may constitute a first column C1.  The second conductive lines CL2 of the third 

stack SS3, which are arranged along the first direction D1, may constitute a second column 

C2. 

[0091]   Still referring to FIG. 5, in some embodiments, the first one of the second 

conductive lines CL2 of the first column C1 and the first one of the second conductive lines 

CL2 of the second column C2 may be aligned to each other in the second direction D2.  In 

some embodiments, the first one of the second conductive lines CL2 of the first column C1 

and the first one of the second conductive lines CL2 of the second column C2 may be 

connected in common to the first one of the fifth interconnection lines ML5, as illustrated in 

FIG. 5.  The second one of the second conductive lines CL2 of the first column C1 and the 

second one of the second conductive lines CL2 of the second column C2 may be aligned to 

each other in the second direction D2.  The second one of the second conductive lines CL2 of 

the first column C1 and the second one of the second conductive lines CL2 of the second 

column C2 may be connected in common to the second one of the fifth interconnection lines 

ML5. 

[0092]   The first one of the fifth interconnection lines ML5 may be extended onto the 

second peripheral circuit region PER2, which is provided near a side of the cell region CAR.  

The second one of the fifth interconnection lines ML5 may be extended onto the second 

peripheral circuit region PER2, which is provided near an opposite side of the cell region 

CAR. 

[0093]   On the cell region CAR, the sixth interconnection line ML6 may be 

electrically connected to the third conductive lines CL3 through the vias VI.  The sixth 

interconnection line ML6 may extend in the second direction D2.  In some embodiments, the 

sixth interconnection line ML6 may extend longitudinally in the second direction D2. The 

sixth interconnection line ML6 may be connected to an upper interconnection structure (not 

shown) through an upper via UVI. 

[0094]   Each of the lower interconnection line LML, the lower contact LCNT, the 

contacts CNT, the vias VI, and the first to sixth interconnection lines ML1-ML6 may be 

formed of or include at least one of metallic materials (e.g., aluminum, copper, tungsten, 

molybdenum, or cobalt). 

[0095]   Hereinafter, various embodiments of the inventive concept will be described.  

In the following description, elements previously described with reference to FIGS. 1, 2, 3A, 

3B, 3C, 3D, 4, 5, 6A, and 6B, may be identified by the same reference number without 



17 

 

repeating description thereof. 

[0096]   FIG. 7A is a cross-sectional view taken along the lines A-A' and B-B' of FIG. 

5.  FIG. 7B is a cross-sectional view taken along the line C-C' of FIG. 5.  Referring to FIGS. 

7A and 7B, first peripheral transistors PTR1 may be provided on the first and second 

peripheral circuit regions PER1 and PER2.  In addition, at least one second peripheral 

transistor PTR2 may be provided on the contact region CTR, and at least one third peripheral 

transistor PTR3 may be provided on the cell region CAR. 

[0097]   The second and third peripheral transistors PTR2 and PTR3 may be 

configured to perform substantially the same function as those of the first peripheral 

transistors PTR1 on the first and second peripheral circuit regions PER1 and PER2.  For 

example, the second and third peripheral transistors PTR2 and PTR3, along with the first 

peripheral transistors PTR1, may constitute a peripheral circuit for driving the memory cell.  

In the present embodiment, since the peripheral transistors constituting the peripheral circuit 

are placed not only on the first and second peripheral circuit regions PER1 and PER2 but also 

on the contact region CTR and the cell region CAR, it may be possible to secure a 

sufficiently large region for the peripheral transistors. 

[0098]   First lower interconnection lines LML1 may be provided on the device 

isolation layer ST or on the substrate 100.  The first lower interconnection lines LML1 may 

be provided on the contact region CTR and the cell region CAR. 

[0099]   The first interlayered insulating layer ILD1 may be provided to cover the first 

to third peripheral transistors PTR1, PTR2, and PTR3 and the first lower interconnection 

lines LML1.  An additional interlayered insulating layer ILDa may be provided between the 

first interlayered insulating layer ILD1 and the second interlayered insulating layer ILD2.  

Second lower interconnection lines LML2 may be provided in the additional interlayered 

insulating layer ILDa. 

[00100]   In some embodiments, the second lower interconnection line LML2 may be 

connected to the second peripheral transistor PTR2 through the lower contact LCNT 

penetrating the first interlayered insulating layer ILD1.  That is, the first conductive line CL1 

may be electrically connected to the second peripheral transistor PTR2. 

[00101]   Since the first and second lower interconnection lines LML1 and LML2 are 

provided not only on the first and second peripheral circuit regions PER1 and PER2 but also 

on the contact region CTR and the cell region CAR, it may be possible to increase a degree of 

freedom in constructing a routing structure of the memory device.  Furthermore, it may be 



18 

 

possible to secure a sufficiently large region for interconnection lines. 

[00102]   FIG. 8A is a cross-sectional view taken along the lines A-A' and B-B' of FIG. 

5.  FIG. 8B is a cross-sectional view taken along the line C-C' of FIG. 5.  Referring to FIGS. 

8A and 8B, a fifth interlayered insulating layer ILD5 and a sixth interlayered insulating layer 

ILD6 may be provided on the fourth interlayered insulating layer ILD4.  The upper vias UVI 

may be provided in the fifth interlayered the insulating layers ILD5.  Upper interconnection 

lines UML may be provided in the sixth interlayered the insulating layers ILD6.  The upper 

interconnection lines UML may be in contact with the upper vias UVI.  The upper vias UVI 

may be used to vertically connect the upper interconnection lines UML to the first to sixth 

interconnection lines ML1-ML6. 

[00103]   Referring to FIG. 8A, the first one of the fourth interconnection lines ML4 

may be electrically connected to the upper interconnection line UML.  The upper 

interconnection line UML connected to the first one of the fourth interconnection lines ML4 

may be extended onto the first peripheral circuit region PER1.  The second one of the fourth 

interconnection lines ML4 may be extended onto the first peripheral circuit region PER1 but 

may not be connected to the upper interconnection line UML.  The third one of the fourth 

interconnection lines ML4 may be electrically connected to the upper interconnection line 

UML.  The upper interconnection line UML connected to the third one of the fourth 

interconnection lines ML4 may be extended onto the first peripheral circuit region PER1.  

The fourth one of the fourth interconnection lines ML4 may be extended onto the first 

peripheral circuit region PER1 but may not be connected to the upper interconnection line 

UML. 

[00104]   Referring to FIG. 8B, the first one of the fifth interconnection lines ML5 may 

be electrically connected to the upper interconnection line UML.  The upper interconnection 

line UML connected to the first one of the fifth interconnection lines ML5 may be extended 

onto the second peripheral circuit region PER2.  The second one of the fifth interconnection 

lines ML5 may be extended onto the second peripheral circuit region PER2 but may not be 

connected to the upper interconnection line UML. 

[00105]   In the present embodiment, the upper interconnection lines UML, which are a 

part of the upper interconnection structure, may be further provided on the first to sixth 

interconnection lines ML1-ML6, and this may make it possible to increase a degree of 

freedom in constructing a routing structure.  Furthermore, it may be possible to secure a 

sufficiently large region for interconnection lines. 
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[00106]   FIG. 9 is a cross-sectional view taken along the line C-C' of FIG. 5.  Referring 

to FIGS. 2, 5, and 9, the second conductive line CL2 and an additional conductive line CL2a 

may be provided between the first row R1 of the semiconductor patterns SP and the second 

row R2 of the semiconductor patterns SP.  In other words, the second conductive line CL2 

and the additional conductive line CL2a may be provided to face opposite side surfaces of the 

vertical stack of the semiconductor patterns SP.  The additional conductive line CL2a may 

extend parallel to the second conductive line CL2 or in the third direction D3. 

[00107]   In some embodiments, the additional conductive line CL2a may be used as a 

back-gate electrode for the memory cell transistor MCT.  In some embodiments, the 

additional conductive line CL2a, along with the second conductive line CL2, may constitute a 

single word line WL.  In some embodiments, the additional conductive line CL2a may be 

provided to be in direct contact with the semiconductor patterns SP, thereby serving as a body 

contact.  The additional conductive line CL2a may be connected to other region of the device 

through the first and second lower interconnection lines LML1 and LML2. 

[00108]   FIG. 10 is a cross-sectional view taken along the lines A-A' and B-B' of FIG. 5.  

Referring to FIG. 10, a semiconductor layer SL may be provided on the first peripheral 

circuit region PER1 to cover the second interlayered insulating layer ILD2.  The 

semiconductor layer SL may be positioned at a level higher than the first to fourth stacks 

SS1-SS4.  Peripheral transistors PTR may be formed on the semiconductor layer SL.  The 

peripheral transistors on the second peripheral circuit regions PER2 may have substantially 

the same structure as that on the first peripheral circuit region PER1 shown in FIG. 10. 

[00109]   An additional interlayered insulating layer ILDa may be provided on the 

semiconductor layer SL to cover the peripheral transistors PTR.  A top surface of the 

additional interlayered insulating layer ILDa may be substantially coplanar with a top surface 

of the second interlayered insulating layer ILD2, which is provided on the contact region 

CTR and the cell region CAR.  The peripheral transistors PTR on the semiconductor layer SL 

may be electrically connected to the first and second conductive lines CL1 and CL2 through 

the first to fifth interconnection lines ML1-ML5. 

[00110]   FIG. 11 is a perspective view illustrating a three-dimensional semiconductor 

memory device according to an embodiment of the inventive concept.  FIG. 12 is a cross-

sectional view taken along a line A-A' of FIG. 12.  In order to reduce complexity in the 

drawings, the semiconductor patterns SP previously described with reference to FIG. 2 are 

not illustrated in FIGS. 11, 13, 14, 15, and 17 but it will be understood that the semiconductor 
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patterns SP are provided in the device as illustrated in FIG. 2. 

[00111]   Referring to FIGS. 11 and 12, the first peripheral circuit region PER1 may 

include a first sub-region PER1a and a second sub-region PER1b.  The second sub-region 

PER1b may be spaced apart from the first sub-region PER1a in the first direction D1.  First 

and second peripheral transistors PTR1 and PTR2 may be provided on the first and second 

sub-regions PER1a and PER1b, respectively. 

[00112]   For example, the first one of the fourth interconnection lines ML4 may be 

extended onto the first sub-region PER1a.  The second one of the fourth interconnection lines 

ML4 may be extended onto the second sub-region PER1b.  The third one of the fourth 

interconnection lines ML4 may be extended onto the first sub-region PER1a.  The fourth one 

of the fourth interconnection lines ML4 may be extended onto the second sub-region PER1b. 

[00113]   In the present embodiment, the first peripheral circuit region PER1 may be 

divided into two regions: that is, the first and second sub-regions PER1a and PER1b.  Thus, it 

may be possible to separately dispose the first and second peripheral transistors PTR1 and 

PTR2, which constitute the peripheral circuit on the first peripheral circuit region PER1, on 

the first and second sub-regions PER1a and PER1b.  As a result, it may be possible to secure 

a sufficiently large region for each of the peripheral transistors and to secure a relatively large 

distance between adjacent ones of the contacts CNT.  

[00114]   FIG. 13 is a perspective view illustrating a three-dimensional semiconductor 

memory device according to an embodiment of the inventive concept.  Referring to FIG. 13, 

a plurality of the first peripheral circuit regions PER1 may be provided near the cell region 

CAR.  For example, at least one of the first peripheral circuit regions PER1 may be 

configured to include the sense amplifiers. 

[00115]   The first peripheral circuit regions PER1 and the second peripheral circuit 

regions PER2 may be alternatingly arranged along a side of the cell region CAR or in the first 

direction D1.  Similarly, the first peripheral circuit regions PER1 and the second peripheral 

circuit regions PER2 may also be alternatingly arranged in an opposite side of the cell region 

CAR or in the first direction D1. 

[00116]   FIG. 14 is a perspective view illustrating a three-dimensional semiconductor 

memory device according to an embodiment of the inventive concept.  Referring to FIG. 14, 

the first peripheral circuit region PER1 may include a first portion PA1, which extends in the 

second direction D2, and second portions PA2, which extend from the first portion PA1 in 

the first direction D1. 
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[00117]   According to embodiments illustrated in FIGS. 13 and 14, it may be possible 

to secure a relatively large area for the first peripheral circuit region PER1, compared with an 

area of the first peripheral circuit region PER1 previously described with reference to FIG. 5. 

[00118]   FIG. 15 is a perspective view illustrating a three-dimensional semiconductor 

memory device according to an embodiment of the inventive concept.  FIG. 16 is a cross-

sectional view taken along a line A-A' of FIG. 15.  Referring to FIGS. 15 and 16, common 

contacts CCNT may be provided on the contact region CTR to be in contact with the first 

conductive lines CL1.  Each of the common contacts CCNT may be in common contact with 

a pair of the first conductive lines CL1, which are positioned at the same level. 

[00119]   For example, the lowermost one of the first conductive lines CL1 of the 

second stack SS2 and the lowermost one of the first conductive line CL1 of the third stack 

SS3 may be connected in common to a corresponding one of the common contacts CCNT.  

The uppermost one of the first conductive line CL1 of the second stack SS2 and the 

uppermost one of the first conductive line CL1 of the third stack SS3 may be connected in 

common to a corresponding one of the common contacts CCNT. 

[00120]   Common interconnection lines CML may be provided instead of the first to 

fourth interconnection lines ML1-ML4 previously described with reference to FIG. 5.  The 

common interconnection lines CML may be electrically connected to the common contacts 

CCNT through the vias VI.  Each of the common interconnection lines CML may be 

electrically connected to a corresponding pair of the first conductive lines CL1, which are 

positioned at the same level, thorough a single common contact CCNT.  

[00121]   In some embodiments, although not shown, the common contact CCNT may 

be provided to be in common contact with the first conductive line CL1 of the first stack SS1 

and the first conductive line CL1 of the second stack SS2.  The common contact CCNT may 

be provided to be in common contact with the first conductive line CL1 of the third stack SS3 

and the first conductive line CL1 of the fourth stack SS4. 

[00122]   The fifth interconnection lines ML5 may include first sub-interconnection 

lines ML5a and second sub-interconnection lines ML5b.  The first sub-interconnection lines 

ML5a and the second sub-interconnection lines ML5b may be alternatingly arranged in the 

first direction D1.  Each of the first sub-interconnection lines ML5a may be connected in 

common to the second conductive lines CL2 of the second and fourth stacks SS2 and SS4.  

Each of the first sub-interconnection lines ML5a may not be connected to the second 

conductive lines CL2 of the first and third stacks SS1 and SS3.  Each of the second sub-
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interconnection lines ML5b may be connected in common to the second conductive lines 

CL2 of the first and third stacks SS1 and SS3.  Each of the second sub-interconnection lines 

ML5b may not be connected to the second conductive lines CL2 of the second and fourth 

stacks SS2 and SS4. 

[00123]   As an example, the second conductive lines CL2 of the second stack SS2 may 

constitute a first column C1, the second conductive lines CL2 of the third stack SS3 may 

constitute a second column C2.  The first one of the second conductive lines CL2 of the first 

column C1 may not be aligned with (i.e., may be offset from) the first one of the second 

conductive lines CL2 of the second column C2 in the second direction D2.  The first one of 

the second conductive lines CL2 of the first column C1 may be electrically connected to the 

first sub-interconnection line ML5a, and the first one of the second conductive lines CL2 of 

the second column C2 may be electrically connected to the second sub-interconnection line 

ML5b.  The second one of the second conductive lines CL2 of the first column C1 may not 

be aligned with (i.e., may be offset from) the second one of the second conductive lines CL2 

of the second column C2 in the second direction D2.  The second one of the second 

conductive lines CL2 of the first column C1 may be electrically connected to the first sub-

interconnection line ML5a, and the second one of the second conductive lines CL2 of the 

second column C2 may be electrically connected to the second sub-interconnection line 

ML5b. 

[00124]   The first sub-interconnection lines ML5a may be extended from the cell 

region CAR onto the second peripheral circuit region PER2, which is located adjacent to a 

first side of the cell region CAR.  The second sub-interconnection lines ML5b may be 

extended from the cell region CAR onto the second peripheral circuit region PER2, which is 

located adjacent to a second side of the cell region CAR, which is opposite the first side of 

the cell region CAR. 

[00125]   The contacts CNT, which are in contact with the lower interconnection lines 

LML on the second peripheral circuit region PER2, may be arranged to form a zigzag shape 

in the second direction D2.  Since the contacts CNT are arranged in the zigzag shape on the 

second peripheral circuit region PER2, it may be possible to secure a sufficient process 

margin between adjacent ones of the contacts CNT.  For example, the first one of the lower 

interconnection lines LML on the second peripheral circuit region PER2 may have a first end 

EN1.  The second one of the lower interconnection lines LML on the second peripheral 

circuit region PER2 may have a second end EN2.  The second end EN2 may be closer to the 
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contact region CTR than the first end EN1. 

[00126]   FIG. 17 is a perspective view illustrating a three-dimensional semiconductor 

memory device according to an embodiment of the inventive concept.  FIG. 18 is a cross-

sectional view taken along lines A-A' and B-B' of FIG. 17.  Referring to FIGS. 17 and 18, 

each of the first conductive lines CL1 may include an interconnection portion LP extending 

in the first direction D1 and a contact portion CNP extending from the interconnection 

portion LP in the third direction D3. 

[00127]   The contact portions CNP of the first conductive lines CL1 may be provided 

on the contact region CTR.  The contact portions CNP of each of the first to fourth stacks 

SS1-SS4 may be arranged in the first direction D1.  Top surfaces of the contact portions CNP 

may be substantially coplanar with the top surface of the second interlayered insulating layer 

ILD2.  The vias VI may be provided on the top surfaces of the contact portions CNP.  The 

contact portions CNP may be electrically connected to the first to fourth interconnection lines 

ML1-ML4 through the vias VI. 

[00128]   According to some embodiments of the inventive concept, a three-dimensional 

semiconductor memory device may include memory cells, which are three-dimensionally 

arranged on a substrate.  Interconnection lines may be provided on the memory cells and may 

be used to efficiently connect bit lines and word lines to peripheral circuit regions. 

[00129]   While example embodiments of the inventive concept have been particularly 

shown and described, it will be understood by one of ordinary skill in the art that variations in 

form and detail may be made therein without departing from the spirit and scope of the 

attached claims. 
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WHAT IS CLAIMED IS: 

 

1. A semiconductor memory device comprising: 

a first interconnection line and a second interconnection line on a substrate; and 

a first stack and a second stack between the substrate and the first and second 

interconnection lines, 

wherein each of the first and second stacks comprises: 

a plurality of semiconductor patterns vertically stacked on the substrate; 

a plurality of conductive lines connected to the plurality of semiconductor 

patterns, respectively, each of the plurality of conductive lines extending in a first 

horizontal direction; and 

a gate electrode that is adjacent to the plurality of semiconductor patterns and 

extends in a vertical direction, 

wherein the plurality of conductive lines of the first stack comprise a first conductive 

line, and the plurality of conductive lines of the second stack comprise a second conductive 

line, and a lower surface of the first conductive line is at a level equal to a level of a lower 

surface of the second conductive line, 

wherein the first interconnection line is electrically connected to at least one of the 

first and second conductive lines, and 

wherein the gate electrode of the first stack comprises a first gate electrode, the gate 

electrode of the second stack comprises a second gate electrode, and the second 

interconnection line is electrically connected to at least one of the first and second gate 

electrodes. 

 

2.   The device of claim 1, further comprising a third interconnection line on the 

first and second stacks, 

wherein the first interconnection line is electrically connected to the first conductive 

line, 

wherein the third interconnection line is electrically connected to the second 

conductive line, and 

wherein the second interconnection line is electrically connected to both the first gate 

electrode and the second gate electrode. 
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3.   The device of claim 2, wherein the second interconnection line extends in a 

second horizontal direction, and 

wherein the first and second gate electrodes are spaced apart from each other in the 

second horizontal direction and are aligned in the second horizontal direction. 

 

4.   The device of claim 1, further comprising a third interconnection line on the 

first and second stacks, 

wherein the first interconnection line is electrically connected to both the first 

conductive line and second conductive line, 

wherein the second interconnection line is electrically connected to the first gate 

electrode, and 

wherein the third interconnection line is electrically connected to the second gate 

electrode. 

 

5.   The device of claim 4, further comprising a common contact contacting both 

the first conductive line and second conductive line, 

wherein the first interconnection line is electrically connected to both the first 

conductive line and second conductive line through the common contact. 

 

6.   The device of any one of claims 1 to 5, wherein each of the plurality of 

semiconductor patterns comprises a first impurity region, a second impurity region, and a 

channel region between the first and second impurity regions, 

wherein each of the plurality of conductive lines is electrically connected to the first 

impurity region of each of the plurality of semiconductor patterns, and 

wherein each of the first and second gate electrodes is adjacent to the channel region 

of the plurality of semiconductor patterns. 

 

7.   The device of claim 6, wherein each of the plurality of semiconductor patterns 

further comprises an end layer between the first impurity region and a respective one of the 

plurality of conductive lines, and 

wherein the end layer comprises a first semiconductor material whose band gap is 

smaller than a band gap of a second semiconductor material of the channel region. 
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8.   The device of any one of claims 1, 2, 4 and 5, wherein the first and second 

stacks extend parallel to each other in the first horizontal direction, and 

wherein each of the plurality of semiconductor patterns of the first and second stacks 

extends in a second horizontal direction crossing the first horizontal direction. 

 

9.   The device of any one of claims 1, 2, 4 and 5, wherein the substrate comprises 

a first peripheral circuit region and a second peripheral circuit region, 

wherein the first interconnection line extends toward the first peripheral circuit region 

or extends in the first horizontal direction, and the first interconnection line is electrically 

connected to a first peripheral transistor on the first peripheral circuit region, and 

wherein the second interconnection line extends toward the second peripheral circuit 

region or extends in a second horizontal direction crossing the first horizontal direction, and 

the second interconnection line is electrically connected to a second peripheral transistor on 

the second peripheral circuit region. 

 

10.   The device of any one of claims 1 to 9, further comprising a contact contacting 

the at least one of the first and second conductive lines, 

wherein the substrate comprises a cell region and a contact region, 

wherein each the plurality of conductive lines extends from the cell region to the 

contact region, 

wherein the contact is on the contact region, and 

wherein the first interconnection line is electrically connected to the contact. 

 

11.   The device of any one of claims 1 to 9, wherein the substrate comprises a cell 

region and a contact region, 

wherein each of the plurality of conductive lines of the first and second stacks 

comprises: 

an interconnection portion horizontally extending from the cell region to the 

contact region; and 

a contact portion that is on the contact region and vertically extends from the 

interconnection portion, and 

wherein the first interconnection line is electrically connected to at least one of the 

contact portion of the first conductive line and the contact portion of the second conductive 
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line. 

 

12. A semiconductor memory device comprising: 

a substrate including a cell region and a contact region; 

a plurality of semiconductor patterns vertically stacked on the cell region, wherein 

each of the plurality of semiconductor patterns comprises a first impurity region, a second 

impurity region, and a channel region between the first and second impurity regions such that 

the plurality of semiconductor patterns comprise a plurality of first impurity regions, a 

plurality of second impurity regions, and a plurality of channel regions; 

a plurality of first conductive lines horizontally extending from the cell region onto 

the contact region, wherein each of the plurality of first conductive lines is connected to a 

respective one of the plurality of first impurity regions of the plurality of semiconductor 

patterns; 

a plurality of capacitors, wherein each of the plurality of capacitors is connected to a 

respective one of the plurality of second impurity regions of the plurality of semiconductor 

patterns; and 

a plurality of contacts contacting the plurality of first conductive lines, respectively, 

on the contact region, 

wherein the plurality of contacts comprise a first contact and a second contact that is 

closer to the cell region than the first contact, and 

wherein a level of a bottom surface of the second contact is higher than a level of a 

bottom surface of the first contact. 

 

13.   The device of claim 12, wherein a first one of the plurality of first conductive 

lines is in contact with the first contact and has a first length on the contact region, 

wherein a second one of the plurality of first conductive lines is in contact with the 

second contact and has a second length on the contact region, and 

wherein the first length is longer than the second length. 

 

14.   The device of claim 12 or claim 13, further comprising: 

a first interconnection line and a second interconnection line electrically connected to 

the first and second contacts, respectively; and 

a first lower interconnection line and a second lower interconnection line on a 
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peripheral circuit region of the substrate, 

wherein the first and second lower interconnection lines are electrically connected to 

the first and second interconnection lines, respectively, 

wherein the first and second lower interconnection lines include a first end and a 

second end, respectively, and 

wherein the second end is closer to the contact region than the first end. 

 

15.   The device of claim 12 or claim 13, further comprising: 

a second conductive line that is adjacent to the plurality of channel regions of the 

plurality of semiconductor patterns and extends in a vertical direction; 

a first interconnection line electrically connected to the first contact; and 

a second interconnection line electrically connected to the second conductive line, 

wherein the substrate further comprises first and second peripheral circuit regions, and 

wherein the first and second interconnection lines extend onto the first and second 

peripheral circuit regions, respectively. 

 

16.   The device of any one of claims 12 to 15, wherein each of the plurality of 

semiconductor patterns extends in a first direction, and 

wherein the plurality of first conductive lines extend in a second direction crossing the 

first direction. 

 

17. A semiconductor memory device comprising: 

a substrate including a cell region and a contact region; 

a first stack and a second stack on the substrate; and 

a first interconnection line and a second interconnection line on the first and second 

stacks, 

wherein the first interconnection line extends in a first horizontal direction that is 

parallel to a top surface of the substrate, 

wherein the second interconnection line extends in a second horizontal direction that 

crosses the first horizontal direction and is parallel to the top surface of the substrate, 

wherein each of the first and second stacks comprises: 

a plurality of memory cell transistors three-dimensionally arranged on the 

substrate; 
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a bit line connected to first ones of the plurality of memory cell transistors, the 

first ones of the plurality of memory cell transistors being spaced apart from each 

other in the first horizontal direction; and 

a word line connected to second ones of the plurality of memory cell 

transistors, the second ones of the plurality of memory cell transistors being 

spaced apart from each other in a vertical direction that is perpendicular to the top 

surface of the substrate, and 

wherein the bit line of the first stack comprises a first bit line, the bit line of the 

second stack comprises a second bit line, and wherein, on the contact region, the first 

interconnection line is electrically connected to at least one of the first and second bit lines, 

and 

wherein the word line of the first stack comprises a first word line, the word line of 

the second stack comprises a second word line, and wherein, on the cell region, the second 

interconnection line is electrically connected to at least one of the first and second word lines. 

 

18.   The device of claim 17, wherein the first and second bit lines extend in the 

first horizontal direction, and 

wherein the first and second word lines extend in the vertical direction. 

 

19.   The device of claim 17 or claim 18, wherein the first bit line and the second 

bit line are at the same level. 

 

20.   The device of any one of claims 17 to 19, wherein the substrate further 

includes a first peripheral circuit region and a second peripheral circuit region, 

wherein the first interconnection line extends from the contact region onto the first 

peripheral circuit region, and 

wherein the second interconnection line extends from the cell region onto the second 

peripheral circuit region. 

  


