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SEMICONDUCTOR DEVICES WITH BENT PORTIONS 

 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims priority to Korean Patent Application No. 10-2017-0116803, 

filed on September 12, 2017 in the Korean Intellectual Property Office (KIPO), the entire 

contents of which are hereby incorporated herein by reference. 

 

TECHNICAL FIELD 

[0002] Embodiments of the inventive concepts relate to semiconductor devices, and more 

particularly, to semiconductor devices including fin-field effect transistors (finFETs). 

 

BACKGROUND 

 [0003] Semiconductor devices including high performance fin-FETs have been developed.  

As semiconductor devices have been highly integrated, memory cells in the semiconductor 

devices may be formed within narrow horizontal areas. 

 

SUMMARY 

[0004] Some embodiments of the inventive concepts may provide semiconductor devices 

having fin-FETs.  According to some embodiments of the inventive concepts, semiconductor 

devices are provided.  A semiconductor device may include a first active fin, a second active 

fin and a gate structure.  The first active fin may extend in a first direction on a substrate and 

may include a first straight line extension portion, a second straight line extension portion, and 

a bent portion between the first and second straight line extension portions.  The second active 

fin may extend in the first direction on the substrate.  The gate structure may extend in a 

second direction perpendicular to the first direction on the substrate.  The gate structure may 

cross one of the first and second straight line extension portions of the first active fin and may 

cross the second active fin. 

[0005] According to some embodiments of the inventive concepts, semiconductor devices are 

provided.  A semiconductor device may include a first active fin, a plurality of second active 

fins, a plurality of third active fins, a fourth active fin, a first gate structure, a second gate 
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structure, a third gate structure and a fourth gate structure.  The first active fin may extend in a 

first direction on a substrate.  The first active fin may include first and second straight line 

extension portions and a first bent portion between the first and second straight line extension 

portions.  The plurality of second active fins may extend in the first direction on the substrate 

and may be spaced apart from each other in the first direction.  The plurality of third active 

fins may extend in the first direction on the substrate and may be spaced apart from each other 

in the first direction.  The plurality of third active fins may be not aligned with the plurality of 

second active fins in a second direction perpendicular to the first direction.  The fourth active 

fin may extend in the first direction on the substrate.  The fourth active fin may include third 

and fourth straight line extension portions and a second bent portion between the third and 

fourth straight line extension portions.  The first gate structure may cross the first straight line 

extension portion.  The second gate structure may cross the second straight line extension 

portion and one of the plurality of second active fins.  The third gate structure may cross one 

of the plurality of third active fins and the third straight line extension portion.  The fourth 

gate structure may cross the fourth straight line extension portion. 

[0006] According to some embodiments of the inventive concepts, semiconductor devices are 

provided.  A semiconductor device may include a first active fin, a second active fin, a first 

gate structure, and a second gate structure.  The first active fin may extend in a first direction 

on a substrate.  The first active fin may include a first straight line extension portion, a second 

straight line extension portion, and an oblique portion connecting the first and second straight 

line extension portions.  The second active fin may extend in the first direction on the 

substrate.  The second active fin may be parallel to the first and second straight line extension 

portions of the first active fin.  The first and second gate structures may each extend in a 

second direction perpendicular to the first direction on the substrate.  The first and second gate 

structures may each cross the first and second active fins.  The oblique portion may extend in 

a third direction that is oblique with respect to the first and second directions such that a first 

distance in the second direction between a first portion of the first active fin between the first 

and second gate structures and the second active fin is greater than a second distance in the 

second direction between a second portion of the first active fin not between the first and 

second gate structures and the second active fin. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Embodiments of the inventive concepts will be more clearly understood in view of the 

detailed description and the accompanying drawings. 

[0008] FIG. 1 is a plan view illustrating a layout of a semiconductor device according to some 

embodiments of the inventive concepts. 

[0009] FIG. 2 is a plan view illustrating a layout of a semiconductor device according to some 

embodiments of the inventive concepts. 

[0010] FIGS. 3 and 4 are perspective views illustrating portions A of the semiconductor 

devices of FIGS. 1 and 2, respectively, according to some embodiments of the inventive 

concepts. 

[0011] FIG. 5 is a circuit diagram illustrating unit cells of an SRAM according to some 

embodiments of the inventive concepts. 

[0012] FIG. 6 is a plan view illustrating a layout of cells of an SRAM according to some 

embodiments of the inventive concepts. 

[0013] FIG. 7 is a cross-sectional view taken along line I-I’ in FIG. 6 according to some 

embodiments of the inventive concepts. 

[0014] FIG. 8 is a plan view illustrating a layout of a semiconductor device according to some 

embodiments of the inventive concepts. 

[0015] FIG. 9 is a plan view illustrating a layout of cells of an SRAM according to some 

embodiments of the inventive concepts. 

[0016] FIG. 10 is a plan view illustrating a layout of cells of an SRAM according to some 

embodiments of the inventive concepts. 

[0017] FIG. 11 is a cross-sectional view taken along line II-II’ in FIG. 10 according to some 

embodiments of the inventive concepts. 

[0018] FIG. 12 is a plan view illustrating a layout of cells of an SRAM according to some 

embodiments of the inventive concepts. 

[0019] FIG. 13 is a plan view illustrating a layout of cells of an SRAM according to some 

embodiments of the inventive concepts. 
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[0020] FIG. 14 is a plan view illustrating a layout of cells of an SRAM according to some 

embodiments of the inventive concepts. 

[0021] FIG. 15 is a plan view illustrating a layout of cells of an SRAM according to some 

embodiments of the inventive concepts. 

[0022] FIG. 16 is a plan view illustrating a layout of cells of an SRAM according to some 

embodiments of the inventive concepts. 

[0023] FIG. 17 is a plan view illustrating a layout of cells of an SRAM according to some 

embodiments of the inventive concepts. 

 

DETAILED DESCRIPTION 

[0024] Some embodiments of the inventive concepts will be described in detail with reference 

to the accompanying drawings.  Like reference numerals in the drawings denote like elements, 

and thus their description may be omitted for brevity.  Embodiments may be described with 

reference to ideal views of the inventive concepts.  Accordingly, shapes of the views may be 

modified according to manufacturing techniques and/or allowable errors.  Therefore, the 

embodiments of the inventive concepts are not limited to the specific shape illustrated in the 

views, but may include other shapes that may be created according to manufacturing 

processes. 

[0025] FIG. 1 is a plan view illustrating a layout of a semiconductor device according to some 

embodiments of the inventive concepts.  FIG. 2 is a plan view illustrating a layout of a 

semiconductor device in accordance with  some embodiments of the inventive concepts.  

FIGS. 3 and 4 are perspective views illustrating portions A of the semiconductor devices of 

FIGS. 1 and 2, respectively, according to some embodiments of the inventive concepts. 

[0026] In FIG. 3, a gate structure is not shown. 

[0027] Layouts of the semiconductor devices of FIGS. 1 and 2 may be substantially the same 

as or similar to each other, except for the arrangement of first active fins.  Thus, the 

semiconductor devices of FIGS. 1 and 2 are described together.  It will be understood that, 

although the terms “first,” “second,” etc. may be used herein to describe various elements, 

these elements should not be limited by these terms. These terms are only used to distinguish 
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one element from another. Thus, a first element could be termed a second element without 

departing from the teachings of the present inventive concepts. 

[0028] Referring to FIGS. 1 to 4, one or more first active fins 12 and one or more second 

active fins 14 may protrude upwardly from an upper surface of a substrate 10.  One or more 

gate structures 30 may be formed on the first and second active fins 12 and 14, and may 

extend across the first and second active fins 12 and 14. 

[0029] It will be understood that when an element is referred to as being "connected" to, 

"coupled" to, “on,” or “formed on” another element, it may be directly connected to, coupled 

to, on, or formed on the other element or intervening elements may be present. In contrast, the 

term “directly” means that there are no intervening elements.  It will be understood that 

spatially relative terms, such as "beneath," "below," "lower," "above," "upper" and the like, 

are intended to encompass different orientations of the device in use or operation in addition 

to the orientation depicted in the figures. For example, if the device in the figures is turned 

over, elements described as "below" or "beneath" other elements or features would then be 

oriented "above" the other elements or features. The device may be otherwise oriented (rotated 

90 degrees or at other orientations) and the spatially relative descriptors used herein 

interpreted accordingly. 

[0030] The substrate 10 may include a semiconductor material, e.g., silicon, germanium, 

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

some embodiments, the substrate 10 may be a silicon-on-insulator (SOI) substrate, or a 

germanium-on-insulator (GOI) substrate. 

[0031] The first and second active fins 12 and 14 may extend in a first direction substantially 

parallel with the upper surface of the substrate 10. 

[0032] An isolation layer 16 may be formed between the first and second active fins 12 and 

14.  The isolation layer 16 may fill a lower portion of a trench between the first and second 

active fins 12 and 14.  The isolation layer 16 may include an oxide, e.g., silicon oxide.  An 

active region may be defined as portions of the first and second active fins 12 and 14 not 

covered by the isolation layer 16. 

[0033] In some embodiments, the first active fin 12 may include straight line extension 

portions 12a and bent portions 12b between the straight line extension portions 12a.  The bent 
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portion 12b may contact each of opposite ends in the first direction of adjacent straight line 

extension portions 12a. 

[0034] The straight line extension portions 12a may extend in the first direction.  Neighboring 

ones of the straight line extension portions 12a in the first direction may not be in the same 

straight line extending in the first direction. 

[0035] In some embodiments, the bent portions 12b may extend in an oblique direction with 

respect to the first direction.  The bent portions 12b contacting respective opposite ends of a 

straight line extension portion 12a may be symmetric with each other. 

[0036] The straight line extension portions 12a and the bent portions 12b may be alternatively 

and repeatedly arranged in the first direction, to define a wavy shape of the first active fin 12. 

[0037] In some embodiments, the second active fins 14 may extend in the first direction 

having straight line shapes with no bent portions. 

[0038] In some embodiments, as shown in FIG. 2, the plurality of the second active fins 14 

may be formed between ones of the first active fins 12 neighboring in a second direction 

perpendicular to the first direction. 

[0039] In some embodiments, ones of the second active fins 14 that extend in the first 

direction may be a plurality of collinear second active fins 14 spaced apart from each other in 

the first direction, and the ones of the second active fins 14 including the respective pluralities 

of collinear second active fins 14 may be arranged in the second direction.  In some 

embodiments, adjacent ones of the second active fins 14 in the second direction may not be 

arranged in a straight line extending in the second direction but may be arranged in a zig-zag 

fashion in the second direction. 

[0040] A first insulating interlayer 18 may be formed on the first and second active fins 12 

and 14 and the isolation layer 16.  An upper surface of the first insulating interlayer 18 may be 

substantially flat.  The upper surface of the first insulating interlayer 18 may be higher than 

upper surfaces of the first and second active fins 12 and 14.  Thus, the first insulating 

interlayer 18 may cover the first and second active fins 12 and 14. 

[0041] The first insulating interlayer 18 may include an opening 20 or a plurality of openings 

20.  The opening 20 may extend in the second direction across the first and second active fins 
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12 and 14.  The upper surfaces and sidewalls of the first and second active fins 12 and 14 may 

be exposed by the opening 20. 

[0042] The gate structure 30 may be formed in the opening 20.  The gate structure 30 may 

extend in the second direction.  In some embodiments, a plurality of gate structures 30 may be 

formed in the plurality of openings 20.   

[0043] The gate structure 30 may include a gate insulation layer 30a, a gate electrode 30b and 

a capping pattern 30c.  The gate insulation layer 30a may be formed on sidewalls and a 

bottom of the opening 20.  Thus, the gate insulation layer 30a may be conformally formed on 

surfaces of the first and second active fins 12 and 14.  The gate electrode 30b may be formed 

on the gate insulation layer 30a, and may fill a lower portion of the opening 20.  That is, the 

gate insulation layer 30a may surround sidewalls and a bottom of the gate electrode 30b.  The 

capping pattern 30c may be formed on the gate electrode 30b, and may fill an upper portion of 

the opening 20. 

[0044] In some embodiments, one of gate structures 30 may extend across at least one of the 

first active fins 12 and at least one of the second active fins 14. 

[0045] In some embodiments, the gate structure 30 may cross the straight line extension 

portion 12a of the first active fin 12 and the second active fin 14.  That is, the gate structure 30 

may not cross the bent portion 12b of the first active fin 12. 

[0046] The gate structure 30 may include a first end and a second end in the second direction.  

A portion of the gate structure 30 adjacent to one of the first and second ends may extend 

across the straight line extension portion 12a of the first active fin 12. 

[0047] The first active fin 12 may have a wavy shape so that a first distance d1 between one 

of the first and second ends of the gate structure 30 and the first active fin 12 in the second 

direction may increase, when compared to that between the one of the first and second ends 

and a first active fin having a straight line shape.  The bent portions 12b contacting the straight 

line extension portion 12a crossing the gate structure 30 may be bent to increase the first 

distance d1 in the second direction between the one of the first and second end portions of the 

gate structure 30 and the first active fin 12.  Thus, one of the straight line extension portions 

12a of the first active fin 12 crossing the gate structure 30 may be closer to a central portion of 
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the gate structure 30 in the second direction, when compared to other ones of the straight line 

extension portions 12a of the first active fin 12 adjacent thereto in the first direction. 

[0048] As the first distance d1 in the second direction between the end of the gate structure 30 

and the first active fin 12 is increased, failures of a transistor formed on an edge portion of the 

first active fin 12 may decrease. 

[0049] Particularly, as shown in FIGS. 3 and 4, the gate structure 30 may be formed in the 

opening 20 in the first insulating interlayer 18.  The opening 20 may be formed by forming a 

dummy gate including, e.g., polysilicon on the first and second active fins 12 and 14 and 

removing the dummy gate. 

[0050] The lower portion of the opening 20 corresponding to the end portion of the gate 

structure 30 in the second direction may be isolated by the first insulating interlayer 18 and the 

first active fin 12.  When the first distance d1 between an end in the second direction of the 

opening 20 and the sidewall of the first active fin 12 in the opening 20 is decreased, an 

internal space of the opening 20 may decrease.  Thus, when the dummy gate is removed to 

form the opening 20, a portion of the dummy gate may remain in the opening 20.  Even if the 

opening 20 is normally formed without the remaining portion of the dummy gate, forming a 

gate structure 30 including a metal in the opening 20 having a narrow space may not be easy. 

[0051] However, in some embodiments, as described above, the first active fin 12 may 

include the straight line extension portion 12a and the bent portion 12b, so that a length in the 

second direction of the opening 20 corresponding to an end portion of the gate structure 30 

may increase.  Removing the dummy gate for forming the opening 20 and forming the gate 

structure in the opening 20 may be more easily performed.  Thus, failures of the transistor 

including the end portion of the gate structure 30 may decrease. 

[0052] In some embodiments, as shown in FIG. 1, a first portion 40 adjacent to the first end of 

the gate structure 30 may cross the straight line extension portion 12a of the first active fin 12.  

Thus, the first distance d1 between the first end of the gate structure 30 and the first active fin 

12 may increase.  A second portion 42 adjacent to the second end of the gate structure 30 may 

cross the second active fin 14.  A second distance d2 between the second end of the gate 

structure 30 and the second active fin 14 may be greater than the first distance d1.  When the 

second distance d2 is sufficiently long, the second portion 42 of the gate structure 30 may 
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cross the second active fin 14 with no bent portion without an increase in failures of the 

transistor. 

[0053] In some embodiments, as shown in FIG. 2, each of the first edge portion 40 adjacent to 

the first end of the gate structure 30 and the second edge portion 42 adjacent to the second end 

of the gate structure 30 may cross a respective straight line extension portion 12a of a 

respective first active fin 12.  The second active fins 14 may be formed between the first 

active fins 12 in the second direction.  Thus, each of the first distance d1 between the first end 

of the gate structure 30 and the first active fin 12 and the second distance d2 between the 

second end of the gate structure 30 and the first active fin 12 may increase. 

[0054] The layout of elements in the semiconductor device may be applied to a layout of cells 

in an SRAM device. 

[0055] FIG. 5 is a circuit diagram illustrating unit cells of an SRAM according to some 

embodiments of the inventive concepts.  FIG. 6 is a plan view illustrating a layout of cells of 

an SRAM according to some embodiments of the inventive concepts.  FIG. 7 is a cross-

sectional view taken along line I-I’ in FIG. 6 according to some embodiments of the inventive 

concepts. 

[0056] In FIGS. 6 and 7, contact plugs and wiring are not shown, for convenience of 

explanation.  Hereinafter, one unit cell in the layout may be mainly described.  The unit cells 

may be repeatedly arranged.  In some embodiments, the unit cells may be symmetric with 

each other. 

[0057] Referring to FIGS. 5 to 7, a unit cell in an SRAM may include a first active fin 112, a 

second active fin 114, a third active fin 116, a fourth active fin 118, a first gate structure 130, a 

second gate structure 132, a third gate structure 134 and a fourth gate structure 136. 

[0058] The first active fin 112 may be in a first row, and may extend in the first direction.  

The second active fin 114 may be in a second row, and may extend in the first direction.  The 

second row may be spaced apart from the first row in the second direction.  A plurality of 

second active fins 114 may be aligned with each other in the second direction and spaced 

apart from each other in the first direction.  The third active fin 116 may be in a third row, and 

may extend in the first direction.  The third row may be spaced apart from the first and second 

rows in the second direction with the second row between the first and third rows.  A plurality 
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of third active fins 116 may be aligned with each other in the second direction and spaced 

apart from each other in the first direction.  Adjacent ones of the second active fins 114 and 

the third active fins 116 may be arranged to be shifted without being aligned to each other in 

the first direction.  The fourth active fin 118 may be in a fourth row, and may extend in the 

first direction.  The fourth row may be spaced apart from the first to third rows in the second 

direction with the third row between the second row and the fourth row.  In other words, the 

second and third active fins 114 and 116 may be between the first active fin 112 and the fourth 

active fin 118 in the second direction. 

[0059] The first active fin 112 may include first straight line extension portions 112a and first 

bent portions 112b with a respective first bent portion 112b between adjacent ones of the first 

straight line extension portions 112a.  The fourth active fin 118 may include fourth straight 

line extension portions 118a and fourth bent portions 118b with a respective fourth bent 

portion 118b between adjacent ones of the fourth straight line extension portions 118a.  The 

first and fourth active fins 112 and 118 may have shapes that are substantially the same as or 

similar to a shape of the first active fin 12 of FIG. 1.  In other words, the first and fourth active 

fins 112 and 118 may have wavy shapes. 

[0060] In some embodiments, the shapes of the first and fourth active fins 112 and 118 may 

be substantially the same as each other.  In some embodiments, the shapes of the first and 

fourth active fins 112 and 118 may be different from each other, or may be symmetric with 

each other. 

[0061] In some embodiments, the second and third active fins 114 and 116 may have straight 

line shapes with no bent portions. 

[0062] In some embodiments, N-type transistors may be formed on the first and fourth active 

fins 112 and 118 and P-type transistors may be formed on the second and third active fins 114 

and 116. 

[0063] The first, second, third and fourth gate structures 130, 132, 134 and 136 may extend in 

the second direction. 

[0064] The first gate structure 130 may cross the first active fin 112.  The first gate structure 

130 on the first active fin 112 may serve as a gate of a first pass transistor P1.  A portion of the 

first gate structure 130 may cross one of the first straight line extension portions 112a of the 
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first active fin 112.  The first straight line extension portion 112a crossing the first gate 

structure 130 may be closer to a central portion of the first gate structure 130 in the second 

direction, when compared to an adjacent one of the first straight line extension portions 112a 

in the first direction.  Thus, a first distance d1 between an end of the first gate structure 130 

and the first active fin 112 may increase.  Accordingly, failures of the first pass transistor P1 

may decrease. 

[0065] The second gate structure 132 may cross both of the first active fin 112 and the second 

active fin 114.  The second gate structure 132 may serve as a common gate of a first pull-

down transistor PD1 and a first pull-up transistor PU1. 

[0066] The second gate structure 132 on the first active fin 112 may serve as a gate of the first 

pull-down transistor PD1.  A first portion of the second gate structure 132 may cross one of 

the straight line extension portions 112a of the first active fin 112.  The first straight line 

extension portion 112a crossing the second gate structure 132 may be closer to a central 

portion of the second gate structure 132 in the second direction, when compared to an adjacent 

one of the first straight line extension portions 112a in the first direction.  Thus, a second 

distance d2 between a first end of the second gate structure 132 and the first active fin 112 

may increase.  Accordingly, failures of the first pull-down transistor PD1 may decrease. 

[0067] The second gate structure 132 on the second active fin 114 may serve as a gate of the 

first pull-up transistor PU1.  A second portion of the second gate structure 132 may extend to 

the third active fin 116.  In some embodiments, a third distance d3 between a second end of 

the second gate structure 132 and the second active fin 114 may be greater than the second 

distance d2. 

[0068] The third gate structure 134 may cross the third active fin 116 and the fourth active fin 

118.  The third gate structure 134 may serve as a common gate of a second pull-down 

transistor PD2 and a second pull-up transistor PU2. 

[0069] The third gate structure 134 on the third active fin 116 may serve as a gate of the 

second pull-up transistor PU2.  A first portion of the third gate structure 134 may extend to the 

second active fin 114.  A distance between a first end of the third gate structure 134 and the 

third active fin 116 may be a fourth distance d4. 
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[0070] The third gate structure 134 on the fourth active fin 118 may serve as a gate of the 

second pull-down transistor PD2.  A second portion of the third gate structure 134 may cross 

one of the straight line extension portions 118a of the fourth active fin 118.  The fourth 

straight line extension portion 118a crossing the third gate structure 134 may be closer to a 

central portion of the third gate structure 134 in second direction, when compared to an 

adjacent one of the fourth straight line extension portions 118a in the first direction.  Thus, a 

fifth distance d5 between a second end adjacent to the second portion of the third gate 

structure 134 and the fourth active fin 118 may increase.  Accordingly, failures of the second 

pull-down transistor PD1 may decrease.  The fourth distance d4 may be greater than the fifth 

distance d5. 

[0071] The fourth gate structure 136 may cross the fourth active fin 118.  The fourth gate 

structure 136 on the fourth active fin 118 may serve as a gate of a second pass transistor P2.  

A portion of the fourth gate structure 136 may cross one of the fourth straight line extension 

portions 118a of the fourth active fin 118.  The fourth straight line extension portion 118a 

crossing the fourth gate structure 136 may be closer to a central portion of the fourth gate 

structure 136 in the second direction, when compared to an adjacent one of the fourth straight 

line extension portions 118a in the first direction.  Thus, a sixth distance d6 between an end of 

the fourth gate structure 136 and the fourth active fin 118 may increase.  Accordingly, failures 

of the second pass transistor P2 may decrease. 

[0072] The first, second, third and fourth gate structures 130, 132, 134 and 136 may be 

formed in the openings in the first insulating interlayer, respectively.  The first, second, third 

and fourth gate structures 130, 132, 134 and 136 may include a metal.  The first, second, third 

and fourth gate structures 130, 132, 134 and 136 may have stack structures substantially the 

same as or similar to a stack structure of the gate structure 30 illustrated with reference to 

FIGS. 1 to 4. 

[0073] Portions of the first, second, third and fourth active fins 112, 114, 116 and 118 

between the first, second, third and fourth gate structures 130, 132, 134 and 136 may serve as 

impurity regions of the transistors. 

[0074] Referring to FIG. 7, a first recess may be formed on the first active fin 112 between the 

first and second gate structures 130 and 132.  A second recess may be formed on the second 
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active fin 114 between the second and third gate structures 132 and 134.  A third recess may 

be formed on the third active fin 116 between the second and third gate structures 132 and 

134.  A fourth recess may be formed on the fourth active fin 118 between the third and fourth 

gate structures 134 and 136. 

[0075] A first epitaxial pattern 140 may fill the first recess.  The first epitaxial pattern 140 

may protrude in the second direction from the first active fin 112.  The first epitaxial pattern 

140 may serve as an impurity region of an N-type transistor.  The first epitaxial pattern 140 

may include silicon.  The first epitaxial pattern 140 may include n-type impurities. 

[0076] A second epitaxial pattern 142 may fill the second recess.  The second epitaxial pattern 

142 may protrude in the second direction from the second active fin 114.  The second epitaxial 

pattern 142 may serve as an impurity region of a P-type transistor.  The second epitaxial 

pattern 142 may include silicon germanium.  The second epitaxial pattern 142 may include p-

type impurities. 

[0077] A third epitaxial pattern 144 may fill the third recess.  The third epitaxial pattern 144 

may protrude in the second direction from the third active fin 116.  The third epitaxial pattern 

144 may serve as an impurity region of a P-type transistor.  The third epitaxial pattern 144 

may include silicon germanium.  The third epitaxial pattern 144 may include p-type 

impurities. 

[0078] A fourth epitaxial pattern 146 may fill the fourth recess.  The fourth epitaxial pattern 

146 may protrude in the second direction from the fourth active fin 118.  The fourth epitaxial 

pattern 146 may serve as an impurity region of an N-type transistor.  The fourth epitaxial 

pattern 146 may include silicon.  The fourth epitaxial pattern 146 may include n-type 

impurities. 

[0079] The first gate structure 130 of the first pass transistor P1 and the second gate structure 

132 of the first pull-down transistor PD1 may cross the first active fin 112 having the wavy 

shape, so that the first and second distances d1 and d2 may increase.  The third gate structure 

134 of the second pull-down transistor PD2 and the fourth gate structure 136 of the second 

pass transistor P2 may cross the fourth active fin 118 having the wavy shape, so that the fifth 

and sixth distances d5 and d6 may increase.  Thus, failures of the first pass transistor, the first 
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pull-down transistor, the second pull-down transistor and the second pass transistor formed on 

the first and fourth active fins 112 and 118 may decrease. 

[0080] FIG. 8 is a plan view illustrating a layout of a semiconductor device according to some 

embodiments of the inventive concepts. 

[0081] The semiconductor device of FIG. 8 may be substantially the same as or similar to the 

semiconductor device of FIG. 1, except for the shapes of second active fins. 

[0082] Referring to FIG. 8, a plurality of first active fins 12 and a plurality of second active 

fins 15 may protrude upwardly from an upper surface of the substrate 10.  The gate structure 

30 may be formed on the first and second active fins 12 and 15, may extend across the first 

and second active fins 12 and 15. 

[0083] The first active fin 12 may be substantially the same as or similar to that illustrated 

with reference to FIG. 1.  That is, the first active fin 12 may include the first straight line 

extension portion 12a and the first bent portion 12b, and may have a wavy shape. 

[0084] The second active fin 15 may include second straight line extension portions 15a and a 

second bent portion 15b therebetween.  In some embodiments, a plurality of second active fins 

15 may be spaced apart from each other in the first direction. 

[0085] In some embodiments, the second active fin 15 may extend in the first direction 

without being cut in the middle thereof. 

[0086] In some embodiments, each of the gate structures 30 may extend in the first direction. 

[0087] In some embodiments, each of the gate structures 30 may cross both of at least one of 

the first active fins 12 and at least one of the second active fins 15.  In some embodiments, 

two parallel gate structures 30 may be formed on one of the second active fins 15.  Thus, two 

transistors may be formed on one of the second active fin 15. 

[0088] In some embodiments, a portion 40 adjacent to at least one end of the gate structure 30 

may cross the first straight line extension portion 12a of the first active fin 12.  One of the first 

straight line extension portions 12a crossing the gate structure 30 may be closer to a central 

portion of the gate structure 30 in the second direction, when compared to another one of the 

straight line extension portions 12a adjacent thereto in the first direction.  Thus, failures of the 

gate structure 30 may decrease. 
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[0089] The gate structure 30 may cross the second bent portion 15b of the second active fin 

15.  That is, the second bent portion 15b may be overlapped with a lower surface of the gate 

structure 30.  A bending direction of the second bent portion 15b may be the same as or 

similar to that of a bending direction of one of the first bent portions 12b corresponding 

thereto in the second direction. 

[0090] A first impurity region 60 may be formed at the first active fin 12 between the first 

gate structures 30.  In some embodiments, the first impurity region 60 may be formed at the 

first straight line extension portion 12a between the first bent portions 12b.  A second impurity 

region 62 may be formed at the second active fin 15 between the gate structures 30.  That is, 

the second impurity region 62 may be formed at the second straight line extension portion 15a 

between the second bent portions 15b. 

[0091] When the second active fin 15 includes the second bent portion 15b, a distance d in the 

second direction between the first and second impurity regions 60 and 62 may increase.  Thus, 

failures due to a small distance between the first and second impurity regions 60 and 62 may 

decrease. 

[0092] The layout of elements in the semiconductor device may be applied to a layout of cells 

in an SRAM device. 

[0093] FIG. 9 is a plan view illustrating a layout of cells of an SRAM according to some 

embodiments of the inventive concepts. 

[0094] Referring to FIG. 9, the unit cell in the SRAM may include the first active fin 112, the 

second active fin 115, the third active fin 117, the fourth active fin 118, the first gate structure 

130, the second gate structure 132, the third gate structure 134 and the fourth gate structure 

136. 

[0095] The first active fin 112 in a first row may be substantially the same as or similar to that 

illustrated with reference to FIG. 6.  The fourth active fin 118 in a fourth row may be 

substantially the same as or similar to that illustrated with reference to FIG. 6.  Each of the 

first and fourth active fins 112 and 118 may have a wavy shape. 

[0096] The second active fin 115 in a second row may include second straight line extension 

portions 115a and a second bent portion 115b between the second straight line extension 
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portions 115a.  A plurality of second active fins 115 may be arranged in the first direction to 

be spaced apart from each other. 

[0097] The third active fin 117 in a third row may include third straight line extension 

portions 117a and a third bent portion 117b between the second straight line extension 

portions 117a.  A plurality of third active fins 117 may be arranged in the first direction to be 

spaced apart from each other. 

[0098] The second and the third active fins 115 and 117 may be shifted without being aligned 

to each other in the second direction. 

[0099] The first, second, third and fourth gate structures 130, 132, 134 and 136 may extend in 

the second direction.  In the transistors, functions of the first, second, third and fourth gate 

structures 130, 132, 134 and 136 may be substantially the same as or similar to functions of 

the first, second, third and fourth gate structures illustrated with reference to FIG. 6, 

respectively. 

[0100] The first and fourth gate structures 130 and 136 may have a layout substantially the 

same as or similar to that of the first and fourth gate structures illustrated with reference to 

FIG. 6, respectively. 

[0101] The first portion of the second gate structure 132 may cross the first straight line 

extension portion 112a of the first active fin 112.  One of the first straight line extension 

portions 112a crossing the second gate structure 132 may be closer to a center portion of the 

second gate structure 132 in the second direction, when compared to another one of the first 

straight line extension portions 112a in the first direction.  The second gate structure 132 may 

cross the second bent portion 115b of the second active fin 115.  The second portion of the 

second gate structure 132 may extend to the third active fin 117.  A bending direction of the 

second bent portion 115b may be the same as or similar to a bending direction of the first bent 

portion112b corresponding to the second bent portion 115b in the second direction. 

[0102] The third gate structure 134 may cross the third bent portion 117b of the third active 

fin 117.  The first portion of the third gate structure 134 may extend to the second active fin 

115.  The second portion of the third gate structure 134 may cross the fourth straight line 

extension portion 118a of the fourth active fin 118.  One of the fourth straight line extension 

portions 118a crossing the third gate structure 134 may be closer to a center portion of the 
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third gate structure 134 in the second direction, when compared to another one of the fourth 

straight line extension portions 118a in the first direction.  A bending direction of the third 

bent portion 117b may be the same as or similar to a bending direction of the fourth bent 

portion 118b corresponding to the third bent portion 117b in the second direction. 

[0103] Each of the first, second, third and fourth active fins 112, 115, 117 and 118 between 

the first, second, third and fourth gate structures 130, 132, 134 and 136 may serve as an 

impurity region of one of the transistors.  In some embodiments, as illustrated with reference 

to FIGS. 6 and 7, the first, second, third and fourth active fins 112, 115, 117 and 118 may 

include recesses, respectively.  The first, second, third and fourth epitaxial patterns doped with 

impurities may be formed in the recesses, respectively. 

[0104] As the first and fourth active fins 112 and 118 may have wavy shapes, failures of the 

gate structures 130 and 136 formed on the first and fourth active fins 112 and 118 may 

decrease.  As the second and third active fins 115 and 117 may have wavy shapes, a distance 

in the second direction d between the impurity regions may increase. 

[0105] FIG. 10 is a plan view illustrating a layout of cells of an SRAM according to some 

embodiments of the inventive concepts.  FIG. 11 is a cross-sectional view taken along line II-

II’ in FIG. 10 according to some embodiments of the inventive concepts. 

[0106] In FIG. 10, contact plugs are shown, while the contact plugs are not shown in FIG. 11. 

[0107] The unit cell in the SRAM may be substantially the same as or similar to the unit cell 

in the SRAM illustrated with reference to FIG. 9, except for the shapes of first, second, third 

and fourth active fins. 

[0108] Referring to FIGS. 10 and 11, a unit cell in the SRAM may include a first active fin 

122, a second active fin 124, a third active fin 126, a fourth active fin 128, the first gate 

structure 130, the second gate structure 132, the third gate structure 134 and the fourth gate 

structure 136. 

[0109] The first active fin 122 in a first row may extend in the first direction with no bent 

portion. 

[0110] The second active fin 124 in a second row may include second straight line extension 

portions 124a and a second bent portion 124b between the second straight line extension 

portions 124a.  The third active fin 126 in a third row may include third straight line extension 
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portions 126a and a third bent portion 126b between the second straight line extension 

portions 126a.  The second and third active fins 124 and 126 may be substantially the same as 

or similar to the second and third active fins 115 and 117, respectively, illustrated with 

reference to FIG. 9. 

[0111] The fourth active fin 128 in a fourth row may extend in the first direction with no bent 

portion. 

[0112] The first, second third and fourth gate structures 130, 132, 134 and 136 may extend in 

the second direction.  Functions and arrangements of the first, second third and fourth gate 

structures 130, 132, 134 and 136 may be substantially the same as or similar to functions and 

arrangements of those illustrated with reference to FIG. 6. 

[0113] Two second gate structures 132 may be formed on one of the second active fins 124.  

A first portion of the second gate structure 132 may cross the second bent portion 124b of the 

second active fin 124.  The second bent portion 124b may be bent so that a distance in the 

second direction from the second active fin 124 between the two the second gate structures 

132 to the first active fin 122 may increase. 

[0114] In the same manner, the third gate structure 134 may cross the third bent portion 126b 

of the third active fin 126.  Two third gate structures 134 may be formed on the one of third 

active fins 126.  The third bent portion 126b may be bent so that an eighth distance d8 in the 

second direction from the third active fin 126 between the two the third gate structure 134 to 

the fourth active fin 128 may increase. 

[0115] Each of the first, second, third and fourth active fins 122, 124, 126 and 128 between 

the first, second, third and fourth gate structures 130, 132, 134 and 136 may serve as an 

impurity region of one of the transistors.  In some embodiments, as illustrated with reference 

to FIGS. 6 and 7, the first, second, third and fourth active fins 122, 124, 126 and 128 may 

include recesses, respectively.  The first, second, third and fourth epitaxial patterns 140, 142, 

144 and 146 (refer to FIG. 7) may fill the recesses, respectively. 

[0116] The first and fourth epitaxial patterns 140 and 146 may include silicon, and may be 

doped with N-type impurities.  The second and third epitaxial patterns 142 and 144 may 

include silicon germanium, and may be doped with P-type impurities.  The first, second, third 
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and fourth epitaxial patterns 140, 142, 144 and 146 may protrude in the second direction from 

the first, second, third and fourth active fins 122, 124, 126 and 128, respectively. 

[0117] In some embodiments, the second epitaxial pattern 142 may be formed on the second 

active fin 124 between two second gate structures 132.  The first epitaxial pattern 140 may be 

formed on the first active fin 122 between two second gate structures 132.  A first contact plug 

150 and a second contact plug 152 may be formed on the first and second epitaxial patterns 

140 and 142, respectively.  The first and second contact plugs 150 and 152 may not be 

electrically short. 

[0118] The first epitaxial pattern 140 may be formed by a first selectively epitaxial growth 

process, so that the first epitaxial pattern 140 may protrude in the second direction from the 

first active fin 122, as shown in FIG. 11.  The second epitaxial pattern 142 may be formed by 

a second selectively epitaxial growth process, so that the second epitaxial pattern 142 may 

protrude in the second direction from the second active fin 124, as shown in FIG. 11.  Thus, 

when a distance between the first and second epitaxial patterns 140 and 142 decreases, an 

electrical short between the first and second epitaxial patterns 140 and 142 may occur. 

[0119] However, in some embodiments, the second active fin 124 may have a wavy shape, so 

a seventh distance d7 between first and second active fins 122 and 124, which may be formed 

between the second gate structures 132, may increase.  Thus, the electrical short between the 

first and second epitaxial patterns 140 and 142 may decrease. 

[0120] Similarly, two the third gate structures 134 may cross one of the third active fins 126.  

The third epitaxial pattern 144 (refer to FIG. 7) may be formed on the third active fin 126 

between two the third gate structures 134.  The fourth epitaxial pattern 146 (refer to FIG. 7) 

may be formed on the fourth active fin 128 between two the third gate structures 134.  A third 

contact plug 154 and a fourth contact plug 156 may be formed on the third and fourth epitaxial 

patterns 144 and 146, respectively. 

[0121] The third active fin 126 may have a wavy shape, so the eighth distance d8 in the 

second direction between third and fourth active fins 126 and 128 may increase.  Thus, the 

electrical short between the third and fourth epitaxial patterns 144 and 146 may decrease. 

[0122] In some embodiments, the second epitaxial pattern 142 may be formed at an end 

portion in the first direction of one of the second active fins 124.  The second epitaxial pattern 



20 

 

142 may be electrically connected to one of the first epitaxial patterns 140 corresponding 

thereto in the second direction via a fifth contact plug 158.  The second epitaxial pattern 142 

may be electrically connected to a neighboring one of the third gate structures 134 via a sixth 

contact plug 160. 

[0123] Similarly, the third epitaxial pattern 144 may be formed at an end portion in the first 

direction of one of the third active fins 126.  The third epitaxial pattern 144 may be 

electrically connected to one of the fourth epitaxial patterns 146 corresponding thereto in the 

second direction via a seventh contact plug 162.  The third epitaxial pattern 144 may be 

electrically connected to a neighboring one of the second gate structures 132 via an eighth 

contact plug 164. 

[0124] A ninth contact structure 166 may be formed on the first epitaxial pattern 140 between 

the first gate structures 130.  A tenth contact structure 168 may be formed on the fourth 

epitaxial pattern 146 between the fourth gate structures 136. 

[0125] As described above, the second and the third active fins 124 and 126 may have the 

wavy shapes, so that an electrical short between the epitaxial patterns may decrease. 

[0126] FIG. 12 is a plan view illustrating a layout of cells of an SRAM according to some 

embodiments of the inventive concepts. 

[0127] The unit cell in the SRAM may be substantially the same as or similar to the unit cell 

in the SRAM illustrated with reference to FIG. 6, except for the shapes of the first, second, 

third and fourth active fins. 

[0128] Referring to FIG. 12, a unit cell in the SRAM may include a first active fin 123, a 

second active fin 125, a third active fin 127, a fourth active fin 129, the first gate structure 

130, the second gate structure 132, the third gate structure 134 and the fourth gate structure 

136. 

[0129] The first active fin 123 in a first row may include first straight line extension portions 

123a and a first bent portion 123b between the first straight line extension portions 123a. 

[0130] The second and third active fins 125 and 127 may be in a second row and a third row, 

respectively.  The second and third active fins 125 and 127 may be substantially the same as 

or similar to the second and third active fins 114, 116, respectively, illustrated with reference 

to FIG. 6. 
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[0131] The fourth active fin 129 in a fourth row may include fourth straight line extension 

portions 129a and a fourth bent portion 129b between the fourth straight line extension 

portions 129a. 

[0132] The first, second, third and fourth gate structures 130, 132, 134 and 136 may extend in 

the second direction.  Functions of the first, second third and fourth gate structures 130, 132, 

134 and 136 may be substantially the same as or similar to functions of those illustrated with 

reference to FIG. 6. 

[0133] The first gate structure 130 may extend across the first straight line portion 123a of the 

first active fin 123.  The impurity region may be formed at the first straight line portion 123a 

of the first active fin 123 between the first gate structures 130. 

[0134] The second gate structure 132 may extend across the first and second active fins 123 

and 125.  The second gate structure 132 may cross the first bent portion 123b of the first 

active fin 123.  That is, the second gate structure 132 may be overlapped with the first bent 

portion 123b.  The first bent portion 132b may be bent in a direction to increase the distance 

between the neighboring first and second active fins 123 and 125.  The impurity region may 

be formed at the first straight line portion 123a of the first active fin 123 between the second 

gate structures 132. 

[0135] The third gate structure 134 may extend across the third and fourth active fins 127 and 

129.  The third gate structure 134 may cross the fourth bent portion 129b of the fourth active 

fin 129.  The fourth bent portion 129b may be bent in a direction to increase the distance 

between the neighboring third and fourth active fins 127 and 129.  The impurity region may 

be formed at the fourth straight line extension portion 129a of the fourth active fin 129 

between the third gate structures 134. 

[0136] The fourth gate structure 136 may extend across the fourth straight line extension 

portion 129a of the fourth active fins 129.  The impurity region may be formed at the fourth 

straight line portion 129a of the fourth active fin 129 between the fourth gate structures 136. 

[0137] As described with reference to FIG. 7, the first, second, third and fourth epitaxial 

patterns 140, 142, 144 and 146 may be formed at the first, second, third and fourth active fins 

123, 125, 127 and 129 between the gate structures 130, 132 134 and 136, respectively.  As 
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described with reference to FIG. 10, the first, second, third, fourth, fifth, sixth, seventh, eighth, 

ninth, tenth contact plugs 150, 152, 154, 156, 158, 160, 162, 164, 166 and 168 may be formed. 

[0138] As described above, the first active fin 123 may have a wavy shape, so that the seventh 

distance d7 in the second direction between the first and second active fins 123 and 125 

formed between the second gate structures 132 may increase.  Thus, an electrical short 

between the first and second epitaxial patterns 140 and 142 may decrease.  The fourth active 

fin 129 may have a wavy shape, so that the eighth distance d8 in the second direction between 

the third and fourth active fins 127 and 129 formed between the third gate structures 134 may 

increase.  Thus, an electrical short between the third and fourth epitaxial patterns 144 and 146 

may decrease. 

[0139] FIG. 13 is a plan view illustrating a layout of cells of an SRAM according to some 

embodiments of the inventive concepts. 

[0140] Referring to FIG. 13, a unit cell in the SRAM may include the first active fin 123, the 

second active fin 124, the third active fin 126, the fourth active fin 129, the first gate structure 

130, the second gate structure 132, the third gate structure 134 and the fourth gate structure 

136. 

[0141] The first active fin 123 in a first row may include the first straight line extension 

portions 123a and the first bent portion 123b between the first straight line extension portions 

123a.  The first active fin 123 may be substantially the same as or similar to that illustrated 

with reference to FIG. 12. 

[0142] The second active fin 124 in a second row may include the second straight line 

extension portions 124a and the second bent portion 124b between the second straight line 

extension portions 124a.  The third active fin 126 in a third row may include the third straight 

line extension portions 126a and the third bent portion 126b between the third straight line 

extension portions 126a.  The second and third active fins 124 and 126 may be substantially 

the same as or similar to those illustrated with reference to FIG. 10. 

[0143] The fourth active fin 129 in a fourth row may include the fourth straight line extension 

portions 129a and the fourth bent portion 129b between the fourth straight line extension 

portions 129a.  The fourth active fin 129 may be substantially the same as or similar to that 

illustrated with reference to FIG. 12. 
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[0144] In the transistors, functions of the first, second, third and fourth gate structures 130, 

132, 134 and 136 may be substantially the same as or similar to functions of those illustrated 

with reference to FIG. 6, respectively. 

[0145] The first gate structure 130 may extend across the first straight line extension portion 

123a of the first active fin 123.  The first gate structure 130 may be substantially the same as 

or similar to that illustrated with reference to FIG. 12. 

[0146] The second gate structure 132 may extend across the first bent portion 123b of the first 

active fin 123 and the second bent portion 124b of the second active fin 124.  That is, the 

second gate structure 132 may be overlapped with the first bent portion 123b and the second 

bent portion 124b.  Each of the first and second bent portions 123b and 124b may be bent in a 

direction to increase the distance between the neighboring first and second active fins 123 and 

124.  As shown in FIG. 13, the first and second bent portions 123b and 124b may be 

symmetric with respect to the first direction. 

[0147] The third gate structure 134 may extend across the third bent portion 126b of the third 

active fin 126 and the fourth bent portion 129b of the fourth active fin 129.  That is, the third 

gate structure 134 may be overlapped with the third bent portion 126b and the fourth bent 

portion 129b.  Each of the third and fourth bent portions 126b and 129b may be bent in a 

direction to increase the distance between the neighboring third and fourth active fins 126 and 

129.  As shown in FIG. 13, the third and fourth bent portions 126b and 129b may be 

symmetric with respect to the first direction. 

[0148] The fourth gate structure 136 may extend across the fourth straight line extension 

portion 129a of the fourth active fin 129.  The fourth gate structure 136 may be substantially 

the same as or similar to that illustrated with reference to FIG. 12. 

[0149] As described with reference to FIG. 7, the first, second, third and fourth epitaxial 

patterns may be formed at the first, second, third and fourth active fins 123, 124, 126 and 129 

between the gate structures 130, 132, 134 and 136, respectively.  As described with reference 

to FIG. 9, the first, second, third, fourth, fifth, sixth, seventh, eighth, ninth, tenth contact plugs 

150, 152, 154, 156, 158, 160, 162, 164, 166 and 168 may be formed. 

[0150] As described above, each of the first and second active fins 123 and 124 may have a 

wavy shape, so that the seventh distance d7 in a second direction between the first and second 
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active fins 123 and 124 formed between the second gate structures 132 may increase.  Each of 

the third and fourth active fins 126 and 129 may have a wavy shape, so that the eighth 

distance d8 in the second direction between the third and fourth active fins 126 and 129 

formed between the third gate structures 134 may increase. 

[0151] FIG. 14 is a plan view illustrating a layout of cells of an SRAM according to some 

embodiments of the inventive concepts. 

[0152] A unit cell in the SRAM may be substantially the same as or similar to the unit cell in 

the SRAM illustrated with reference to FIG. 10, except for the shapes of the second and third 

active fins. 

[0153] Referring to FIG. 14, a unit cell in the SRAM may include the first active fin 122, a 

second active fin 172, a third active fin 174, the fourth active fin 128, the first gate structure 

130, the second gate structure 132, the third gate structure 134 and the fourth gate structure 

136. 

[0154] The second active fin 172 in a second row may include second straight line extension 

portions 172a and a second bent portion 172b between the second straight line extension 

portions 172a.  The second straight line extension portion 172a may extend in the second 

direction.  Two connected second bent portions 172b may be formed between the second 

straight line extension portions 172a.  Each of the second bent portions 172b may extend in an 

oblique direction with respect to the first direction. 

[0155] In some embodiments, one of the second active fins 172 may include two second 

straight line extension portions 172a and two adjacent second bent portions 172b between the 

two the second straight line extension portions 172a.  The two adjacent second bent portions 

172b may be bent in a direction to be symmetric with each other, and each of the second bent 

portions 172b may contact an end of a respective second straight line extension portion 172a.  

Thus, a contact portion between the two adjacent second bent portions 172b may have a shape 

of a cusp.  In other words, the contact portion between the two adjacent second bent portions 

172b may be a pointed portion. 

[0156] The contact portion of the second bent portions 172b may be between the second gate 

structures 132.  Each of the second bent portions 172b may be bent to increase the distance 
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between the neighboring first and second active fins 122 and 172.  The second gate structure 

172b may cross the second bent portion 172. 

[0157] The third active fin 174 in a third row may include third straight line extension 

portions 174a and a third bent portion 174b between the third straight line extension portions 

174a.  A contact portion having a cusp shape of the third bent portions 174b may be between 

the third gate structures 134.  The third active fin 174 may have a shape substantially the same 

as or similar to a shape of the second active fin 172.  Each of the third bent portions 174b may 

be bent to increase the distance between the neighboring third and fourth active fins 174 and 

128.  The third gate structure 134 may cross the third bent portion 174b. 

[0158] As described above, the second and third active fins 172 and 174 may have the second 

bent portion 172b and the third bent portion 174b, respectively.  Thus, an electrical short 

between the epitaxial patterns may decrease. 

[0159] FIG. 15 is a plan view illustrating a layout of cells of an SRAM according to some 

embodiments of the inventive concepts. 

[0160] A unit cell in the SRAM may be substantially the same as or similar to the unit cell in 

the SRAM illustrated with reference to FIG. 12, except for the shapes of the first and fourth 

active fins. 

[0161] Referring to FIG. 15, a unit cell in the SRAM may include a first active fin 170, the 

second active fin 125, the third active fin 127, a fourth active fin 176, the first gate structure 

130, the second gate structure 132, the third gate structure 134 and the fourth gate structure 

136. 

[0162] The first active fin 170 in a first row may extend in the first direction, and may include 

first straight line extension portions 170a and a first bent portion 170b.  In some embodiments, 

ends of two the first bent portions 170b may contact each other.  Thus, a contact portion 

between the two the first bent portions 170b may have a shape of a cusp.  The contact portion 

of the first bent portions 170b may be between the second gate structures 132.  The first bent 

portion 170b may be bent in a direction to increase the distance between the neighboring first 

and second active fins 170 and 125.  The second gate structure 132 may cross the first bent 

portion 170b. 
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[0163] The fourth active fin 176 in a fourth row may extend in the first direction, and may 

include fourth straight line extension portions 176a and a fourth bent portion 176b.  The fourth 

active fin 176 may have a shape substantially the same as or similar to a shape of the first 

active fin 170.  The fourth bent portion 176b may be bent in a direction to increase the 

distance between the neighboring third and fourth active fins 127 and 176.  The third gate 

structure 134 may cross the fourth bent portion 176b. 

[0164] As described above, the first and fourth active fins 170 and 176 may have the first bent 

portion 170b and the fourth bent portion 176b, respectively.  Thus, an electrical short between 

the epitaxial patterns may decrease. 

[0165] FIG. 16 is a plan view illustrating a layout of cells of an SRAM according to some 

embodiments of the inventive concepts. 

[0166] Referring to FIG. 16, a unit cell in the SRAM may include the first active fin 170, the 

second active fin 172, the third active fin 174, the fourth active fin 176, the first gate structure 

130, the second gate structure 132, the third gate structure 134 and the fourth gate structure 

136. 

[0167] The first active fin 170 in a first row and the fourth active fin 176 in a fourth row may 

be substantially the same as or similar to those illustrated with reference to FIG. 15. 

[0168] The second active fin 172 in a second row and the third active fin 174 in a third row 

may be substantially the same as or similar to those illustrated with reference to FIG. 14. 

[0169] The first, second, third and fourth active fins 170, 172, 174 and 176 may have the first, 

second, third and fourth bent portions 170b, 172b, 174b and 176b, respectively.  Thus, an 

electrical short between the epitaxial patterns may decrease. 

[0170] FIG. 17 is a plan view illustrating a layout of cells of the SRAM according to some 

embodiments of the inventive concepts. 

[0171] Referring to FIG. 17, a unit cell in the SRAM may include a first active fin 180, the 

second active fin 125, the third active fin 127, a fourth active fin 182, the first gate structure 

130, the second gate structure 132, the third gate structure 134 and the fourth gate structure 

136. 

[0172] The first active fin 180 in a first row and the fourth active fin 182 in a fourth row may 

extend in the first direction. 
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[0173] The second active fin 125 in a second row and the third active fin 127 in a third row 

may be substantially the same as or similar to those illustrated with reference to FIG. 6, 

respectively.  That is, each of the first, second, third and fourth active fins 180, 125, 127 and 

182 may have a straight line shape with no bent portions. 

[0174] The first gate structure 190 may cross the first active fin 180.  The first gate structure 

190 may include first extension portions 190a extending in the second direction and a first 

bent portion 190b between the first extension portions 190a.  The first bent portion 190b may 

be bent in an oblique direction with respect to the second direction.  The first extension 

portion 190a may be perpendicular to the first active fin 180, and the first bent portion 190b 

may be overlapped with an isolation region between first active fins 180. 

[0175] The second gate structure 192 may cross both of the first and second active fins 180 

and 125.  The second gate structure 192 may extend to the third active fin 127.  The second 

gate structure 192 may include second extension portions 192a extending in the second 

direction and a second bent portion 192b between the second extension portions 192a. 

[0176] The second extension portion 192a may be perpendicular to each of the first active fin 

180 and the second active fin 125.  The second bent portion 192b may be overlapped with an 

isolation region between first and second active fins 180 and 125. 

[0177] The third gate structure 194 may cross both of the third and fourth active fins 127 and 

182.  The third gate structure 194 may extend to the second active fin 125.  The third gate 

structure 194 may include third extension portions 194a extending in the second direction and 

a third bent portion 194b between the third extension portions 194a.  The third bent portion 

194b may be bent in an oblique direction with respect to the second direction. 

[0178] The third extension portion 194a may be perpendicular to the third active fin 127 and 

the fourth active fin 182.  The third bent portion 194b may be overlapped with an isolation 

region between third and fourth active fins 127 and 182. 

[0179] The fourth gate structure 196 may cross the fourth active fin 182.  The fourth gate 

structure 196 may include fourth extension portions 196a extending in the second direction 

and a fourth bent portion 196b between the fourth extension portions 196a.  The fourth bent 

portion 196b may be bent in an oblique direction with respect to the second direction.  The 

fourth extension portion 196a may be vertically overlapped with the fourth active fin 182, and 
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the fourth bent portion 196b may be overlapped with an isolation region between fourth active 

fins 182. 

[0180] Recesses may be formed on the first, second, third and fourth active fins 180, 125, 127 

and 182 between the first to fourth gate structures 190, 192, 194 and 196.  The first, second, 

third and fourth epitaxial patterns may fill the recesses, respectively. 

[0181] First and second portions of the first and second active fins 180 and 125, respectively, 

between the second gate structures 192 may be shifted in respect to each other in the first 

direction.  A length in the oblique direction between the first and second portions may 

increase.  Thus, an electrical short between the first and second epitaxial patterns in the first 

and second portions may decrease. 

[0182] Third and fourth portions of the third and fourth active fins 127 and 182, respectively, 

between the third gate structures 194 may be shifted in respect to each other in the first 

direction.  A length in the oblique direction between the third and fourth portions may 

increase.  Thus, an electrical short between the third and fourth epitaxial patterns in the third 

and fourth portions may decrease. 

[0183]  Unless otherwise defined, all terms (including technical and scientific terms) used 

herein have the same meaning as commonly understood by one of ordinary skill in the art to 

which this inventive concepts belongs. It will be further understood that terms, such as those 

defined in commonly used dictionaries, should be interpreted as having a meaning that is 

consistent with their meaning in the context of the relevant art and will not be interpreted in an 

idealized or overly formal sense unless expressly so defined herein. 

[0184] While the inventive concepts have been particularly shown and described with 

reference to some embodiments thereof, those skilled in the art will readily appreciate that 

many modifications are possible without materially departing from the novel teachings and 

advantages of the present inventive concepts.  Accordingly, all such modifications are 

intended to be included within the scope of the present inventive concepts.  Therefore, it is to 

be understood that the foregoing is illustrative of some embodiments and is not to be 

construed as limited to the specific embodiments disclosed, and that modifications to the 

disclosed embodiments, as well as other embodiments, are intended to be included within the 

scope of the following claims. 
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What is claimed is: 

1. A semiconductor device, comprising: 

a first active fin extending in a first direction on a substrate, the first active fin 

comprising a first straight line extension portion, a second straight line extension portion, and 

a bent portion between the first and second straight line extension portions; 

a second active fin extending in the first direction on the substrate; and 

a gate structure extending in a second direction perpendicular to the first direction on 

the substrate, the gate structure crossing one of the first and second straight line extension 

portions of the first active fin and crossing the second active fin; and 

wherein the bent portion extends in an oblique direction with respect to the first 

direction between adjacent ends of the first and second straight line extension portions;  

wherein the bent portion includes a first bent portion and a second bent portion 

contacting respective opposite ends in the first direction of the first straight line extension 

portion, and  

wherein the first and second bent portions are symmetric with respect to each other. 

2. The semiconductor device of claim 1,  

wherein each of the first and second straight line extension portions extends in the first 

direction, and  

wherein the first straight line extension portion is offset in the second direction from 

the second straight line extension portion by the bent portion. 

3. The semiconductor device of claim 1 or claim 2, wherein the first straight line 

extension portion is closer to a central portion of the gate structure in the second direction than 

the second straight line extension portion due to the bent portion. 
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4. The semiconductor device of any of claims 1 to 3,  

wherein the second active fin includes a plurality of second active fins spaced apart 

from each other in the first direction, and  

wherein each of the plurality of second active fins has a straight line shape. 

5. The semiconductor device of any of claims 1 to 4, wherein the second active 

fin has a straight line shape. 

6. The semiconductor device of any of claims 1 to 3,  

wherein the second active fin includes a plurality of second active fins spaced apart 

from each other in the first direction, and  

wherein each of the plurality of second active fins comprises a third straight line 

extension portion, a fourth straight line extension portion, and a second bent portion between 

the third and fourth straight line extension portions. 

7. The semiconductor device of claim 6,  

wherein the gate structure crosses the second bent portion, and  

wherein the second bent portion extends in a bending direction that is substantially the 

same as a bending direction of the bent portion of the first active fin in the second direction. 

8. The semiconductor device of any of claims 1 to 7, further comprising: 

an insulating interlayer on the substrate that covers the first and second active fins, the 

insulating interlayer including an opening crossing the first and second active fins, 

wherein the gate structure is in the opening. 

9. The semiconductor device of claim 8, wherein sidewalls and upper surfaces of 

portions of the first and second active fins are exposed by the opening. 

10. The semiconductor device of any of claims 1 to 9,  

wherein the gate structure includes a gate insulation layer, a gate electrode and a 

capping pattern, the gate electrode including a metal, and 
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wherein the gate insulation layer surrounds sidewalls and a bottom of the gate 

electrode. 

11. A semiconductor device, comprising: 

a first active fin extending in a first direction on a substrate, the first active fin 

comprising a first straight line extension portion, a second straight line extension portion, and 

a first bent portion between the first and second straight line extension portions; 

a plurality of second active fins extending in the first direction on the substrate, the 

plurality of second active fins being spaced apart from each other in the first direction; 

a plurality of third active fins extending in the first direction on the substrate, the 

plurality of third active fins being spaced apart from each other in the first direction, wherein 

the plurality of third active fins are not aligned with the plurality of second active fins in a 

second direction perpendicular to the first direction; 

a fourth active fin extending in the first direction on the substrate, the fourth active fin 

comprising a third straight line extension portion, a fourth straight line extension portion, and 

a second bent portion between the third and fourth straight line extension portions; 

a first gate structure crossing the first straight line extension portion; 

a second gate structure crossing the second straight line extension portion and one of 

the plurality of second active fins; 

a third gate structure crossing one of the third active fins and the third straight line 

extension portion; and 

a fourth gate structure crossing the fourth straight line extension portion; 

wherein the first bent portion extends in an oblique direction with respect to the first 

direction between adjacent ends of the first and second straight line extension portions;  

wherein the first bent portion includes a third bent portion and a fourth bent portion 

contacting respective opposite ends in the first direction of the first straight line extension 

portion, and  

wherein the third and fourth second bent portions are symmetric with respect to each 

other; and 
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wherein the second bent portion extends in an oblique direction with respect to the first 

direction between adjacent ends of the third and fourth straight line extension portions; 

wherein the second bent portion includes a fifth bent portion and a sixth bent portion 

contacting respective opposite ends in the first direction of the third straight line extension 

portion, and  

wherein the fifth and sixth bent portions are symmetric with respect to each other. 

12. The semiconductor device of claim 11,  

wherein the first straight line extension portion is closer to a central portion of the first 

gate structure in the second direction than the second straight line extension portion, and 

wherein the second straight line extension portion is closer to a central portion of the 

second gate structure in the second direction than the first straight line extension portion. 

13. The semiconductor device of claim 11 or claim 12,  

wherein the third straight line extension portion is closer to a central portion of the 

third gate structure in the second direction than the fourth straight line extension portion, and 

wherein the fourth straight line extension portion is closer to a central portion of the 

fourth gate structure in the second direction than the third straight line extension portion. 

14. The semiconductor device of any of claims 11 to 13, wherein each of the 

plurality of second active fins and each of the plurality of third active fins has a straight line 

shape. 

15. The semiconductor device of any of claims 11 to 13,  

wherein each of the plurality of second active fins includes a fifth straight line 

extension portion, a sixth straight line extension portion, and a seventh bent portion between 

the fifth and sixth straight line extension portions,  

wherein each of the plurality of third active fins includes a seventh straight line 

extension portion, an eighth straight line extension portion, and a eighth bent portion between 

the seventh and eighth straight line extension portions,  

wherein the second gate structure crosses the seventh bent portion of one of the 

plurality of second active fins, and  
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wherein the third gate structure crosses the eighth bent portion of one of the plurality 

of third active fins. 

16. The semiconductor device of claim 15,  

wherein the first and seventh bent portions are substantially parallel to each other, and  

wherein the second and eighth bent portions are substantially parallel to each other. 

17. A semiconductor device, comprising: 

a first active fin extending in a first direction on a substrate, the first active fin 

comprising a first straight line extension portion, a second straight line extension portion, and 

an oblique portion connecting the first and second straight line extension portions; 

a second active fin extending in the first direction on the substrate parallel to the first 

and second straight line extension portions of the first active fin; and 

a first gate structure and a second gate structure each extending in a second direction 

perpendicular to the first direction on the substrate, the first and second gate structures each 

crossing the first and second active fins, 

wherein the oblique portion extends in a third direction that is oblique with respect to 

the first and second directions such that a first distance in the second direction between a first 

portion of the first active fin between the first and second gate structures and the second active 

fin is greater than a second distance in the second direction between a second portion of the 

first active fin not between the first and second gate structures and the second active fin; and 

wherein the oblique portion includes a first oblique portion and a second oblique 

portion contacting respective opposite ends of the first straight line extension portion, and  

wherein the first and second oblique portions are symmetric with respect to each other. 

18. The semiconductor device of claim 17,  

wherein each of the first and second straight line extension portions extends in the first 

direction,  

wherein the first straight line extension portion is not collinear with the second straight 

line extension portion, and 
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wherein the oblique portion extends in the third direction between adjacent ends of the 

first and second straight line extension portions in the first direction. 

 




