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FIELD EFFECT TRANSISTOR HAVING FIN concave portions , and the plurality of convex portions may 
BASE AND AT LEAST ONE FIN extend along an extending direction of the plurality of fin 
PROTRUDING FROM FIN BASE portions . 

In example embodiments , the field effect transistor may 
5 further include at least one first trench between the plurality Matter enclosed in heavy brackets [ ] appears in the of fin portions . Top surfaces of the plurality of convex original patent but forms no part of this reissue specifica portions may be lower than a bottom surface of the at least tion ; matter printed in italics indicates the additions one first trench . made by reissue ; a claim printed with strikethrough 

indicates that the claim was canceled , disclaimed , or held 10 further include at least one first trench between the plurality 
In example embodiments , the field effect transistor may 

invalid by a prior post - patent action or proceeding . of fin portions . Top surfaces of the plurality of convex 
portions may be higher than a bottom surface of the at least CROSS - REFERENCE TO RELATED one first trench . APPLICATIONS In example embodiments , the field effect transistor may 
further include a device isolation layer exposing upper This application is a Reissue of U.S. Pat . No. 8,987,836 , portions of the plurality of fin portions and covering top filed on Feb. 28 , 2013 , and which is a U.S. non - provisional surfaces of the plurality of grooves . patent application which claims priority under 35 U.S.C. In example embodiments , the field effect transistor may § 119 to Korean Patent Application No. 10-2012-0042194 , 20 further include at least one first trench between the plurality filed on Apr. 23 , 2012 , in the Korean Intellectual Property of fin portions . A top surface of the device isolation layer is Office , the content of which is incorporated herein by higher than a bottom surface of the at least one first trench . reference in its entirety . According to example embodiments , a field effect tran 

BACKGROUND OF THE INVENTION sistor may include at least one fin portion extending from a 
top surface of a substrate , a device isolation layer exposing 

Example embodiments relate to field effect transistors , an upper portion of the at least one fin portion , a gate 
and in particular , to fin field effect transistors . electrode provided on and crossing the at least one fin 

portion , and a gate dielectric between the at least one fin Due to their small - size , multifunctionality , and / or low 
cost characteristics , semiconductor devices are considered portion and the gate electrode . The top surface of the 
important elements in the electronic industry . The semicon substrate may include a plurality of grooves including a 
ductor devices can be generally classified into a memory plurality of convex portions and a plurality of concave 
device for storing data , a logic device for processing data , portions , and the plurality of convex portions extend parallel 
and a hybrid device including both of memory and logic to the at least one fin portion . 
elements . Due to the increased demand for electronic 35 In example embodiments , the device isolation layer may 
devices with a fast speed and / or a low power consumption , cover top surfaces of the plurality of convex portions . 
the semiconductor device requires a fast operating speed In example embodiments , the at least one fin portion may 
and / or a low operating voltage . To satisfy these technical include a plurality of fin portions spaced apart from each 

other by at least one first trench therebetween , and the field requirements , the semiconductor device needs components with complex structure and is required to have an increased 40 effect transistor may further include a fin base extending 
integration density . from the top surface of the substrate and connected to 

bottom surfaces of the plurality of the fin portions . 
SUMMARY In example embodiments , a top surface of the fin base 

may be defined by a bottom surface of the at least one first 
45 trench , and the bottom surface of the at least one first trench Example embodiments relate to field effect transistors , 

and in particular , to fin field effect transistors . may be higher than top surfaces of the plurality of convex 
portions . Example embodiments provide a field effect transistor In example embodiments , a top surface of the fin base with improved electric characteristics . may be defined by a bottom surface of the at least one first Other example embodiments provide a field effect tran 50 trench , and the bottom surface of the at least one first trench sistor including a plurality of fin portions having the sub may be lower than top surfaces of the plurality of convex stantially same width . portions . 

According to example embodiments , a field effect tran In example embodiments , the plurality of the fin portions 
sistor includes a source region and a drain region on a may connect a source region with a drain region , and upper 
substrate , a fin base protruding from a top surface of the 55 portions of the plurality of the fin portions may have a 
substrate , a plurality of fin portions extending upward from substantially same width as each other . 
the fin base and connecting the source region with the drain In example embodiments , the substrate may include a first 
region , a gate electrode on the plurality of fin portions , and region and a second region , and a number of the at least one 
a gate dielectric between the plurality of fin portions and the fin portion in the first region may be different than a number 
gate electrode . 60 of the at least one fin portion in the second region . 

In example embodiments , a thickness of the fin base may According to example embodiments , a field effect tran 
be greater than half a depth of a first trench between the sistor includes a substrate having a substrate body and at 
plurality of fin portions . least one fin portion extending away from a surface the 

In example embodiments , a top surface of the substrate substrate body , a source region and a drain region connected 
may include a plurality of grooves adjacent to the fin base . 65 to each other via the at least one fin portion , a gate electrode 

In example embodiments , the plurality of grooves may over the at least one fin portion , and a gate dielectric between 
include a plurality of convex portions and a plurality of the at least one fin portion and the gate electrode . 
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In example embodiments , the at least one fin portion may Although the terms first , second , etc. may be used herein 
include a plurality of fin portions having a same width and to describe various elements , these elements should not be 
spaced apart from each other . limited by these terms . These terms are only used to distin 

In example embodiments , the substrate body and the at guish one element from another . For example , a first element 
least one fin may form a single ( or , alternatively , integrally- 5 could be termed a second element , and , similarly , a second 
formed ) body . element could be termed a first element , without departing In example embodiments , the at least one fin portion may from the scope of example embodiments . As used herein , the include a plurality of fin portions . term “ and / or ” includes any and all combinations of one or In example embodiments , the plurality of fin portions may more of the associated listed items . be symmetrical . It will be understood that , if an element is referred to as In example embodiments , the substrate may further 
include a plurality of grooves extending from the surface of being “ connected ” or “ coupled ” to another element , it can be 
the substrate body and parallel to the plurality of fin por directly connected , or coupled , to the other element or 
tions . and a fin base interposed between the substrate body intervening elements may be present . In contrast , if an 
and the plurality of fin portions . Either the plurality of element is referred to as being “ directly connected ” or 
grooves may extend above the fin base , or the fin base may “ directly coupled ” to another element , there are no inter 
extend above the plurality of grooves . vening elements present . Other words used to describe the 

In example embodiments , a thickness of the fin base may relationship between elements should be interpreted in a like 
be less than half a depth of a first trench between adjacent fashion ( e.g. , “ between ” versus “ directly between , ” “ adja 
fin portions when the plurality of grooves extend above the cent ” versus “ directly adjacent , ” etc. ) . 
fin base , or the thickness of the fin base may be greater than 20 The terminology used herein is for the purpose of describ 
half the depth of the first trench when the fin base extends ing particular embodiments only and is not intended to be 
above the plurality of grooves . limiting of example embodiments . As used herein , the 

singular forms “ a , " " an ” and “ the ” are intended to include 
BRIEF DESCRIPTION OF THE DRAWINGS the plural forms as well , unless the context clearly indicates 

25 otherwise . It will be further understood that the terms 
Example embodiments will be more clearly understood " comprises , " " comprising , " " includes " and / or " including , " 

from the following brief description taken in conjunction if used herein , specify the presence of stated features , 
with the accompanying drawings . The accompanying draw- integers , steps , operations , elements and / or components , but 
ings represent non - limiting , example embodiments as do not preclude the presence or addition of one or more other 
described herein . 30 features , integers , steps , operations , elements , components 
FIG . 1 is a flow chart illustrating a method of fabricating and / or groups thereof . 

a field effect transistor according to example embodiments . Spatially relative terms ( e.g. , or the purpose of describing 
FIG . 2 is a plan view of a field effect transistor according particular embodiments e like ) may be used herein for ease 

to example embodiments . of description to describe one element or a relationship 
FIGS . 3 through 13 are sectional views taken along a line 35 between a feature and another element or feature as illus 

I - I ' of FIG . 2 and show a method of fabricating a field effect trated in the figures . It will be understood that the spatially 
transistor according to example embodiments . relative terms are intended to encompass different orienta 
FIG . 14 is a diagram illustrating a method of fabricating tions of the device in use or operation in addition to the 

a field effect transistor according to a comparative embodi- orientation depicted in the figures . For example , if the device 
ment . 40 in the figures is turned over , elements described as “ below " 

FIGS . 15 and 16 are sectional views taken along a line I - I ' or “ beneath ” other elements or features would then be 
of FIG . 2 and show a method of fabricating a field effect oriented " above ” the other elements or features . Thus , for 
transistor according to other example embodiments . example , the term “ below ” can encompass both an orienta 
FIG . 17 is a block diagram of an electronic system tion that is above , as well as , below . The device may be 

including a fin field effect transistor according to example 45 otherwise oriented ( rotated 90 degrees or viewed or refer 
embodiments . enced at other orientations ) and the spatially relative 

It should be noted that these figures are intended to descriptors used herein should be interpreted accordingly . 
illustrate the general characteristics of methods , structure Example embodiments are described herein with refer 
and / or materials utilized in certain example embodiments ence to cross - sectional illustrations that are schematic illus 
and to supplement the written description provided below . 50 trations of idealized embodiments ( and intermediate struc 
These drawings are not , however , to scale and may not tures ) . As such , variations from the shapes of the 
precisely reflect the precise structural or performance char- illustrations as a result , for example , of manufacturing 
acteristics of any given example embodiment , and should techniques and / or tolerances , may be expected . Thus , 
not be interpreted as defining or limiting the range of values example embodiments should not be construed as limited to 
or properties encompassed by example embodiments . For 55 the particular shapes of regions illustrated herein but may 
example , the relative thicknesses and positioning of mol- include deviations in shapes that result , for example , from 
ecules , layers , regions and / or structural elements may be manufacturing . For example , an implanted region illustrated 
reduced or exaggerated for clarity . The use of similar or as a rectangle may have rounded or curved features and / or 
identical reference numbers in the various drawings is a gradient ( e.g. , of implant concentration ) at its edges rather 
intended to indicate the presence of a similar or identical 60 than an abrupt change from an implanted region to a 
element or feature . non - implanted region . Likewise , a buried region formed by 

implantation may result in some implantation in the region 
DETAILED DESCRIPTION between the buried region and the surface through which the 

implantation may take place . Thus , the regions illustrated in 
Various example embodiments will now be described 65 the figures are schematic in nature and their shapes do not 

more fully with reference to the accompanying drawings in necessarily illustrate the actual shape of a region of a device 
which some example embodiments are shown . and do not limit the scope . 
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It should also be noted that in some alternative imple- result , a recess region 155 may be formed to expose a top 
mentations , the functions / acts noted may occur out of the surface of the second mask layer 120. The spacer mask 
order noted in the figures . For example , two figures shown patterns 150 may be arranged with the substantially same 
in succession may in fact be executed substantially concur- distance D2 . The distance D2 between the spacer mask 
rently or may sometimes be executed in the reverse order , 5 patterns 150 may be smaller than the distance D1 between 
depending upon the functionality / acts involved . the sacrificial patterns 130 shown in FIG , 3 . 

Unless otherwise defined , all terms ( including technical Referring to FIGS . 2 and 6 , the first mask layer 110 and 
and scientific terms ) used herein have the same meaning as the second mask layer 120 may be patterned using the spacer 
commonly understood by one of ordinary skill in the art to mask patterns 150 as an etch mask to form first mask 
which example embodiments belong . It will be further 10 patterns 111 and second mask patterns 121. The patterning 
understood that terms , such as those defined in commonly process may include an anisotropic etching process ( e.g. , a 
used dictionaries , should be interpreted as having a meaning plasma etching process ) or a reactive ion etching ( RIE ) 
that is consistent with their meaning in the context of the process . The first mask patterns 111 may be formed to 
relevant art and will not be interpreted in an idealized or expose the top surface of the substrate 100 . 
overly formal sense unless expressly so defined herein . Referring to FIGS . 1 , 2 , and 7 , the substrate 100 may be 

Example embodiments relate to field effect transistors , etched using the first and second mask patterns 111 and 121 
and in particular , to fin field effect transistors . as an etch mask to form a plurality of fin portions ( in S1 ) . 
FIG . 1 is a flow chart illustrating a method of fabricating The fin portions may include first fin portions F1 on the first 

a field effect transistor according to example embodiments . region RG1 , second fin portions F2 on the second region 
FIG . 2 is a plan view of a field effect transistor according to 20 RG2 , third fin portions F3 on the third region RG3 . As the 
example embodiments . FIGS . 3 through 13 are sectional etching of the substrate 100 , first trenches TC1 having a 
views taken along a line I - I ' of FIG . 2 and show a method depth T1 may be formed to separate the first to third fin 
of fabricating a field effect transistor according to example portions F1 - F3 from each other . The second mask patterns 
embodiments . 121 and / or upper portions of the first mask patterns 111 may 

Referring to FIGS . 2 and 3 , a mask layer and a sacrificial 25 be removed during the etching process of the substrate 100 . 
patterns 130 may be sequentially formed on a substrate 100 . The fin portions F1 - F3 may have the substantially same 
The substrate 100 may be a semiconductor wafer including width as each other . 
at least one of silicon , germanium , or silicon - germanium . Referring to FIGS . 2 and 8 , a block mask layer 170 , a 
The substrate 100 may include a first region RG1 , a second fourth mask layer 165 , and fifth mask patterns 161-163 may 
region RG2 , and a third region RG3 . In example embodi- 30 be formed on the resultant structure provided with the fin 
ments , transistors provided on the first to third regions portions F1 - F3 . The block mask layer 170 may include an 
RG1 - RG3 may have different threshold voltages from each amorphous carbon containing layer and / or an organic pla 
other . narization layer ( OPL ) . The block mask layer 170 may be 

For example , the mask layer may include a first mask formed to fill the first trenches TC1 . The fourth mask layer 
layer 110 and a second mask layer 120. The first mask layer 35 165 may include at least one of a silicon oxynitride layer , a 
110 may include a silicon nitride layer or a silicon oxynitride silicon oxide layer , and a silicon nitride layer , and the fifth 
layer , and the second mask layer 120 may include a poly- mask patterns 161-163 may include a photoresist layer . In 
silicon layer . The sacrificial patterns 130 may be formed by example embodiments , the fifth mask patterns 161-163 may 
patterning a sacrificial layer ( not shown ) using a third mask be formed on the first to third regions RG1 - RG3 , respec 
patterns 140 as an etch mask . In example embodiments , the 40 tively , and have different widths from each other . For 
sacrificial patterns 130 may include an amorphous carbon example , the fifth mask pattern 161 on the first region RG1 
containing layer and / or an organic planarization layer may be formed to cover three ones of the first fin portions 
( OPL ) . Each of the sacrificial patterns 130 may be shaped F1 , the fifth mask pattern 162 on the second region RG2 may 
like a line extending along y - axis direction , and the sacri- be formed to cover two ones of the second fin portions F2 , 
ficial patterns 130 may have the substantially same width . In 45 and the fifth mask pattern 162 on the third region RG3 may 
example embodiments , a distance D1 between the sacrificial be formed to cover one of the third fin portions F3 . However , 
patterns 130 may be the substantially same in all of the first example embodiments may not be limited to the aforemen 
to third regions RG1 - RG3 , but example embodiments may tioned shapes of the fifth mask patterns 161-163 . For 
not be limited thereto . example , the shapes of the fifth mask patterns 161-163 may 

Referring to FIGS . 2 and 4 , spacer mask patterns 150 may 50 be variously modified in consideration of several factors , 
be formed on sidewalls of the sacrificial patterns 130. For such as use , size , and threshold voltage of the semiconductor 
example , the formation of the spacer mask patterns 150 may device . For example , in other embodiments , the fifth mask 
include forming an insulating layer to conformally cover the patterns 161-163 may be formed to have the substantially 
structure provided with the sacrificial patterns 130 and same width . 
etching the insulating layer in a dry etching manner . The 55 Referring to FIGS . 2 and 9 , the fourth mask layer 165 and 
spacer mask patterns 150 may include at least one of a the block mask layer 170 may be patterned using the fifth 
silicon oxide layer , a silicon oxynitride layer , or a silicon mask patterns 161-163 as an etch mask . Accordingly , block 
nitride layer . The spacer mask patterns 150 may be formed mask patterns 171-173 may be formed to cover some of the 
to expose top surfaces of the sacrificial patterns 130. Each of fin portions F1 - F3 ( in S2 ) . In other words , the block mask 
the first and second mask layers 110 and 120 , the sacrificial 60 patterns 171-173 may be formed after the formation of the 
patterns 130 , and the spacer mask patterns 150 may be first to third fin portions F1 - F3 . The patterning process may 
formed by a deposition technique , such as , a chemical vapor be performed using a selective etching process . The first 
deposition ( CVD ) , a physical vapor deposition ( PVD ) , or an block mask pattern 171 may be formed on the first region 
atomic layer deposition ( ALD ) . RG1 to cover three ones of the first fin portions F1 , the 

Referring to FIGS . 2 and 5 , the sacrificial patterns 130 65 second block mask pattern 172 may be formed on the second 
may be removed . The removal of the sacrificial patterns 130 region RG2 to cover two ones of the second fin portions F2 , 
may be performed using a selective etching process . As a and the third block mask pattern 173 may be formed on the 
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third region RG3 to cover one of the third fin portions F3 . conductor compounds . For example , the gate electrodes 
Thereafter , the fifth mask patterns 161-163 may be removed . G1 - G3 may include a conductive metal nitride layer ( e.g. , 

Referring to FIGS . 1 , 2 , and 10 , the fin portions F1 - F3 TiN or TaN ) . 
exposed by the block mask patterns 171-173 may be etched The first to third fin portions F1 - F3 may have the sub 
to form second trenches TC2 ( in S3 ) . The fourth mask layer 5 stantially same width as each other . 
165 may be removed by the process of etching the fin FIG . 14 is a diagram illustrating a method of fabricating 
portions F1 - F3 . Bottom surfaces of the second trenches TC2 a field effect transistor according to a comparative embodi 
may be formed to be lower by a depth T2 than those of the ment . 
first trenches TC1 . In the present example embodiments , the In the comparative embodiments , the fin portions may be 
depth T2 between the bottom surfaces of the first and second 10 formed by an etching process using the first mask patterns 
trenches TC1 and TC2 may be greater than half the depth T1 111 as an etch mask . In this case , as shown in FIG . 14 , third 
of the first trenches TC1 . As the result of the formation of the trenches TC3 between the first and second regions RG1 and 
second trenches TC2 . fin bases FB1 - FB3 may be formed to RG2 and between the second and third regions RG2 and 
protrude from the top surface of the substrate 100 and be RG3 may have a width greater than the width of the first 
connected to the plurality of the fin portions F1 - F3 . Here- 15 trench TC1 . For example , the width of the third trench TC3 
inafter , the top surface of the substrate 100 will be used to may be several ten times greater than that of the first trench 
refer to the bottom surfaces of the second trenches TC2 . The TC1 . Due to the difference in width between the trenches 
fin bases FB1 - FB3 may be delimited by the bottom surfaces TC1 and TC3 , sidewalls SW2 of the third trenches TC3 
of the first trenches TC1 and by the second trenches TC2 . In having relatively wide width may be formed at an angle to 
the present example embodiments , the first fin base FB1 may 20 the top surface of the substrate 100 , while sidewalls SW1 of 
be connected to three ones of the first fin portions F1 , the the first trenches TC1 having relatively narrow width may be 
second fin base FB2 may be connected to two ones of the formed at a substantially right angle to the top surface of the 
second fin portions F2 , and the third fin base FB3 may be substrate 100. This may result from that the etching gas ( e.g. , 
connected to one of the third fin portions F3 . Thicknesses of HBr or Cl2 ) may be non - uniformly supplied into the first and 
the fin bases FB1 - FB3 may be given by a height difference 25 third trenches TC1 and TC3 having different widths from 
between the bottom surfaces of the first and second trenches each other . As a result , fifth fin portions F5 having a sidewall 
TC1 and TC2 ( i.e. , the depth T2 ) . In the present example delimited by the third trench TC3 may have different widths 
embodiments , the thickness T2 of the fin bases FB1 - FB3 from those of fourth fin portions F4 having both sidewalls 
may be greater than half the depth of the first trench TC1 . delimited by the first trenches TC1 . The difference in width 

The bottom surface of the second trenches TC2 or the top 30 between the fin portions may lead to an increase in distri 
surface of the substrate 100 may include grooves GV1 bution of threshold voltages or deterioration in electric 
having convex portions and concave portions . The grooves characteristics of a multi - fin transistor having a plurality of 
GV1 may be formed adjacent to the fin bases FB1 - FB3 . The fin portions . 
concave and convex structure of the grooves GV1 may According to example embodiments , as shown in FIG . 7 , 
result from a profile of the fin portions F1 - F3 exposed by the 35 the fin portions may be formed to have the substantially 
block mask patterns 171-173 shown in FIG . 9. For example , same width , and then , some of them may be exposed over 
the convex portions may extend along the extending direc- the device isolation layer . This enables to reduce the distri 
tion ( i.e. , y - axis direction of FIG . 2 ) of the fin portions bution of threshold voltages , which may be caused by the 
F1 - F3 . A space between the convex portions may be sub- difference in width of the fin portions , and to suppress the 
stantially equal to or less than that between the fin portions 40 deterioration in electric characteristics of the fin - FET . 
F1 - F3 . A field effect transistor according to example embodi 

Referring to FIGS . 2 , 11 , and 12 , the block mask patterns ments will be described with reference to FIGS . 1 , 2 , and 13 . 
171-173 may be removed . The plurality of fin portions The substrate 100 may be provided to include the first to 
F1 - F3 and the first mask patterns 111 may be exposed by the third regions RG1 - RG3 . Transistors provided on the first to 
removal process . The removal process may be performed 45 third regions RG1 - RG3 may have different threshold volt 
using a selective etching process . Thereafter , the first mask ages from each other . The fill bases FB1 - FB3 may be 
patterns 111 may be removed . A device isolation layer 101 provided to protrude from the top surface of the substrate 
may be formed on the structure , in which the block mask 100 , and the fin portions F1 - F3 may be provided to extend 
patterns 171-173 and the first mask patterns 111 are upward from the fin bases FB1 - FB3 . The fin portions F1 - F3 
removed . The device isolation layer 101 may expose upper 50 may have the substantially same width in X direction . In 
portions of the fin portions F1 - F3 . For example , the device example embodiments , a plurality of fins may be used to 
isolation layer 101 may be formed to partially fill the first form a single transistor . For example , the first fin portions F1 
trenches TC1 . The device isolation layer 101 may be a may connect the first source region SR1 to the first drain 
high - density plasma oxide layer , spin - on - glass ( SOG ) layer , region DR1 , and the second fin portions F2 may connect the 
and / or a CVD oxide layer . 55 second source region SR2 to the second drain region DR2 . 

Referring to FIGS . 1 , 2 , and 13 , gate dielectrics 181-183 However , the third fin portion F3 may be singly provided . 
and gate electrodes G1 - G3 may be sequentially formed on The number of the fin portions provided on the first to third 
the resultant structure provided with the device isolation regions RG1 - RG3 may be variously modified in consider 
layer 101 ( in S4 ) . The gate dielectrics 181-183 may be ation of several factors , such as use , size , and threshold 
formed to cover surfaces of the fin portions F1 - F3 exposed 60 voltage of the semiconductor device . 
by the device isolation layer 101. The gate dielectrics The source regions SR1 - SR3 and the drain regions DR1 
181-183 may include a silicon oxide layer or high - k dielec- DR3 may be impurity regions having a different conductiv 
trics having a dielectric constant greater than that of the ity type from the substrate 100. For example , in the case 
silicon oxide layer . For example , the gate dielectrics 181- where NMOS transistors are formed in the first to third 
183 may include HfO2 , ZrO2 or Ta 05. The gate electrodes 65 regions RG1 - RG3 , the substrate 100 may include a p - type 
G1 - G3 may include at least one of doped semiconductor impurity region , and the source regions SR1 - SR3 and the 
materials , metals , conductive metal nitrides , or metal - semi- drain regions DR1 - DR3 may be n - type impurity regions . In 
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other example embodiments , at least one of the first to third Å , and the depth T1 of the first trenches TC1 may range from 
regions RG1 - RG3 may be an NMOS transistor region ( s ) , about 500 Å to about 1400 Å . 
and the remaining may be a PMOS transistor region . The bottom surface of the second trenches TC2 or the top 

The fin bases FB1 - FB3 may extend upward from the top surface of the substrate 100 may include grooves GV2 
surface of the substrate 100 to the bottom surfaces of the first 5 having convex portions and concave portions . The grooves 
trenches TC1 . Each of the first and second fin bases FB1 and GV2 may be formed adjacent to each of the fin bases 
FB2 may be connected to a plurality of the fin portions F1 FB1 - FB3 ' . The convex portions may extend along the 
and F2 . For example , the first fin base FB1 may be con extending direction ( i.e. , y - axis direction of FIG . 2 ) of the fin 
nected to three ones of the first fin portions F1 , and the portions F1 - F3 . A space between the convex portions may be 
second fin base FB2 may be connected to two ones of the 10 substantially equal to or greater than that between the fin portions F1 - F3 . The convex portions of the grooves GV2 second fin portions F2 . Unlike this , the third fin base FB3 may have top surfaces higher by a height T4 than the bottom may be connected to one of the third fin portions F3 . In surfaces of the first trenches TC1 . For example , the height example embodiments , the thickness T2 of the fin bases T4 may range from about 10 Å to about 200 Å . The FB1 - FB3 may be greater than half the depth T1 of the first 15 thicknesses of the fin bases FB1 - FB3 ' and the heights of the trenches TC1 . For example , the thickness T2 of the fin bases grooves GV2 may be determined by an etching depth in the 
FB1 - FB3 may range from about 700 Å to about 1500 Å , and etching process to form the second trenches TC2 . 
the depth T1 of the first trenches TC1 may range from about Referring to FIGS . 2 and 16 , the device isolation layer 101 
500 Å to about 1400 Å . may be formed after the removal of the block mask patterns 

The top surface of the substrate 100 may include the 20 171-173 . The device isolation layer 101 may be formed to 
grooves GV1 provided at both sides of each of the fin bases expose the upper portions of the fin portions F1 - F3 . For 
FB1 - FB3 and defined by convex portions and concave example , the device isolation layer 101 may be formed to 
portions . The convex portions of the grooves GV1 may partially fill the first trenches TC1 . The device isolation layer 
extend along the extending direction of the fin portions 101 may be a high - density plasma oxide layer . spin - on - glass 
F1 - F3 . The convex portions may have the width substan- 25 ( SOG ) layer , and / or a CVD oxide layer . The gate dielectrics 
tially equal to or less than the width of the fin portions 181-183 and the gate electrodes 1 - G3 may be sequentially 
F1 - F3 . For example , the height of the grooves GV1 may formed on the resultant structure provided with the device 
range from about 30 Å to about 300 Å . The convex portions isolation layer 101 . 
of the grooves GV1 may have top surfaces lower than the According to example embodiments , the tin portions may 
bottom surfaces of the first trenches TC1 . 30 be formed to have the substantially same width , and this 

The device isolation layer 101 may be formed to expose enables to reduce the distribution of threshold voltages and 
the upper portions of the fin portions F1 - F3 . The device to suppress the deterioration in electric characteristics of the 
isolation layer 101 may cover the grooves GV1 and fill the fin - FET . 
lower portions of the first trenches TC1 . The gate electrodes FIG . 17 is a block diagram of an electronic system 
G1 - G3 may be provided on the fin portions F1 - F3 , and the 35 including a fin field effect transistor according to example 
gate dielectrics 181-183 may be provided between the gate embodiments . 
electrodes G1 - G3 and the fin portions F1 - F3 . Referring to FIG . 17 , an electronic system 1100 according 

In example embodiments , the field effect transistor may to example embodiments may include a controller 1110 , an 
be configured to include the fin portions , whose widths are input / output ( I / O ) unit 1120 , a memory device 1130 , an 
substantially equal to each other . 40 interface unit 1140 and a data bus 1150. At least two of the 
FIGS . 15 and 16 are sectional views taken along a line I - I ' controller 1110 , the I / O unit 1120 , the memory device 1130 

of FIG . 2 and show a method of fabricating a field effect and the interface unit 1140 may communicate with each 
transistor according to other example embodiments . For the other through the data bus 1150. The data bus 1150 may 
sake of brevity , the elements and features of this example correspond to a path through which electrical signals are 
that are similar to those previously shown and described will 45 transmitted . 
not be described in much further detail . The controller 1110 may include at least one of a micro 

Referring to FIGS . 2 and 15 , the fin portions F1 - F3 processor , a digital signal processor , a microcontroller or 
exposed by the block mask patterns 171-173 described with another logic device . The other logic device may have a 
reference to FIG . 9 may be etched to form the second similar function to any one of the microprocessor , the digital 
trenches TC2 around the block mask patterns 171-173 . The 50 signal processor and the microcontroller . The I / O unit 1120 
fourth mask layer 165 may be removed during the etching may include a keypad , a keyboard or a display unit . The 
process . The second trenches TC2 may be formed to have memory device 1130 may store data and / or commands . The 
bottom surfaces lower by a distance T3 than the first memory device 1130 may further include another type of 
trenches TC1 . In the present example embodiments , the data storing devices , which are different from the data 
distance T3 between the bottom surfaces of the second 55 storing devices described above . The interface unit 1140 
trenches TC2 and the first trenches TC1 may be less than may transmit electrical data to a communication network or 
half the depth T1 of the first trenches TC1 . As the result of may receive electrical data from a communication network . 
the formation of the second trenches TC2 , fin bases FB1- The interface unit 1140 may operate by wireless or cable . 
FB3 may be formed to protrude upward from the top surface For example , the interface unit 1140 may include an antenna 
of the substrate 100 and connect the substrate 100 with the 60 for wireless communication or a transceiver for cable com 
plurality of fin portions F1 - F3 . The thickness of the fin bases munication . Although not shown in the drawings , the elec 
FBI ' - FB3 ' may be equal to the distance T3 between the tronic system 1100 may further include a fast DRAM device 
bottom surfaces of the first and second trenches TC1 and and / or a fast SRAM device that acts as a cache memory for 
TC2 . In example embodiments , the thickness T3 of the fin improving an operation of the controller 1110. The field 
bases FB1 ' - FB3 ' may be less than half the depth T1 of the 65 effect transistor according to example embodiments may be 
first trenches TC1 . For example , the thickness T3 of the fin provided in the memory device 1130 or serve as components 
bases FB1 - FB3 ' may range from about 250 Å to about 700 of the controller 1110 and / or the I / O unit 1120 . 
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The electronic system 1100 may be applied to a personal fin portions , the second fin portions being outside the first fin 
digital assistant ( PDA ) , a portable computer , a web tablet , a portion and adjacent to the plurality of grooves , and the first 
wireless phone , a mobile phone , a digital music player , a and second fin portions have a substantially same width . 
memory card or an electronic product . The electronic prod- 9. A field effect transistor , comprising : 
uct may receive or transmit information data by wireless . at least one fin portion extending from a top surface of a 

According to example embodiments , it is possible to substrate ; 
provide a field effect transistor with improved electric char- a device isolation layer exposing an upper portion of the 
acteristics . In addition , the field effect transistor may include at least one fin portion ; 
a plurality of fin portions , which are formed to have the a gate electrode on and crossing the at least one fin 
substantially same width . portion ; and 

While example embodiments have been particularly a gate dielectric between the at least one fin portion and 
shown and described , it will be understood by one of the gate electrode , 
ordinary skill in the art that variations in form and detail may wherein the top surface of the substrate includes a plu 
be made therein without departing from the spirit and scope rality of grooves , each of the plurality of grooves 
of the attached claims . includes a plurality of convex portions and a plurality 
What is claimed is : of concave portions , the plurality of convex portions 
1. A field effect transistor , comprising : extend parallel to the at least one fin portion , and the 
a source region and a drain region on a substrate ; device isolation layer covers top surfaces of the plu 
a fin base protruding from a top surface of the substrate ; rality of convex portions . 

a plurality of fin portions extending upward from the fin 20 10. The field effect transistor of claim 9 , wherein the at 
base and connecting the source region with the drain least one fin portion includes a plurality of fin portions 
region ; spaced apart from , each other by at least one first trench 

a gate electrode on the plurality of fin portions : therebetween , and 
a gate dielectric between the plurality of fin portions and further comprising : 

the gate electrode ; and a fin base extending from the top surface of the substrate 
a device isolation layer exposing upper portions of the and connected to bottom surfaces of the plurality of the 

plurality of fin portions and covering the top surface of fin portions . 
the substrate adjacent to the fin base , 11. The field effect transistor of claim 10 , wherein a top 

wherein the top surface of the substrate adjacent to the fin surface of the fin base is defined by a bottom surface of the 
base includes a plurality of grooves , and each of the 30 at least one first trench , and 
plurality of grooves includes a plurality of convex the bottom surface of the at least one first trench is higher 
portions and a plurality of concave portions extending than top surfaces of the plurality of convex portions . 
along an extending direction of the plurality of fin 12. The field effect transistor of claim wherein a top 
portions . surface of the fin base is defined by a bottom surface of the 

2. The field effect transistor of claim 1 , wherein a thick- 35 at least one first trench , and 
ness of the fin base is greater than half a depth of a first the bottom surface of the at least one first trench is lower 
trench between the plurality of fin portions . than top surfaces of the plurality of convex portions . 

3. The field effect transistor of claim 1 , further compris- 13. The field effect transistor of claim 10 , wherein the 
ing : plurality of the fin portions connect a source region with a 

at least one first trench between the plurality of fin 40 drain region , and 
portions , upper portions of the plurality of the fin portions have a 

wherein top surfaces of the plurality of convex portions substantially same width as each other . 
are lower than a bottom surface of the at least one first 14. The field effect transistor of claim 9 , wherein the 
trench . substrate includes a first region and a second region , and 

4. The field effect transistor of claim 1 , further compris- 45 a number of the at least one fin portion in the first region 
ing : is different than a number of the at least one fin portion 

at least one first trench between the plurality of fin in the second region . 
portions , 15. A field effect transistor , comprising : 

wherein top surfaces of the plurality of convex portions a substrate having a substrate body , at least one fin portion 
are higher than a bottom surface of the at least one first 50 extending away from a surface of the substrate body , 
trench . and a fin base interposed between the substrate body 

5. The field effect transistor of claim 1 , further compris and the at least one fin portion ; 
ing : a source region and a drain region connected to each other 

at least one first trench between the plurality of fin via the at least one fin portion ; 
portions , a gate electrode over the at least one fin portion ; 

wherein a top surface of the device isolation layer is a gate dielectric between the at least one fin portion and 
higher than a bottom surface of the at least one first the gate electrode ; and 
trench . a device isolation layer exposing an upper portion of the 

6. The field effect transistor of claim 1 , wherein a distance at least one fin portion and covering a top surface of the 
between the plurality of convex portions is substantially 60 substrate body adjacent to the fin base , 
equal to a distance between the plurality of fin portions . wherein the top surface of the substrate body adjacent to 

7. The field effect transistor of claim 1 , wherein the the fin body includes a plurality of grooves , each of the 
plurality of convex portions and the plurality of concave plurality of grooves includes a plurality of convex 
portions alternate each other assimilating a line - and - space portions and a plurality of concave portions , and the 
pattern of the plurality of fin portions . plurality of convex portions extend from the surface of 

8. The field effect transistor of claim 1 , wherein the the substrate body and are parallel to the at least one fin 
plurality of fin portions include a first fin portion and second portion . 
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16. The field effect transistor of claim 15 , wherein the at a first gate electrode on the first number of fin portions ; 
least one fin portion includes a plurality of fin portions a second region including a second number of fin portions 
having a same width and spaced apart from each other . on the substrate ; 

17. The field effect transistor of claim 16 , wherein the a second gate electrode on the second number of fin plurality of fin portions are symmetrical . portions , 
18. The field effect transistor of claim 16 , wherein , a device isolation layer exposing upper portions of the either the plurality of grooves extends above the fin base first and second numbers of fin portions , wherein the or the fin base extends above the plurality of grooves . top surface of the substrate includes a plurality of 19. The field effect transistor of claim 18 , wherein a grooves , each of the plurality of grooves includes a thickness of the fin base is less than half a depth of a first 10 plurality of convex portions and a plurality of concave trench between adjacent fin portions when the plurality of portions , the plurality of convex portions extend par grooves extend above the fin base , or the thickness of the fin 

base is greater than half the depth of the first trench when the allel to the first and second numbers of fin portions , and 
fin base extends above the plurality of the device isolation layer covers top surfaces of the grooves . 

20. The field effect transistor of claim 9 , wherein at least 15 plurality of convex portions , and wherein the first and 
one of the plurality of convex portions has a rounded top second numbers of fin portions are different . 
surface . 35. The device of claim 34 , wherein the plurality of 

21. The field effect transistor of claim 20 , wherein the grooves includes : 
rounded top surface of at least one of the plurality of convex a first groove adjacent to the first number of fin portions , 
portions extends above a bottom of the at least one fin 20 and 
portion a second groove adjacent to the second number of fin 

22. The field effect transistor of claim 9 , wherein at least portions . 
one of the plurality of concave portions has a rounded 36. The device of claim 34 , wherein at least on 
bottom surface . plurality of convex portions has a rounded top surface . 

23. The field effect transistor of claim 9 , wherein the 25 37. The device as claimed in claim 34 , wherein : 
plurality of convex portions in each of the plurality of the first region is an input / output region or a logic region , 
grooves are arranged to have substantially a same pitch . and 

24. The field effect transistor of claim 9 , wherein the gate the second region is a memory region . 
dielectric includes a silicon oxide layer or a high - k dielec 38. The device as claimed in claim 37 , wherein the 
tric material . 

25. The field effect transistor of claim 9 , wherein the gate memory region is an SRAM region . 
39. The device as claimed in claim 34 , wherein : electrode includes one of a group consisting of a doped the first region includes a first transistor , and semiconductor mate a me a conductive metal nitride , 

or a metal semiconductor compound . the second region includes a second transistor . 
26. The field effect transistor of claim 9 , further compris- 35 40. The device as claimed in claim 39 , wherein the first 

ing : and second transistors have different conductivity types . 
a plurality of fin portions extending from the top surface 41. The device as claimed in claim 39 , wherein the first 

of the substrate , and second transistors have different threshold voltages . 
wherein the plurality of fin portions are separated by at 42. The device as claimed in claim 34 , wherein at least 

least one trench , and 40 one of the first number of fin portions or the second number 
a top surface of at least one of the plurality of convex of fin portions is greater than one . 

portions is higher than a bottom surface of the at least 43. The device as claimed in claim 42 , wherein each of the 
one trench . first number of fin portions and the second number of fin 

27. The field effect transistor of claim 26 , wherein the portions is greater than one . 
plurality of fin portions have substantially a same width . 44. A memory , comprising : 

28. The field effect transistor of claim 26 , wherein the at least one fin portion extending from a top surface of a 
plurality of fin portions are separated from one another by substrate ; 
substantially a same spacing . a device isolation layer exposing an upper portion of the 

29. The field effect transistor of claim 26 , wherein the at least one fin portion ; 
plurality of fin portions have substantially a same pitch . a gate electrode on and crossing the at least one fin 

30. The field effect transistor of claim 26 , wherein a height portion ; and 
of the at least one trench is in a range of about 500 Å to a gate dielectric between the at least one fin portion and 
about 1400 Å . the gate electrode , 

31. The field effect transistor of claim 26 , wherein the each wherein the top surface of the substrate includes a plu 
of the plurality of grooves has a height of about 350 Å to 55 rality of grooves , each of the plurality of grooves 
about 900 Å . includes a plurality of convex portions and a plurality 

32. The field effect transistor of claim 26 , wherein the of concave portions , the plurality of convex portions 
plurality of fin portions includes at least one inner fin extend parallel to the at least one fin portion , and the 
portion between two outer fin portions , and wherein the at device isolation layer covers top surfaces of the plu 
least one inner fin portion and the two outer fin portions 60 rality of convex portions , and wherein at least one of 
have substantially a same width . the plurality of convex portions has a rounded top 

33. The field effect transistor of claim 26 , wherein the surface or at least one of the plurality of concave 
plurality of convex portions are arranged to have substan- portions has a rounded bottom surface . 
tially a same pitch . 45. The memory as claimed in claim 44 , wherein at least 

34. A semiconductor device , comprising : 65 one of the plurality of convex portions has a rounded top 
a first region including a first number of fin portions on a surface and at least one of the plurality of concave portions 

substrate ; has a rounded bottom surface . 
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46. The memory as claimed in claim 44 , further compris 

ing : 
a transistor including the fin . 
47. The memory as claimed in claim 46 , wherein the 

semiconductor device is a memory . 
48. The memory as claimed in claim 47 , wherein the 

memory is an SRAM . 
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