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SEMICONDUCTOR DEVICE AND semiconductor layer in the at least one fin - shaped structure 
MANUFACTURING METHOD THEREOF is etched to become a second semiconductor wire by the 

etching process . 
BACKGROUND OF THE INVENTION A semiconductor device is provided in an embodiment of 

5 the present invention . The semiconductor device includes a 
1. Field of the Invention semiconductor substrate , a fin - shaped structure , a first semi 

conductor wire , and a second semiconductor wire . The 
The present invention relates to a semiconductor device fin - shaped structure is disposed on the semiconductor sub 

and a manufacturing method thereof , and more particularly , strate . The fin - shaped structure includes a semiconductor fin , 
to a semiconductor device including semiconductor wires 10 a dielectric layer , and a barrier layer . The dielectric layer is 
and a manufacturing method thereof . disposed on the semiconductor fin . The barrier layer is 

disposed between the dielectric layer and the semiconductor 
2. Description of the Prior Art fin in a thickness direction of the semiconductor substrate . 

The first semiconductor wire is disposed above the fin 
The conventional planar metal - oxide - semiconductor 15 shaped structure . The second semiconductor wire is dis 

( MOS ) transistor has difficulty when scaling down in the posed above the first semiconductor wire . The first semi 
development of the semiconductor device . Therefore , the conductor wire is disposed between the second 
stereoscopic transistor technology or the non - planar transis- semiconductor wire and the fin - shaped structure in the 
tor technology that allows smaller size and higher perfor- thickness direction of the semiconductor substrate . 
mance is developed to replace the planar MOS transistor . 20 These and other objectives of the present invention will 
For example , dual - gate fin field effect transistor ( FinFET ) no doubt become obvious to those of ordinary skill in the art 
device , tri - gate FinFET device , and omega - FinFET device after reading the following detailed description of the pre 
have been provided . Furthermore , gate - all - around ( GAA ) ferred embodiment that is illustrated in the various figures 
nanowire FET device is progressed for achieving the ongo- and drawings . 
ing goals of high performance , increased miniaturization of 25 
integrated circuit components , and greater packaging den BRIEF DESCRIPTION OF THE DRAWINGS 
sity of integrated circuits . However , under the concept of the 
GAA , the manufacturing yield and / or the electrical perfor- FIG . 1 is a schematic drawing illustrating a semiconduc 
mance of the semiconductor device still has to be further tor device according to a first embodiment of the present 
improved by modifying related processes and / or structural 30 invention . 
design . FIGS . 2-13 are schematic drawings illustrating a manu 

facturing method of the semiconductor device according to 
SUMMARY OF THE INVENTION the first embodiment of the present invention , wherein FIG . 

3 is a schematic drawing in a step subsequent to FIG . 2 , FIG . 
It is one of the objectives of the present invention to 35 4 is a schematic drawing in a step subsequent to FIG . 3 , FIG . 

provide a semiconductor device and a manufacturing 5 is a schematic drawing in a step subsequent to FIG . 4 , FIG . 
method thereof . An opening is formed in a dielectric layer 6 is a schematic drawing in a step subsequent to FIG . 5 , FIG . 
for exposing a part of a semiconductor substrate , and a 7 is a schematic drawing in a step subsequent to FIG . 6 , FIG . 
semiconductor layer may be formed on the dielectric layer 8 is a schematic drawing in a step subsequent to FIG . 7 , FIG . 
by growing from the semiconductor substrate exposed by 40 9 is a schematic drawing in a step subsequent to FIG . 8 , FIG . 
the opening . The semiconductor layer with higher quality 10 is a schematic drawing in a step subsequent to FIG . 9 , 
may be formed on the dielectric layer by this approach , and FIG . 11 is a schematic drawing in a step subsequent to FIG . 
manufacturing yield and / or electrical performance of the 10 , FIG . 12 is a schematic drawing in a step subsequent to 
semiconductor device may be improved accordingly . FIG . 11 , and FIG . 13 is a cross - sectional diagram taken 
A manufacturing method of a semiconductor device is 45 along another direction in FIG . 12 . 

provided in an embodiment of the present invention . The FIG . 14 and FIG . 15 are schematic drawings illustrating 
manufacturing method includes the following steps . A a manufacturing method of a semiconductor device accord 
dielectric layer is formed on a semiconductor substrate . An ing to a second embodiment of the present invention , 
opening is formed penetrating the dielectric layer and expos- wherein FIG . 15 is a schematic drawing in a step subsequent 
ing a part of the semiconductor substrate . A stacked structure 50 to FIG . 14 . 
is formed on the dielectric layer . The stacked structure 
includes a first semiconductor layer , a sacrificial layer , and DETAILED DESCRIPTION 
a second semiconductor layer . The first semiconductor layer 
is partly formed in the opening and partly formed on the The present invention has been particularly shown and 
dielectric layer . The sacrificial layer is formed on the first 55 described with respect to certain embodiments and specific 
semiconductor layer . The second semiconductor layer is features thereof . The embodiments set forth herein below are 
formed on the sacrificial layer . A patterning process is to be taken as illustrative rather than limiting . It should be 
performed for forming at least one fin - shaped structure on readily apparent to those of ordinary skill in the art that 
the semiconductor substrate . The stacked structure is pat- various changes and modifications in form and detail may be 
terned by the patterning process , and the at least one 60 made without departing from the spirit and scope of the 
fin - shaped structure includes a part of the first semiconduc present invention . 
tor layer , a part of the sacrificial layer , and a part of the Before the further description of the preferred embodi 
second semiconductor layer . An etching process is per- ment , the specific terms used throughout the text will be 
formed to remove the sacrificial layer in the at least one described below . 
fin - shaped structure . The first semiconductor layer in the at 65 The terms “ on , " " above , ” and “ over ” used herein should 
least one fin - shaped structure is etched to become a first be interpreted in the broadest manner such that “ on ” not only 
semiconductor wire by the etching process , and the second means " directly on ” something but also includes the mean 
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ing of “ on ” something with an intermediate feature or a layer Additionally , in some embodiments , the semiconductor 
therebetween , and that “ above ” or “ over ” not only means the device 101 may further include an isolation structure 36 , a 
meaning of “ above ” or “ over ” something but can also gate dielectric layer 38 , and a gate structure GS . The 
include the meaning it is “ above ” or “ over ” something with isolation structure 36 may be disposed between the second 
no intermediate feature or layer therebetween ( i.e. , directly 5 fin - shaped structures FS2 adjacent to one another , and the 
on something ) . isolation structure 36 may cover a sidewall of the second 

The term " etch ” is used herein to describe the process of fin - shaped structure FS2 . The gate dielectric layer 38 may be 
patterning a material layer so that at least a portion of the disposed on each of the first semiconductor wires 16W and 

each of the second semiconductor wires 20W . The gate material layer after etching is retained . In contrast , when the material layer is “ removed ” , substantially all the material 10 structure GS may be elongated in the second direction D2 
layer is removed in the process . However , in some embodi and disposed on the gate dielectric layer 38. In some 

embodiments , the gate structure GS and the gate dielectric ments , “ removal ” is considered to be a broad term and may 
include etching layer 38 may surround the semiconductor wires separated 

from one another ( such as the first semiconductor wires 16W The term “ forming ” or the term “ disposing ” are used 15 and the second semiconductor wires 20W separated from hereinafter to describe the behavior of applying a layer of one another ) for forming a gate - all - around ( GAA ) transistor material to the substrate . Such terms are intended to describe structure , but not limited thereto . Additionally , in some any possible layer forming techniques including , but not embodiments , the semiconductor device 101 may further 
limited to , thermal growth , sputtering , evaporation , chemi- include a plurality of third semiconductor wires 24W . Each 
cal vapor deposition , epitaxial growth , electroplating , and 20 of the third semiconductor wires 24W may be elongated in 
the like . the first direction D1 , and each of the third semiconductor 

Please refer to FIG . 1. FIG . 1 is a schematic drawing wires 24W may be disposed above the corresponding second 
illustrating a semiconductor device according to a first fin - shaped structure FS2 and the second semiconductor wire 
embodiment of the present invention . As shown in FIG . 1 , 20W in the third direction D3 . In other words , a plurality of 
a semiconductor device 101 is provided in this embodiment . 25 semiconductor wires separated from one another ( such as 
The semiconductor device 101 includes a semiconductor the first semiconductor wire 16W , the second semiconductor 
substrate 10 , a fin - shaped structure ( such a second fin- wire 20W , and the third semiconductor wire 24W separated 
shaped structure FS2 shown in FIG . 1 ) , a first semiconductor from one another ) may be disposed above each of the second 
wire 16W , and a second semiconductor wire 20W . The fin - shaped structures FS2 for increasing the total surface 
second fin - shaped structure 20W is disposed on the semi- 30 area of the semiconductor wires covered by the gate struc 
conductor substrate 10. The second fin - shaped structure ture GS , and the electrical performance of the semiconductor 
20W includes a semiconductor fin 10F , a barrier layer 12 , device 101 may be enhanced accordingly . 
and a dielectric layer 14. The dielectric layer 14 is disposed In some embodiments , the semiconductor substrate 10 
on the semiconductor fin 10F , and the barrier layer 12 is may include a substrate formed of a III - V compound semi 
disposed between the dielectric layer 14 and the semicon- 35 conductor material , such as a gallium nitride ( GaN ) sub 
ductor fin 10F in a thickness direction of the semiconductor a strate , a gallium arsenide ( GaAs ) substrate , an indium phos 
substrate 10 ( such as a third direction D3 shown in FIG . 1 ) . phide ( InP ) substrate , or a substrate formed of other suitable 
The first semiconductor wire 16W is disposed above the III - V compound semiconductor materials , but not limited 
second fin - shaped structure FS2 . The second semiconductor thereto . In some embodiments , the semiconductor substrate 
wire 20W is disposed above the first semiconductor wire 40 10 may include a base substrate ( such as a silicon substrate ) 
16W . The first semiconductor wire 16W is disposed between and a III - V compound semiconductor material layer formed 
the second semiconductor wire 20W and the second fin- thereon . In some embodiments , the semiconductor fin 10F in 
shaped structure FS2 in the thickness direction of the each of the second fin - shaped structures FS2 may be directly 
semiconductor substrate 10 ( such as the third direction D3 ) . connected with the semiconductor substrate 10 , and the 

Specifically , in some embodiments , the semiconductor 45 material composition of the semiconductor fin 10F may be 
device 101 may include a plurality of the second fin - shaped identical to the material composition of the semiconductor 
structures FS2 , a plurality of the first semiconductor wires substrate 10 , but not limited thereto . For instance , the 
16W , and a plurality of the second semiconductor wires semiconductor fins 10F may be formed by etching the 
20W . Each of the second fin 0 shaped structures FS2 may be semiconductor substrate 10 partially , and the semiconductor 
elongated in a first direction D1 , and the second fin - shaped 50 fins 10F may be regarded as a portion of the semiconductor 
structures FS2 may be disposed repeatedly in a second substrate 10 and have the material composition identical to 
direction D2 . Each of the first semiconductor wires 16W that of the semiconductor substrate 10 accordingly , but not 
may be elongated in the first direction D1 , and each of the limited thereto . Additionally , the barrier layer 12 in each of 
first semiconductor wires 16 may be disposed above the the second fin - shaped structures FS2 may include a III - V 
corresponding second fin - shaped structure FS2 in the third 55 compound semiconductor layer or a barrier layer formed of 
direction D3 . Each of the second semiconductor wires 20W other suitable barrier materials . It is worth noting that , in 
may be elongated in the first direction D1 , and each of the some embodiments , the barrier layer 12 may be used to 
second semiconductor wires 20W may be disposed above protect the semiconductor substrate 10 during the process of 
the corresponding second fin - shaped structure FS2 and the forming the dielectric layer 14 for keeping the material of 
corresponding first semiconductor wire 16W in the third 60 the semiconductor substrate 10 from being influenced by the 
direction D3 . In other words , an elongation direction of each process of forming the dielectric layer 14 and avoiding 
of the first semiconductor wires 16W , an elongation direc- indirect influence on the quality of other semiconductor 
tion of each of the second semiconductor wires 20W , and a layer subsequently formed on the semiconductor substrate 
elongation direction of each of the second fin - shaped struc- 10. The barrier layer 12 may be formed on the semiconduc 
tures FS2 may be parallel to one another and orthogonal to 65 tor substrate 10 by an epitaxial growth process preferably , 
the thickness direction of the semiconductor substrate 10 and the barrier layer 12 may include a III - V compound 
( such as the third direction D3 ) , but not limited thereto . material different from the semiconductor substrate 10 
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accordingly , but not limited thereto . For instance , the mate- other suitable n - type and / or p - type work function materials , 
rial of the barrier layer 12 may include aluminum gallium and the conductive layer 42 may include a low resistivity 
nitride ( AIGAN ) , aluminum gallium arsenide ( AIGaAs ) , metallic material , such as aluminum , tungsten , copper , tita 
indium gallium arsenide ( InGaAs ) , or other suitable III - V nium aluminide , or other suitable low resistivity metallic 
compound materials . Therefore , the material composition of 5 materials , but not limited thereto . 
the barrier layer 12 may be different from the material Please refer to FIGS . 2-13 and FIG . 1. FIGS . 2-13 are 
composition of the dielectric layer 14 and the material schematic drawings illustrating a manufacturing method of 
composition of the semiconductor fin 10F , but not limited the semiconductor device 101 in this embodiment , wherein 
thereto . FIG . 3 is a schematic drawing in a step subsequent to FIG . 

In some embodiments , the material of the dielectric layer 10 2 , FIG . 4 is a schematic drawing in a step subsequent to FIG . 
14 may include oxide ( such as aluminum oxide and / or 3 , FIG . 5 is a schematic drawing in a step subsequent to FIG . 
silicon oxide ) , nitride , oxynitride , or other suitable dielectric 4 , FIG . 6 is a schematic drawing in a step subsequent to FIG . 
materials . It is worth noting that , in some embodiments , the 5 , FIG . 7 is a schematic drawing in a step subsequent to FIG . 
first semiconductor wire 16W may directly contact the 6 , FIG . 8 is a schematic drawing in a step subsequent to FIG . 
dielectric layer 14 , and a part of the dielectric layer 14 may 15 7 , FIG . 9 is a schematic drawing in a step subsequent to FIG . 
be used as a gate dielectric layer accordingly , but not limited 8 , FIG . 10 is a schematic drawing in a step subsequent to 
thereto . In this condition , the material of the dielectric layer FIG . 9 , FIG . 11 is a schematic drawing in a step subsequent 
14 may be identical to the material of the gate dielectric to FIG . 10 , FIG . 12 is a schematic drawing in a step 
layer 38 , but not limited thereto . Additionally , the isolation subsequent to FIG . 11 , FIG . 13 is a cross - sectional diagram 
structure 36 may include a single layer or multiple layers of 20 taken along another direction ( such as along the first direc 
insulation materials , such as silicon oxide , silicon nitride , tion Di ) in FIG . 12 , and FIG . 1 may be regarded as a 
silicon oxynitride , but not limited thereto . The first semi- schematic drawing in a step subsequent to FIG . 12. The 
conductor wire 16W , the second semiconductor wire 20W , manufacturing method of the semiconductor device 101 in 
and the third semiconductor wire 24W may respectively this embodiment may include but is not limited to the 
include a III - V compound semiconductor material , such as 25 following steps . Firstly , as shown in FIG . 2 , the semicon 
gallium nitride , gallium arsenide , indium phosphide , or ductor substrate 10 is provided , and the dielectric layer 14 is 
other suitable III - V compound semiconductor materials . It is formed on the semiconductor substrate 10. In some embodi 
worth noting that , in some embodiments , the first semicon- ments , the barrier layer 12 may be formed on the semicon 
ductor wire 16W may be formed by patterning a semicon- ductor substrate 10 before the step of forming the dielectric 
ductor layer formed by an epitaxial growth approach , and 30 layer 14. In other words , the dielectric layer 14 may be 
the material composition of the first semiconductor wire formed on the barrier layer 12 , and the barrier layer 12 may 
16W may be identical to the material composition of the be located between the dielectric layer and the semiconduc 
semiconductor fin 10F and the material composition of the tor substrate 10. Subsequently , as shown in FIG . 2 and FIG . 
semiconductor substrate 10 , but not limited thereto . Addi- 3 , a plurality of openings OP may be formed , and each of the 
tionally , for process simplification , the first semiconductor 35 openings OP may penetrate the dielectric layer 14 and 
wire 16W , the second semiconductor wire 20W , and the third exposes a part of the semiconductor substrate 10. When the 
semiconductor wire 24W may be made of the same semi- barrier layer 12 is formed and located between the dielectric 
conductor material for simplifying the corresponding etch- layer 12 and the semiconductor substrate 10 , each of the 
ing steps , but not limited thereto . In some embodiments , openings OP may further penetrate the barrier layer 12 for 
different materials may be used to form the first semicon- 40 exposing a part of the semiconductor substrate 10 , but not 
ductor wire 16W , the second semiconductor wire 20W , limited thereto . In some embodiments , the openings OP may 
and / or the third semiconductor wire 24W respectively be formed by a patterning process , such as a photolitho 
according to some considerations . A cross - section shape of graphic process , and one or more etching steps may be used 
the first semiconductor wire 16W , the second semiconductor to etch the dielectric layer 14 and the barrier layer 12 
wire 20W , and / or the third semiconductor wire 24W may be 45 respectively in the patterning process . The dielectric layer 14 
a circle , an ellipse , a square , a rectangle , a triangle , or a and the barrier layer 12 may be etched to be a plurality of 
rhombus . patterned dielectric layers 14A and a plurality of patterned 

In some embodiments , the gate dielectric layer 38 may barrier layers 12A , and the patterned dielectric layers 14A 
include silicon oxide , silicon oxynitride , a high dielectric and the patterned barrier layers 12A may substantially 
constant ( high - k ) material , or other suitable dielectric mate- 50 overlap with one another in the third direction D3 , but not 
rials . The high - k material described above may include limited thereto . 
hafnium oxide ( HfO2 ) , hafnium silicon oxide ( HfSiO4 ) , As shown in FIG . 4 and FIG . 5 , a stacked structure MS is 
hafnium silicon oxynitride ( HfSION ) , aluminum oxide formed on the dielectric layer 14 , and the stacked structure 
( Al2O3 ) , tantalum oxide ( Ta205 ) , zirconium oxide ( Zr02 ) , MS includes a first semiconductor layer 16 , a sacrificial 
or other suitable high - k materials . In addition , the gate 55 layer ( such as a first sacrificial layer 18 shown in FIG . 5 ) , 
structure GS may include a single layer or multiple layers of and a second semiconductor layer 20. The first semiconduc 
conductive materials . For example , the gate structure GS tor layer 16 may be partly formed in the openings OP and 
may include a work function layer 40 and a conductive layer partly formed on the dielectric layer 14. The first sacrificial 
42 disposed on the work function layer 40. The gate dielec- layer 18 may be formed on the first semiconductor layer 16 . 
tric layer 38 may be formed conformally on the first semi- 60 The second semiconductor layer 20 may be formed on the 
conductor wire 16W , the second semiconductor wire 20W , first sacrificial layer 18. In some embodiments , the first 
and the third semiconductor wire 24W , and the work func- semiconductor layer 16 may be formed by an epitaxial 
tion layer 40 may be substantially formed conformally on growth process performed to the part of the semiconductor 
the gate dielectric layer 38 and the isolation structure 36. The substrate 10 exposed by the openings OP , and each of the 
work function layer 40 may include tantalum nitride ( TaN ) , 65 openings OP may be fully filled with the first semiconductor 
titanium nitride ( Tin ) , titanium carbide ( TiC ) , titanium layer 16 accordingly , but not limited thereto . Additionally , in 
aluminide ( TiAl ) , titanium aluminum carbide ( TiAIC ) , or some embodiments , the material composition of the first 
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semiconductor layer 16 may be identical to the material MS for ensuring the condition of the processes subsequently 
composition of the semiconductor substrate 10 , but not performed . For example , when the first semiconductor layer 
limited thereto . In some embodiments , other material and / or 16 , the second semiconductor layer 20 , and the third semi 
other manufacturing process may be used to form the first conductor layer 24 are made of gallium nitride , the first 
semiconductor layer 16 according to some considerations . 5 sacrificial layer 18 , the second sacrificial layer 22 , and the 
As shown in FIG . 4 , when the first semiconductor layer 16 third sacrificial layer 26 may be made of aluminum gallium 
is formed by an epitaxial growth process , the first semicon- nitride preferably ; when the first semiconductor layer 16 , the 
ductor layer 16 may be formed to be relatively thicker second semiconductor layer 20 , and the third semiconductor 
generally for ensuring that the first semiconductor layer 16 layer 24 are made of gallium arsenide , the first sacrificial 
formed on the dielectric layer 16 is thick enough . However , 10 layer 18 , the second sacrificial layer 22 , and the third 
the surface flatness of the first semiconductor layer 16 may sacrificial layer 26 may be made of aluminum gallium 
be relatively worse under this situation , and a planarization arsenide preferably ; and when the first semiconductor layer 
process 91 , such as a chemical mechanical polishing ( CMP ) 16 , the second semiconductor layer 20 , and the third semi 
process or other suitable planarization approaches , may be conductor layer 24 are made of indium phosphide , the first 
performed to the first semiconductor layer 16 before the step 15 sacrificial layer 18 , the second sacrificial layer 22 , and the 
of forming the first sacrificial layer 18 for planarizing the top third sacrificial layer 26 may be made of indium gallium 
surface of the first semiconductor layer 16 and controlling arsenide preferably , but not limited thereto . 
the thickness of the first semiconductor layer 16 above the Subsequently , as shown in FIGS . 6-8 , a patterning process 
dielectric layer 14. In other words , a part of the first 92 is performed for forming a plurality of fin - shaped struc 
semiconductor layer 16 may remain on the dielectric layer 20 tures ( such as first fin - shaped structures FS1 shown in FIG . 
14 after the planarization process 91 . 8 ) on the semiconductor substrate 10. In some embodiments , 

In some embodiments , the stacked structure MS may a multiple patterning process , such as a self - aligned double 
include a plurality of semiconductor layer / sacrificial layer patterning ( SADP ) process may be used to form the first 
pairs stacked in the third direction D3 , and the amount of the fin - shaped structures FS1 , but not limited thereto . For 
semiconductor layer / sacrificial layer pairs may be modified 25 example , a hard mask HM may be formed on the stacked 
according to the amount of the semiconductor wires required structure MS , and a plurality of mandrels 32 may be formed 
to be formed . For instance , the stacked structure MS may on the hard mask HM . Sidewall spacers 34 may be formed 
further include a second sacrificial layer 22 , a third semi- on sidewalls of the mandrels 32. The mandrels 32 may be 
conductor layer 24 , and a third sacrificial layer 26. The removed after the step of forming the sidewall spacers 34 , 
second sacrificial layer 22 may be formed on the second 30 and the patterning process 92 may be performed using the 
semiconductor layer 20 , the third semiconductor layer 24 sidewall spacers 34. In some embodiments , the pattern of the 
may be formed on the second sacrificial layer 22 , and the sidewall spacers 34 may be transfer to the hard mask HM , 
third sacrificial layer 26 may be formed on the third semi- and the stacked structure the pattered dielectric layers 
conductor layer 24. In some embodiments , the first sacrifi- 14A , the patterned barrier layers 12A , and the semiconduc 
cial layer 18 , the second semiconductor layer 20 , the second 35 tor substrate 10 may be etched by using the HM as an 
sacrificial layer 22 , the third semiconductor layer 24 , and the etching mask for forming the first fin - shaped structures FS1 . 
third sacrificial layer 26 may be formed by epitaxial growth However , the manufacturing method of the first fin - shaped 
processes or other suitable film - forming processes . There- structures FS1 in this embodiment is not limited to the 
fore , the first semiconductor layer 16 , the second semicon- approach described above , and the first fin - shaped structures 
ductor layer 20 , and the third semiconductor layer 24 may 40 FS1 may also be formed by other suitable patterning 
include III - V compound semiconductor materials , such as approaches according to some considerations . It is worth 
gallium nitride , gallium arsenide , indium phosphide , or noting that , when the patterning process 92 is performed 
other suitable III - V compound semiconductor materials , and using the sidewall spacers 34 , the positions of the mandrels 
the first sacrificial layer 18 , the second sacrificial layer 22 , 32 and the dimension of each mandrel 32 have to be 
and the third sacrificial layer 26 may include aluminum 45 controlled for ensuring that the sidewall spacers 34 formed 
gallium nitride , aluminum gallium arsenide , indium gallium on the sidewalls of the mandrels 32 do not overlap the first 
arsenide , or other suitable III - V compound materials , but not semiconductor layer 16 located in the openings OP in the 
limited thereto . In some embodiments , the semiconductor third direction D3 . In other words , each of the mandrels 32 
layers and the sacrificial layers in the stacked structure MS may be only located on the area outside the openings OP in 
may also be formed of other suitable materials and / or 50 the third direction D3 , and a projection area of each of the 
formed by other suitable manufacturing approaches accord- mandrels 32 in the third direction D3 may be smaller than a 
ing to some considerations . It is worth noting that , for projection area of each of the patterned dielectric layer 14A 
successfully performing an etching process configured to in the third direction D3 . Additionally , in some embodi 
remove each sacrificial layer , the first semiconductor layer ments , the material of the mandrels 32 may include a 
16 , the second semiconductor layer 20 , and the third semi- 55 dielectric material , such as an organic dielectric layer 
conductor layer 24 may be made of the same semiconductor ( ODL ) , or other suitable materials , and the hard mask HM 
material preferably ; the first sacrificial layer 18 , the second may include a single layer or multiple layers of mask 
sacrificial layer 22 , and the third sacrificial layer 26 may be materials . For instance , the hard mask HM may include a 
made of the same material preferably ; and the etching first hard mask layer 28 and the second hard mask layer 30 
selectivity between the material of each semiconductor layer 60 stacked with each other , and the first hard mask layer 28 and 
in the stacked structure MS and the material of each sacri- the second hard mask layer 30 may be made of different 
ficial layer in the stacked structure MS should be high conductive materials and / or insulation materials , such as 
enough in the etching process configured to remove the silicon oxide , silicon nitride , silicon oxynitride , amorphous 
sacrificial layers , but not limited thereto . In other words , silicon , or polysilicon , but not limited thereto . Additionally , 
there may be suitable matching combinations of the material 65 the sidewall spacer 34 may include silicon oxide or other 
of each semiconductor layer in the stacked structure MS and suitable materials having higher etching selectivity with the 
the material of each sacrificial layer in the stacked structure mandrels 32 and the hard mask HM . 
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In some embodiments , the patterning process 92 may thereto . Additionally , a doping process 93 may be performed 
include one or more anisotropic etching steps configured to according to some considerations after the step of removing 
etch each layer in the stacked structure MS , the patterned the second fin - shaped hard mask layers 30F and the first 
dielectric layers 14A , the patterned barrier layers 12A , and fin - shaped hard mask layers 28F , and the doping process 93 
the semiconductor substrate 10 , but not limited thereto . 5 may include one or more doping steps for doping the first 
Therefore , the stacked structure MS , the patterned dielectric fin - shape structures FS1 and / or the semiconductor substrate 
layers 14A , the patterned barrier layers 12A , and the semi- 10 with required dopants by implantation , but not limited 
conductor substrate 10 may be patterned by the patterning thereto . 
process 92 to be the first fin - shaped structures FS1 , and the As shown in FIG . 9 and FIG . 10 , an etching back process 
first semiconductor layer 16 in the openings OP may be 10 may be performed to the isolation structure 36 subsequently 
removed completely by the patterning process 92. Each of for removing a portion of a relatively upper part in the 
the first fin - shaped structures FS1 may include a part of the isolation structure 36 and exposing the third fin - shaped 
second hard mask layer 30 , a part of the first hard mask layer sacrificial layer 26F , the third fin - shaped semiconductor 
28 , a part of the third sacrificial layer 26 , a part of the third layer 24F , the second fin - shaped sacrificial layer 22F , the 
semiconductor layer 24 , a part of the second sacrificial layer 15 second fin - shaped semiconductor layer 20F , the first fin 
22 , a part of the second semiconductor layer 20 , a part of the shaped sacrificial layer 18F , and the first fin - shaped semi 
first sacrificial layer 18 , a part of the first semiconductor conductor layer 16F in each of the first fin - shaped structures 
layer 16 , a part of the dielectric layer 14 , a part of the barrier FS1 . Subsequently , an etching process 94 may be performed 
layer 12 , and a part of the semiconductor substrate 10. In to remove the sacrificial layers ( such as the first sacrificial 
other words , the second hard mask layer 30 , the first hard 20 layer 18 , the second sacrificial layer 22 , and the third 
mask layer 28 , the third sacrificial layer 26 , the third sacrificial layer 26 ) in each of the first fin - shaped structures 
semiconductor layer 24 , the second sacrificial layer 22 , the FS1 . The isolation structure 36 may cover the sidewall of the 
second semiconductor layer 20 , the first sacrificial layer 18 , dielectric layer 14 in each of the first fin - shaped structures 
the first semiconductor layer 16 , the dielectric layer 14 , the FS1 , the sidewall of the barrier layer 12 in each of the first 
barrier layer 12 , and a portion of the semiconductor substrate 25 fin - shaped structures FS1 , and the sidewall of the semicon 
10 may be patterned by the patterning process 92 to become ductor fin 10F in each of the first fin - shaped structures FS1 
a plurality of second fin - shaped hard mask layers 30F , a during the etching process 94 , but not limited thereto . After 
plurality of first fin - shaped hard mask layers 28F , a plurality the etching process 94 , the remaining fin - shaped dielectric 
of third fin - shaped sacrificial layers 26F , a plurality of third layers 14F , the remaining fin - shaped barrier layer 12F , and 
fin - shaped semiconductor layers 24F , a plurality of second 30 the remaining semiconductor fins 10F may be regarded as 
fin - shaped sacrificial layers 22F , a plurality of second fin- the second fin - shaped structures FS2 , but not limited thereto . 
shaped semiconductor layers 20F , a plurality of first fin- By the matching combination of the materials of the sacri 
shaped sacrificial layers 18F , a plurality of first fin - shaped ficial layers and the semiconductor layers and / or modifying 
semiconductor layers 16F , a plurality of fin - shaped dielectric the process parameters of the etching process 94 ( such as the 
layer 14F , a plurality of fin - shaped barrier layers 12F , and a 35 process time or the etching rate ) , the first sacrificial layer 18 , 
plurality of semiconductor fins 10F respectively . Each of the the second sacrificial layer 22 , and the third sacrificial layer 
second fin - shaped hard mask layers 30F , each of the first 26 may be completely removed by the etching process 94 
fin - shaped hard mask layers 28F , each of the third fin - shaped without etching the semiconductor layers in the first fin 
sacrificial layers 26F , each of the third fin - shaped semicon- shaped structures FS1 or with just slightly etching effect to 
ductor layers 24F , each of the second fin - shaped sacrificial 40 the semiconductor layers in the first fin - shaped structures 
layers 22F , each of the second fin - shaped semiconductor FS1 . Therefore , the first semiconductor layer 16 in the first 
layers 20F , each of the first fin - shaped sacrificial layers 18F , fin - shaped structure FS1 may be etched to become the first 
each of the first fin - shaped semiconductor layers 16F , each semiconductor wire 16W by the etching process 94 , the 
of the fin - shaped dielectric layer 14F , each of the fin - shaped second semiconductor layer 20 in the first fin - shaped struc 
barrier layers 12F , and each of the semiconductor fins 10F 45 ture FS1 may be etched to become the second semiconduc 
may be stacked and overlap with one another in the third tor wire 20W by the etching process 94 , and the third 
direction D3 for forming the first fin - shaped structure FS1 . semiconductor layer 24 in the first fin - shaped structure FS1 
As shown in FIG . 8 and FIG . 9 , in some embodiments , the may be etched to become the third semiconductor wire 24W 

isolation structure 36 may be formed between the first by the etching process 94. In some embodiments , the first 
fin - shaped structures FS1 after the step of forming the first 50 semiconductor layer 16 , the second semiconductor layer 20 , 
fin - shaped structures FS1 . In some embodiments , the isola- and the third semiconductor layer 24 may not be etched by 
tion structure 36 may be formed by filling the space between the etching process 94 , and the etching process 94 may be 
the first fin - shaped structures FS1 with an isolation material used to remove the first sacrificial layer 18 , the second 
and performing a chemical mechanical polishing process for sacrificial layer 22 , and the third sacrificial layer 26 only . 
removing the surplus isolation material and exposing the 55 The first fin - shaped semiconductor layer 16F remaining after 
second mask layer 30 , but not limited thereto . In some the etching process 94 is regarded as the first semiconductor 
embodiments , some of the first fin - shaped structures FS1 wire 16W , the second fin - shaped semiconductor layer 20F 
which are required may be removed and a portion of a remaining after the etching process 94 is regarded as the 
specific first fin - shaped structure FS1 may be removed second semiconductor wire 20W , and the third fin - shaped 
before the step of forming the isolation structure 36 , but not 60 semiconductor layer 24F remaining after the etching process 
limited thereto . Subsequently , an etching back process may 94 is regarded as the third semiconductor wire 24W . 
be performed to remove the second fin - shaped hard mask In some embodiments , the etching process 94 may 
layer 30F and the first fin - shaped hard mask layer 28F in include an isotropic etching process ( such as a wet etching 
each of the first fin - shaped structures FS1 and expose the process ) for providing higher etching selectivity , but not 
third fin - shaped sacrificial layers 26F . In some embodi- 65 limited thereto . For instance , the etching process 94 may be 
ments , the isolation structure 36 may be partially removed a wet etching process using sodium hydroxide , potassium 
by the etching back process described above , but not limited hydroxide , and / or other suitable etchants when the material 
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of the first semiconductor layer 16 , the second semiconduc- The following description will detail the different embodi 
tor layer 20 , and the third semiconductor layer 24 is gallium ments of the present invention . To simplify the description , 
nitride and the material of the first sacrificial layer 18 , the identical components in each of the following embodiments 
second sacrificial layer 22 , and the third sacrificial layer 26 are marked with identical symbols . For making it easier to 
is aluminum gallium nitride . The etching process 94 may be 5 understand the differences between the embodiments , the 
a wet etching process using hydrochloric acid ( HCl ) and / or following description will detail the dissimilarities among 
other suitable etchants when the material of the first semi- different embodiments and the identical features will not be 
conductor layer 16 , the second semiconductor layer 20 , and redundantly described . 
the third semiconductor layer 24 is indium phosphide and Please refer to FIG . 14 , FIG . 15 , and FIG . 10. FIG . 14 and 
the material of the first sacrificial layer 18 , the second 10 FIG . 15 are schematic drawings illustrating a manufacturing 
sacrificial layer 22 , and the third sacrificial layer 26 is method of a semiconductor device 102 according to a 
indium gallium arsenide . The etching process 94 may be a second embodiment of the present invention , wherein FIG . 
wet etching process using hydrofluoric acid ( HF ) and / or 15 is a schematic drawing in a step subsequent to FIG . 14 , 
other suitable etchants when the material of the first semi- and FIG . 14 may be regarded as a schematic drawing in a 
conductor layer 16 , the second semiconductor layer 20 , and 15 step subsequent to FIG . 10. The difference between the 
the third semiconductor layer 24 is gallium arsenide and the manufacturing method in this embodiment and the manu 
material of the first sacrificial layer 18 , the second sacrificial facturing method in the first embodiment described above is 
layer 22 , and the third sacrificial layer 26 is aluminum that , as shown in FIG . 10 and FIG . 14 , each of the first 
gallium arsenide . semiconductor wires 16W may be separated from the dielec 

It is worth noting that , in some embodiments , the first 20 tric layer 14 in this embodiment by modifying the etching 
semiconductor wire 16W , the second semiconductor wire condition of the etching process 94 , controlling the thick 
20W , and the third semiconductor wire 24W stacked in the nesses of the first semiconductor layer 16 , the second 
third direction D3 may be separated from one another , and semiconductor layer 20 , and the third semiconductor layer 
the first semiconductor wire 16W may directly contact the 24 , and / or controlling the width of each of the first fin 
dielectric layer 14 in the corresponding second fin - shaped 25 shaped structure ( such as controlling the width of each first 
structure FS2 still because the etching effect of the etching fin - shaped structure FS1 when forming the first fin - shaped 
process 94 on the semiconductor layers is reduced , but not structure FS1 shown in FIG . 8 ) . Therefore , as shown in FIG . 
limited thereto . Subsequently , as shown in FIG . 12 and FIG . 14 and FIG . 15 , after the steps of forming the gate dielectric 
13 , the gate dielectric layer 38 may be formed on the first layer 38 and the gate structure GS , the gate dielectric layer 
semiconductor wires 16W , the second semiconductor wires 30 38 may be located between the first semiconductor wire 
20W , and the third semiconductor wires 24W . In some 16W and the dielectric layer 14 in the third direction D3 . The 
embodiments , the gate dielectric layer 38 may be formed by surface area of the first semiconductor wires covered by the 
an atomic layer deposition ( ALD ) process or other suitable gate structure GS may be increased by this approach , and the 
film - forming processes . The gate dielectric layer 38 may electrical performance of the semiconductor device 102 may 
surround each of the first semiconductor wires 16W , each of 35 be enhanced accordingly . 
the second semiconductor wires 20W , and each of the third To summarize the above descriptions , according to the 
semiconductor wires 24W , and a lower portion of each of the semiconductor device and the manufacturing method 
first semiconductor wires 16 may be directly connected with thereof in the present invention , the openings are formed in 
the dielectric layer 14 still . Subsequently , as shown in FIG . the dielectric layer covering the semiconductor substrate for 
1 , the gate structure GS is formed covering the gate dielec- 40 partially exposing the semiconductor substrate , and the first 
tric layer 38 , the first semiconductor wires 16W , the second semiconductor layer may be formed on the dielectric layer 
semiconductor wires 20W , the third semiconductor wires by growing from the semiconductor substrate exposed by 
24W , and the isolation structure 36. In some embodiments , the openings . The semiconductor layer with higher quality 
the gate structure GS may encompass a portion of each of may be formed on the dielectric layer by this approach , and 
the first semiconductor wires 16W , a portion of each of the 45 the manufacturing yield and / or the electrical performance of 
second semiconductor wires 20W , and a portion of each of the semiconductor device may be improved accordingly . 
the third semiconductor wires 24W . A part of each of the first Additionally , the barrier layer may be disposed for keeping 
semiconductor wires 16W without being encompassed by the semiconductor substrate from being influenced by the 
the gate dielectric layer 38 and the gate structure GS , a part process of forming the dielectric layer and avoiding the 
of each of the second semiconductor wires 20W without 50 indirect influence on the quality of the first semiconductor 
being encompassed by the gate dielectric layer 38 and the layer subsequently formed on the semiconductor substrate . 
gate structure GS , and a part of each of the third semicon- The electrical performance of the semiconductor device may 
ductor wires 24W without being encompassed by the gate be further improved accordingly . 
dielectric layer 38 and the gate structure GS may become Those skilled in the art will readily observe that numerous 
source regions and drain regions ( not shown ) by a doping 55 modifications and alterations of the device and method may 
process or other suitable treatments for forming a transistor be made while retaining the teachings of the invention . 
structure , such as being regarded as a GAA transistor Accordingly , the above disclosure should be construed as 
structure , but not limited thereto . By the manufacturing limited only by the metes and bounds of the appended 
method of this embodiment , the first semiconductor layer 16 claims . 
may be formed by epitaxial growth starting from the semi- 60 What is claimed is : 
conductor substrate 10 exposed by the openings and be 1. A semiconductor device , comprising : 
further formed on the dielectric layer 14. The first semicon- a semiconductor substrate ; 
ductor layer 16 with better quality may be formed on the a fin - shaped structure disposed on the semiconductor 
dielectric layer 14 , and the purpose of improving the manu- substrate , wherein the fin - shaped structure comprises : 
facturing yield of the semiconductor device 101 and / or the 65 a semiconductor fin ; 
purpose of enhancing the electrical performance of the a dielectric layer disposed on the semiconductor fin ; 
semiconductor device 101 may be achieved accordingly . and 
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a barrier layer disposed between the dielectric layer and a semiconductor fin ; 
the semiconductor fin in a thickness direction of the a dielectric layer disposed on the semiconductor fin ; 
semiconductor substrate ; and 

a first semiconductor wire disposed above the fin - shaped a barrier layer disposed between the dielectric layer and 
structure ; and the semiconductor fin in a thickness direction of the 

a second semiconductor wire disposed above the first semiconductor substrate ; 
semiconductor wire , wherein the first semiconductor a first semiconductor wire disposed above the fin - shaped wire is disposed between the second semiconductor structure ; wire and the fin - shaped structure in the thickness a second semiconductor wire disposed above the first direction of the semiconductor substrate , wherein the 10 semiconductor wire , wherein the first semiconductor first semiconductor wire is separated from the second wire is disposed between the second semiconductor semiconductor wire , the first semiconductor wire is wire and the fin - shaped structure in the thickness separated from the dielectric layer , and an elongation 
direction of the first semiconductor wire , an elongation direction of the semiconductor substrate , the first semi 
direction of the second semiconductor wire , and a 15 conductor wire is separated from the second semicon 
elongation direction of the dielectric layer are parallel ductor wire , and the first semiconductor wire directly 
to one another and orthogonal to the thickness direction contacts the dielectric layer ; 
of the semiconductor substrate ; and a gate dielectric layer disposed on the first semiconductor 

an isolation structure disposed on a sidewall of the wire and the second semiconductor wire ; 
fin - shaped structure , wherein a top surface of the iso- 20 a gate structure disposed on the gate dielectric layer , 
lation structure and a top surface of the dielectric layer wherein a part of the gate dielectric layer disposed on 
are coplanar . the first semiconductor wire is located between the first 

2. The semiconductor device according to claim 1 , semiconductor wire and the dielectric layer in the 
wherein a material composition of the barrier layer is thickness direction of the semiconductor substrate ; and 
different from a material composition of the dielectric layer 25 an isolation structure disposed on a sidewall of the 
and a material composition of the semiconductor fin . fin - shaped structure , wherein a top surface of the iso 

3. The semiconductor device according to claim 1 , lation structure and a top surface of the dielectric layer wherein the barrier layer comprises a III - V compound are coplanar . 
semiconductor layer . 7. The semiconductor device according to claim 6 , 4. The semiconductor device according to claim 1 , wherein a material composition of the barrier layer is wherein the semiconductor fin is directly connected with the 
semiconductor substrate , and a material composition of the different from a material composition of the dielectric 

layer and a material composition of the semiconductor first semiconductor wire is identical to a material composi fin . tion of the semiconductor fin and a material composition of 
the semiconductor substrate . 8. The semiconductor device according to claim 6 , 

5. The semiconductor device according to claim 1 , further wherein the barrier layer comprises a III - V compound 
semiconductor layer . comprising : 

a gate dielectric layer disposed on the first semiconductor 9. The semiconductor device according to claim 6 , 
wire and the second semiconductor wire ; and wherein the semiconductor fin is directly connected with 

the semiconductor substrate , and a material composi a gate structure disposed on the gate dielectric layer . 
6. A semiconductor device , comprising : tion of the first semiconductor wire is identical to a 
a semiconductor substrate ; material composition of the semiconductor fin and a 
a fin - shaped structure disposed on the semiconductor material composition of the semiconductor substrate . 

substrate , wherein the fin - shaped structure comprises : 
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