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FINFET DEVICE HAVING REDUCE 
CAPACITANCE, ACCESS RESISTANCE, AND 

CONTACT RESISTANCE 

BACKGROUND 

0001 Transistors are semiconductor devices that are com 
monly found in a wide variety of integrated circuits. A tran 
sistoris basically a Switch. Whena Voltage is applied to a gate 
of the transistor that is greater than a threshold Voltage, the 
Switch is turned on, and current flows through the transistor. 
When the voltage at the gate is less than the threshold voltage, 
the switch is off, and current does not flow through the tran 
sistor. 
0002 One type of transistor is a multiple-gate field-effect 
transistor (MuGFET), which is a FET that has more than one 
gate in a single transistor device. Furthermore, one type of 
MuGFET is a finFET. A finFET is a nonplanar, multiple-gate 
transistor formed on a substrate. By comparison, a non-fin 
FET is a transistor that is formed within a substrate. A distin 
guishing characteristic of a finFET is that a conducting chan 
nel is wrapped around a thin fin that forms the body of the 
device. 

BRIEF SUMMARY 

0003. A method of an embodiment of the invention is for 
forming a fin field-effect transistor (finFET) device. The 
method provides a buried oxide, a fin, a gate, and first spacers. 
The fin is on top of the buried oxide, the gate is on top of the 
fin, and the first spacers are on top of the fin to either side of 
the gate. The method dopes the fin to form extension junc 
tions. Each extension junction extends under the gate, and a 
region of the fin under the gate remains undoped. The method 
forms second spacers on top of the extensionjunctions. Each 
second spacer adjacent to one of the first spacers to either side 
of the gate. The method etches back the fin and the buried 
oxide not protected by the gate, the first spacers, and the 
second spacers, to create voids. The method fills the voids 
with a semiconductor or conductor material. Such that a top 
surface of the material extending below top surfaces of the 
extension junctions, to form recessed source-drain regions. 
The method forms a silicide layer on the recessed source 
drain regions, the extension junctions, and the gate not pro 
tected by the first spacers and the second spacers. 
0004. A method of another embodiment of the invention is 
also for forming a finFET device. The method provides a 
buried oxide, and forms a fin on top of the buried oxide such 
that a width of the fin is less than a width of the buried oxide. 
The method forms a gate on top of the fin such that a width of 
the gate is less than the width of the fin. The method forms 
first spacers on top of the fin to either side of the gate. The 
method dopes the fin to form extensionjunctions by implant 
ing the fin with ions. Each extension junction extends under 
the gate, and a region of the fin under the gate remains 
undoped. The method forms second spacers on top of the 
extension junctions. Each second spacer adjacent to one of 
the first spacers to either side of the gate. The method etches 
back the extension junctions and the buried oxide not pro 
tected by the gate, the first spacers, and the second spacers, to 
create voids. The method fills the voids with a semiconductor 
or conductor material. Such that a top surface of the semicon 
ductor or conductor material extending below top surfaces of 
the extension junctions, to form recessed source-drain 
regions. This is accomplished by growing the semiconductor 
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material Such that top surfaces of the semiconductor or con 
ductor material are at least substantially flush with the top 
Surfaces of the extension junctions, and etching back the 
semiconductor or conductor material so that the top surfaces 
of the semiconductor material are lower than the top surfaces 
of the extension junctions. The method forms a silicide layer 
on the recessed source-drain regions, the extensionjunctions, 
and the gate not protected by the first spacers and the second 
Spacers. 
0005. A finFET device of an embodiment of the invention 
includes a buried oxide, and recessed source-drain regions 
within the buried oxide. The finFET device includes a fin 
having extension junctions to either side of a region. The 
extension junctions are doped, and the region under the gate 
are undoped. A top Surface of the fin extends above a top 
surface of the recessed source-drain regions. The finFET 
device includes a gate on top of the region of the fin, first 
spacers on top of the extension regions to either side of the 
gate, and second spacers on top of the extension regions. Each 
second spacer is adjacent to one of the first spacers to either 
side of the gate. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0006. The drawings referenced hereinform a part of the 
specification. Features shown in the drawing are meant as 
illustrative of only some embodiments of the invention, and 
not of all embodiments of the invention, unless otherwise 
explicitly indicated, and implications to the contrary are oth 
erwise not to be made. 
0007 FIG. 1 is a flowchart of a method for forming a fin 
field-effect transistor (finFET) device, according to an 
embodiment of the invention. 
0008 FIG. 2A is a diagram of a finFET device after part 
102 of the method of FIG. 1 has been performed, according to 
an embodiment of the invention. 
0009 FIG. 2B is a diagram of a finFET device during and 
after part 112 of the method of FIG. 1 has been performed, 
according to an embodiment of the invention. 
(0010 FIG. 2C is a diagram of a finFET device after part 
114 of the method of FIG. 1 has been performed, according to 
an embodiment of the invention. 
(0011 FIG. 2D is a diagram of a finFET device after part 
116 of the method of FIG. 1 has been performed. 
(0012 FIG. 2E is a diagram of a finFET device after part 
120 of the method of FIG. 1 has been performed. 
(0013 FIG. 2F is a diagram of a finFET device after part 
122 of the method of FIG. 1 has been performed. 

DETAILED DESCRIPTION 

0014. In the following detailed description of exemplary 
embodiments of the invention, reference is made to the 
accompanying drawings that form a parthereof, and in which 
is shown by way of illustration specific exemplary embodi 
ments in which the invention may be practiced. These 
embodiments are described in sufficient detail to enable those 
skilled in the art to practice the invention. Other embodiments 
may be utilized, and logical, mechanical, and other changes 
may be made without departing from the spirit or scope of the 
present invention. The following detailed description is, 
therefore, not to be taken in a limiting sense, and the scope of 
the embodiment of the invention is defined only by the 
appended claims. 
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0015. As stated in the background section, a finfield-effect 
transistor (finFET) is a nonplanar, multiple-gate transistor 
formed on a substrate. A finFET device can suffer from 
increased parasitic capacitance, which reduces the perfor 
mance and thus the desirability of the device. Attempts to 
decrease the parasitic capacitance of a finFET device, how 
ever, can result in increasing access resistance of the finFET 
device. The access resistance of a finFET device is the resis 
tance at the Source-drain junction of the device. Increasing 
access resistance also reduces the performance and thus the 
desirability of a finFET device. 
0016. By comparison, at least some embodiments of the 
invention relate to a finFET device in which parasitic capaci 
tance is reduced, while maintaining or even reducing the 
access resistance of the device. This is achieved by having 
recessed source-drain regions within the buried oxide of the 
finFET device. Furthermore, the contact resistance of the 
finFET device, which is the resistance between the silicon and 
the silicide contacts, is also reduced, because the silicide 
contact length in the proposed device architecture is longer 
than that of a conventional finPET device. Finally, better 
stress coupling of the finFET device is achieved, because the 
recessed source-drain regions permit closer proximity of any 
stress liner to the fin of the device. 
0017 FIG. 1 shows a method 100 for forming a finFET 
device, according to an embodiment of the invention. The 
finFET device that is formed is specifically a silicon-on 
insulator (SOI) finFET device. A buried oxide layer, a fin, a 
gate, and first spacers are provided (102), such that the fin is 
on top of the buried oxide layer, the gate is on top of the fin, 
and the first spacers are on top of the fin to either side of the 
gate. In one embodiment, part 102 can be performed by 
providing a buried oxide layer (104), forming a fin on top of 
the buried oxide layer (106), forming a gate on top of the fin 
(108), and forming first spacers on top of the fin to either side 
of the gate (110). It is noted that the buried oxide layer is on 
top of a Substrate, which can be a conducting material, an 
intrinsic semiconductor material, and/or a metal. 
0018. The finformed on top of the buried oxide in part 106 
is an undoped semiconductor. The fin is formed so that its 
width is less than the width of the buried oxide. Photolithog 
raphy, deposition, and/or etching techniques can be used to 
form the fin on top of the buried oxide. The gate formed on top 
of the fin in part 108 can be polysilicon and/or metal as well, 
and can also be formed using photolithography, deposition, 
and/or etching techniques. The first spacers formed on top of 
the fin to either side of the gate in part 110 can be spacer 
materials that are dielectrics, such as silicon oxide and/or 
silicon nitride, and can be formed using deposition and etch 
ing techniques. 
0019 FIG. 2A shows a finFET device 200 after part 102 of 
the method 100 has been performed, according to an embodi 
ment of the invention. FIG. 2A, as well as the other figures 
besides FIG. 1, show a two-dimensional cross-section of the 
finFET device 200 along the length of the fin. The finFET 
device 200 includes a buried oxide 202, a fin 204, a gate 206, 
and first spacers 208. As noted above, the buried oxide 202 
can be on top of a substrate, which is not shown in FIG. 2A for 
illustrative convenience. The fin 204 is on top of the buried 
oxide 202, the gate 206 is on top of the fin 204, and the first 
spacers 208 are on top of the fin 204 to either side of the gate 
206. 

0020 Referring back to FIG. 1, the fin is doped to form 
extension junctions within the fin (112). The extension junc 
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tions extend under the gate, but a region of the fin also under 
the gate remains undoped. Doping of the fin in part 112 can be 
performed by implanting the fin with ions. The extension 
junctions reduce the access resistance of the finFET device 
200 when turned on by the gate bias voltage, and form a 
conducting path between a channel and source-drain regions. 
(0021 FIG. 2B shows the finFET device 200 during and 
after part 112 of the method 100 has been performed, accord 
ing to an embodiment of the invention. Arrows 210 denote 
implantation of ions within the fin 204. This results in doped 
extension junctions 212 of the fin 204 that extend under the 
spacers 208 and slightly under the gate 206. However, an 
undoped region 214 remains within the fin 204 directly under 
the gate 206. 
0022 Referring back to FIG. 1, second spacers are formed 
on the top of the extension junctions (114). Each second 
spacer is adjacent to one of the first spacers to either side of the 
gate. The second spacers can be the same material as the first 
spacers, such as silicon nitride and/or silicon oxide. The den 
sity of the first and second spacers is strongly dependant on 
the conditions at which deposition occurs. Hence, the spacers 
can be all nitride or all oxide with slightly different or the 
same properties. It is noted that the second spacers are formed 
at a different time than the first spacers. Particularly, the first 
spacers are formed before the extensionjunctions are formed, 
whereas the second spacers are formed after the extension 
junctions are formed. 
(0023 FIG. 2C shows the finFET device 200 after part 114 
of the method 100 has been performed, according to an 
embodiment of the invention. The second spacers 216 are 
formed on top of the extension junctions 212. Each second 
spacer 216 has been formed adjacent to and in contact with 
one of the first spacers 208. 
0024. Referring back to FIG. 1, the extension junctions 
and the buried oxide are etched back to create voids (116). 
The voids may also be referred to as recesses. In one embodi 
ment, between ten and fifteen nanometers of the buried oxide 
in height are etched back. During performance of part 116, the 
second spacers 216 prevent overetching of the extensionjunc 
tions. This is one reason why the second spacers 216 were 
formed in part 114. 
(0025 FIG. 2D shows the finFET device 200 after part 116 
of the method 100 has been performed, according to an 
embodiment of the invention. Voids 218 have been created by 
etching back the extensionjunctions 212 and the buried oxide 
202. The distance between the surface of the buried oxide 202 
at the bottom of the voids 218 and the surface of the buried 
oxide 202 that comes into contact with the undoped region 
214 of the fin 204 is the extent to which the buried oxide 202 
has been etched back, and can be between ten and fifteen 
nanometers, as noted above. 
(0026 Referring back to FIG. 1, the voids are filled with a 
semiconductor or a conductor material to form recessed 
source-drain regions of the finFET device (118). The top 
surface of this material extends below top surfaces of the 
extension junctions. The material to either side of the exten 
sionjunctions forms the Source region and the drain region of 
the finFET device. These source-drain regions being recessed 
results in the access resistance of the finFET device being 
reduced, as compared to a finFET device in which the source 
drain regions are not recessed. The source-drain regions are 
recessed by growing or depositing the semiconductor or con 
ductor material such that it is flush with the original fin sur 
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face, and then etching back the material, with ion implanta 
tion occurring after the etch back in one embodiment, as is 
now described in more detail. 
0027. In particular, part 118 is performed by growing an 
epitaxial semiconductor or conductor material within the 
Voices such that the top Surfaces of this material are at least 
substantially flush with the top surfaces of the extension 
junctions (120). The epitaxial semiconductor or conductor 
material may include polysilicon, doped silicon, doped sili 
congermanium (SiGe), doped silicon carbide (SiC), as well 
as other compound semiconductors or conductors such as 
heavily doped polysilicon to Source-drain regions. The 
Source-drain regions can be N-type or P-type depending on 
the polarity of the finFET device. 
0028. Then, the material is etched back so that the top 
surfaces of this material are lower than the top surfaces of the 
extension junctions (122). In one embodiment, epitaxial sili 
con is etched back about ten nanometers from the top surfaces 
of the extension junctions. After the material has been etched 
back, ion implementation can be performed in one embodi 
ment so that the Source-drain regions are properly formed 
(124). Thereafter, the material can be thermally activated 
(126), to activate any dopant material within the source-drain 
regions and the extension regions. 
0029. It is noted that the distance between the top surface 
of the gate and the top surfaces of the source-drain regions 
results in the finFET device having a reduced parasitic capaci 
tance, because this distance is greater since the top Surface of 
the semiconductor or conductor material extends below the 
top Surfaces of the extension junctions. Stated another way, 
the parasitic capacitance of the finFET device decreases as the 
distance between the top surface of the gate and the top 
Surfaces of the Source-drain regions increases. As such, 
increasing this distance by having the top surface of the 
material extending below the top Surfaces of the extension 
junctions reduces the parasitic capacitance as compared to 
where the top surface of the material does not extend below 
the top surfaces of the extension junctions. 
0030 FIG. 2E shows the finFET device 200 after part 120 
of the method 100 has been performed, according to an 
embodiment of the invention. A semiconductor or conductor 
material 220 has been grown within the voids 218. The top 
surfaces of the material 220 are at least substantially flush 
with the top surfaces of the extension junctions 212. 
0031 FIG. 2F shows the finFET device 200 after part 126 
of the method 100 has been performed, according to an 
embodiment of the invention. The semiconductor material 
220 has been etched back by a distance 222. The distance 222 
in one embodiment may be about ten nanometers, as noted 
above. The semiconductor or conductor material 220 to one 
side of the extensionjunctions 212 forms the Source region of 
the finFET device 200, and the material 220 to the other side 
of the extension junctions 212 forms the drain region of the 
finFET device 200. As noted above, ion implantation can be 
performed after recessing the semiconductor or conductor 
material 220 to properly form the source-drain regions, prior 
to thermal action being performed. 
0032 Referring back to FIG. 1, a silicide layer is formed 
on the recessed source-drain regions, on the extension junc 
tions where the junctions are not protected by the first spacers 
and the second spacers, and on the gate (128). The silicide 
layer acts to reduce the contact resistance between the doped 
Source-drain regions and metal lines (i.e., conductors) used to 
access the FINFET transistor. Because the silicide contact 
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length is longer than that of a conventional finFET device, 
contact resistance is reduced. Furthermore, the second spac 
ers help to prevent the silicide layer from coming into contact 
with the extension and undoped regions of the semiconductor 
under the gate. 
0033. It is noted that, although specific embodiments have 
been illustrated and described herein, it will be appreciated by 
those of ordinary skill in the art that any arrangement calcu 
lated to achieve the same purpose may be substituted for the 
specific embodiments shown. This application is thus 
intended to cover any adaptations or variations of embodi 
ments of the present invention. As such and therefore, it is 
manifestly intended that this invention be limited only by the 
claims and equivalents thereof. 
We claim: 
1. A method for forming a fin field-effect transistor (fin 

FET) device, comprising: 
providing a buried oxide, a fin, a gate, and first spacers, 
where the fin is on top of the buried oxide, the gate is on 
top of the fin, and the first spacers are on top of the fin to 
either side of the gate: 

doping the fin to form extension junctions, each extension 
junction extending under the gate, a region of the fin 
under the gate remaining undoped; 

forming second spacers on top of the extension junctions, 
each second spacer adjacent to one of the first spacers to 
either side of the gate: 

etching back the extension junctions and the buried oxide 
not protected by the gate, the first spacers, and the sec 
ond spacers, to create Voids; 

filling the Voids with a semiconductor or conductor mate 
rial, a top surface of the semiconductor or conductor 
material extending below top Surfaces of the extension 
junctions, to form recessed source-drain regions; and, 

forming a silicide layer on the recessed source-drain 
regions, the extension junctions, and the gate not pro 
tected by the first spacers and the second spacers. 

2. The method of claim 1, wherein the finFET device has a 
reduced capacitance due to a distance between a top surface 
of the gate and top surfaces of the recessed source-drain 
regions being greater because the top Surface of the semicon 
ductor material extends below the top surfaces of the exten 
sion junctions. 

3. The method of claim 1, wherein the finFET device has a 
reduced access resistance due to a longer silicide contact 
length. 

4. The method of claim 1, wherein providing the buried 
oxide, the fin, the gate, and the first spacers, where the finis on 
top of the buried oxide, the gate is on top of the fin, and the first 
spacers are on top of the fin to either side of the gate com 
prises: 

providing the buried oxide: 
forming the fin on top of the buried oxide, such that a width 

of the fin is less than a width of the buried oxide; 
forming the gate on top of the fin, such that a width of the 

gate is less than the width of the fin; and, 
forming the first spacers on top of the finto either side of the 

gate. 
5. The method of claim 1, wherein doping the fin to form 

the extension junctions comprises implanting the fin with 
ions. 

6. The method of claim 1, wherein filling the voids with the 
semiconductor or conductor material comprises: 
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growing the semiconductor or conductor material Such that 
top surfaces of the semiconductor or conductor material 
are at least substantially flush with the top surfaces of the 
extension junctions; and, 

etching back the semiconductor or conductor materialso 
that the top surfaces of the semiconductor or conductor 
material are lower than the top surfaces of the extension 
junctions. 

7. The method of claim 6, wherein filling the voids with the 
semiconductor or conductor material further comprises: 

performing an ion implementation for the recessed-source 
drain regions. 

8. The method of claim 7, wherein filling the voids with the 
semiconductor or conductor material further comprises: 

thermally activating dopant material within the recessed 
Source drain regions. 

9. The method of claim 1, wherein the second spacers are 
formed at a different time than the first spacers. 

10. The method of claim 1, wherein the second spacers help 
to prevent overetching of the extensionjunctions during etch 
ing back of the extension junctions. 

11. A method for forming a fin field-effect transistor (fin 
FET) device, comprising: 

providing a buried oxide; 
forming a fin on top of the buried oxide, such that a width 

of the fin is less than a width of the buried oxide; 
forming a gate on top of the fin, such that a width of the gate 

is less than the width of the fin; and, 
forming first spacers on top of the fin to either side of the 

gate. 
doping the fin to form extension junctions, by implanting 

the fin with ions, each extension junction extending 
under the gate, a region of the fin under the gate remain 
ing undoped; 

forming second spacers on top of the extension junctions, 
each second spacer adjacent to one of the first spacers to 
either side of the gate: 

etching back the extension junctions and the buried oxide 
not protected by the gate, the first spacers, and the sec 
ond spacers, to create Voids; 

filling the Voids with a semiconductor or conductor mate 
rial, a top surface of the semiconductor material extend 
ing below top Surfaces of the extension junctions, to 
form recessed source-drain regions, by: 
growing the semiconductor or conductor material Such 

that top Surfaces of the semiconductor or conductor 
material are at least substantially flush with the top 
Surfaces of the extension junctions; and, 

etching back the semiconductor or conductor materialso 
that the top surfaces of the semiconductor material are 
lower than the top Surfaces of the extensionjunctions; 
and, 

forming a silicide layer on the recessed source-drain 
regions, the extension junctions, and the gate not pro 
tected by the first spacers and the second spacers. 
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12. The method of claim 11, wherein filling the voids with 
the semiconductor or conductor material further comprises: 

performing an ion implementation for the recessed-source 
drain regions; and, 

thermally activating dopant material within the recessed 
Source drain regions. 

13. The method of claim 11, wherein the finFET device has 
a reduced capacitance due to a distance between a top Surface 
of the gate and top surfaces of the recessed source-drain 
regions being greater because the top Surface of the semicon 
ductor material extends below the top surfaces of the exten 
sion junctions. 

14. The method of claim 11, wherein the finFET device has 
a reduced access resistance due to a longer silicide contact 
length. 

15. The method of claim 11, wherein the second spacers are 
formed at a different time than the first spacers, the second 
spacers help to prevent overetching of the extensionjunctions 
during etching back of the extension junctions. 

16. A finfield-effect transistor (finFET) device comprising: 
a buried oxide: 
a plurality of recessed source-drain regions within the bur 

ied oxide; 
a fin having a plurality of extensionjunctions to either side 

of a region, the extension junctions being doped, the 
region being undoped, a top surface of the fin extending 
above a top surface of the recessed source-drain regions; 

a gate on top of the region of the fin; 
a plurality of first spacers on top of the extension regions to 

either side of the gate; and, 
a plurality of second spacers on top of the extension 

regions, each second spacer adjacent to one of the first 
spacers to either side of the gate. 

17. The finFET device of claim 16, wherein the finFET 
device has a reduced capacitance due to a distance between a 
top Surface of the gate and top surfaces of the recessed source 
drain regions being greater because the top surface of the 
semiconductor material extends below the top surfaces of the 
extension junctions. 

18. The finFET device of claim 16, wherein the finFET 
device has a reduced access resistance due to a longer silicide 
contact length. 

19. The finFET device of claim 16, wherein the second 
spacers are formed at a different time than the first spacers. 

20. The finFET device of claim 16, wherein the second 
spacers help to prevent overetching of the extensionjunctions 
during etching back of the extension junctions. 

c c c c c 
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