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(57) ABSTRACT 
A method of fabricating a double gate, FINFET device 
structure in a silicon on insulator layer, in Which the channel 
region formed in the SOI layer is de?ned With a narroWed, 
or necked shape, and Wherein a composite insulator spacer 
is formed on the sides of the device structure, has been 
developed. A FINFET device structure shape is formed in an 
$01 layer via anisotropic RIE procedures, followed by a 
groWth of a silicon dioxide gate insulator layer on the sides 
of the FINFET device structure shape. A gate structure is 
fabricated traversing the device structure and overlying the 
silicon dioxide gate insulator layer located on both sides of 
the narroWest portion of channel region. After formation of 
a source/drain region in Wider, non-channel regions of the 
FINFET device structure shape, composite insulator spacers 
are formed on the sides of the FINFET shape and on the 
sides of the gate structure. Metal silicide is next formed on 
source/drain regions resulting in a FINFET device structure 
featuring a narroW channel region, and surrounded by com 
posite insulator spacers located on the sides of the device 
structure. 
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NECKED FINFET DEVICE 

RELATED APPLICATION 

[0001] This application is a divisional of U.S. patent 
application Ser. No. 10/835,789, ?led Apr. 30, 2004, and 
entitled, “Method of Fabricating a Necked Finfet Device,” 
Which is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] (1) Field of the Invention 

[0003] The present invention relates to methods used to 
fabricate semiconductor devices, and more speci?cally to a 
process sequence used top fabricate a FINFET device, a ?eld 
effect transistor formed on an silicon on insulator (SOI) 
layer, With the mesa type device comprised With ?n like 
features. 

[0004] (2) Description of Prior Art 

[0005] Micro-miniaturization, or the ability to fabricate 
semiconductor devices comprised With sub-micron features, 
have alloWed performance increases for devices comprised 
With the sub-micron features to be realiZed, While the 
manufacturing cost of a speci?c semiconductor chip formed 
With sub-micron features has been reduced. The decrease in 
performance degrading junction capacitance as a result of 
the use of sub-micron features, as Well as the ability to obtain 
a greater number of semiconductor chips, still providing 
circuit densities comparable to counterpart semiconductor 
chips formed With larger features, have made the increased 
performance, and decreased fabrication cost objectives 
achievable. HoWever as device features shrink speci?c 
parameters such as short channel effects, punch through, and 
leakage currents become more prevalent for devices formed 
With sub-micron features than for counterparts formed With 
larger features. 

[0006] This invention Will describe a process sequence in 
Which device performance is further improved via additional 
decreases in junction capacitance via formation of the sub 
micron type device on a silicon on insulator (SOI) layer of 
the device. A FINFET device de?ned in the SOI layer, With 
only the needed elements of the device noW overlying the 
insulator layer of the SOI layer, results in a reduction in 
capacitance and thus increased performance When compared 
to counterpart FET devices fabricating Within a semicon 
ductor substrate and thus presenting higher parasitic junction 
capacitance. The ability to form the FINFET device on an 
SOI layer also reduces punch through leakage and short 
channel effects When compared to devices formed in a 
semiconductor substrate. HoWever to maintain a narroW 
channel region for the mesa like FINFET device the portion 
of conductive material betWeen the source and drain regions 
has to be minimized. This can result in unWanted channel 
resistance, adversely in?uencing device performance. 
Therefore a process and design for a FINFET device, 
reported in this present invention, Will describe a necked 
channel region in Which only a portion of conductive 
material located betWeen the source and drain region Will be 
necked or narroWed, While the other portions of the con 
ductive region located betWeen the source and drain regions 
Will be Wider thus minimiZing the channel resistance of the 
FINFET device. In addition this invention Will describe a 
procedure used to form a Wrap up insulator spacer that Will 
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protect the exposed sides of the raised, FINFET device from 
a silicide procedure applied to source/drain regions. Prior 
art, such as Muller et al, in U.S. Pat. No. 6,252,284B1, 
Shirasaki, in U.S. Pat. No. 4,996,574, YuZurihara et al, in 
U.S. Pat. No. 5,428,237, Burroughes et al, in U.S. Pat. No. 
5,701,016, Kitajama, in U.S. Pat. No. 5,309,010, and Ohmi 
et al, in U.S. Pat. No. 6,242,783B1, describe methods of 
forming FINFET type devices, hoWever none of these prior 
arts disclose the unique features of this invention, such as the 
necked channel region, and the Wrap up insulator spacer. 

SUMMARY OF THE INVENTION 

[0007] It is an object of this invention to fabricate a mesa 
structure in a SOI layer, With the mesa structure comprising 
a double gate FINFET device. 

[0008] It is another object of this invention to reduce 
FINFET channel resistance via formation of a necked por 
tion of channel region, only in a portion of a Wider conduc 
tive region located betWeen source and drain regions. 

[0009] It is still another object of this invention to form a 
Wrap up insulator spacer on the sides of the FINFET device 
to prevent silicide formation on exposed sides of the mesa 
like FINFET device. 

[0010] In accordance With the present invention a method 
of fabricating a double gate FINFET device structure in a 
SOI layer, Wherein features such as a necked channel region 
and a Wrap up insulator spacer are employed to improve 
device performance, is described. De?nition of the silicon 
layer component of the SOI layer, and of an overlying hard 
mask insulator layer, results in a raised structure comprised 
of a silicon source/drain shapes connected by a narroWer 
channel region shape Wherein a center portion of the raised 
silicon channel region shape is necked or narroWed. A 
thermal oxidation procedure results in the formation of a 
gate insulator layer on both sides of the necked channel 
region shape, folloWed by de?nition of a conductive gate 
structure formed normal in direction to the channel region 
shape, overlying the gate insulator layers located on both 
sides of the necked portion of the channel region shape. 
Removal of the hard mask insulator layer from portions of 
the silicon source/drain shapes is folloWed by formation of 
a source/drain region in the silicon source/drain shapes. A 
Wrap up, composite insulator spacer is next formed on the 
sides of the raised silicon structure, protecting against a 
procedure used to form metal silicide on exposed portions of 
source/drain regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The object and other advantages of this invention 
are best described in the preferred embodiment With refer 
ence to the attached draWings that include: 

[0012] FIGS. 1B, 2B, 2C, 3, 4B, 4C, 5B, and 6B, Which 
schematically in cross-sectional style shoW key stages used 
to fabricate the double gate, FINFET device structure 
described in this present invention. 

[0013] FIGS. 1A, 2A, 4A, 5A and 6A, Which schemati 
cally shoW a top vieW of the double gate FINFET device 
structure at speci?c stages of fabrication. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0014] The method of fabricating a double gate FINFET 
device structure, de?ned in an SOI layer, Wherein features 
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such as a necked channel region and a Wrap up insulator 
spacer are employed to reduce channel resistance and to 
prevent silicide formation on the sides of the FINFET device 
structure, Will noW be described in detail. Semiconductor 
substrate 1, comprised of single crystalline silicon With a 
<100> crystallographic orientation, is used and schemati 
cally shoWn in cross-sectional style in FIG. 1B. Silicon layer 
3, the silicon component of SOI layer 3, is formed via 
oxygen implantation into a portion of semiconductor sub 
strate 1, folloWed by an anneal procedure Which results in 
the formation of insulator layer 2, underlying an non 
implanted, and non-oxidiZed silicon layer 3. Insulator layer 
2, is comprised of silicon dioxide at a thickness betWeen 
about 100 to 2000 Angstroms, While silicon layer 3, the top 
portion of semiconductor substrate 1, overlying insulator 
layer 2, is formed at a thickness betWeen about 100 to 2000 
Angstroms. If desired the SOI con?guration can be obtained 
via bonding of a ?rst semiconductor substrate to the top 
surface of an insulator layer located on a second semicon 
ductor substrate. Removal of the bottom portion of the 
second semiconductor substrate, via chemical mechanical 
polishing (CMP), procedures, results in a remaining portion 
of the second semiconductor substrate, silicon layer 3, on the 
insulator layer, insulator layer 2, of the ?rst semiconductor 
substrate, again resulting in the desired SOI con?guration. 

[0015] The attainment of the mesa structure in silicon 
layer 3, to be used to accommodate the FINFET device 
structure is next addressed and schematically shoWn as a top 
vieW in FIG. 1A, and as a cross-sectional vieW in FIG. 1B. 
Insulator layer 4, comprised of silicon oxide at a thickness 
betWeen about 10 to 500 Angstroms, to be used as a hard 
mask layer, is deposited on silicon layer 3, via loW pressure 
chemical vapor deposition (LPCVD), or plasma enhanced 
chemical vapor deposition (PECVD), procedures. A photo 
resist shape, not shoWn in the draWings is then used as an 
etch mask to de?ne the FINFET shape in silicon layer 3. 
This is accomplished via an anisotropic reactive ion etch 
(RIE), procedure, using CHF3 as an etchant for insulator 
layer 4, and using Cl2 as a selective etchant for silicon layer 
3, With the silicon etch cycle selectively terminating at the 
appearance of underlying insulator layer 2. The silicon shape 
is comprised With Wide regions 40, to be used to accommo 
date the subsequent source/drain regions of the FINFET 
device structure, While region 30, located betWeen regions 
40, Will be used to accommodate the device channel region. 
To optimiZe device characteristics for a FINFET device 
comprised With a double gate con?guration, or a gate 
structure located on each side of the channel region, a 
narroW channel Width is desired to optimiZe device param 
eters such as sub-threshold voltage. HoWever if the channel 
Width remains narroW for the entire length betWeen the 
source/drain region, or betWeen regions 40, a larger than 
desired channel resistance Will result, adversely in?uencing 
device performance, thus negating the performance bene?ts 
obtained from forming the device in an SOI layer. Therefore 
a novel design featuring necked channel region 30, is formed 
only in the portion of the channel region Where an overlying 
gate structure Will be subsequently de?ned, While the 
remaining portions of the raised silicon channel Widens as it 
approaches regions 40. The Width of channel region 30, at 
the narroWest location, the location in Which the overlying 
gate structure Will be formed, is betWeen about 0.01 to 0.02 
um, While the Wider portions of the channel region, portions 
not to be covered by the subsequent gate structure, are 
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betWeen about 0.20 to 1.0 um. The result of the silicon 
de?nition procedure is schematically shoWn as a top vieW in 
FIG. 1A, and as a cross-sectional vieW in FIG. 1B. 

[0016] After removal of the photoresist shape used for 
de?nition of the silicon shape, via plasma oxygen ashing 
procedures, gate insulator layer 5, is thermally groWn on the 
sides of the raised silicon structure. Gate insulator layer 5, 
comprised of silicon dioxide, is obtained at a thickness 
betWeen about 6 to 100 Angstroms, via thermal oxidation 
procedures performed at a temperature betWeen about 500 to 
12000 C., in an oxygen-steam ambient. A conductive layer 
such as polysilicon, is next deposited via LPCVD proce 
dures to a thickness betWeen about 300 to 2000 Angstroms. 
A photoresist shape, not shoWn in the draWings, is next used 
as an etch mask to alloW an anisotropic RIE procedure, using 
Cl2 as an etchant, to de?ne gate structure 6. This is shoWn 
schematically in top vieW 2A, in Which gate structure 6, is 
located on insulator layer 4, overlying the top surface of 
narroW portion 30, of the channel region, While directly 
overlying gate insulator layer 5, on each side of narroW 
channel region 30. The presence of gate structure 6, on gate 
insulator layer 5, on each side of the narroW channel region 
alloWs formation of a double gate device to be realiZed. 
Cross-sectional vieWs of the FINFET device structure at this 
stage of fabrication are schematically shoWn in FIGS. 2B 
and 2C. The photoresist shape used for de?nition of gate 
structure 6, is removed via plasma oxygen ashing proce 
dures folloWed by a ?nal Wet clean cycle. The Wet clean 
cycle, comprised With a buffered hydro?uoric acid dip, 
removes portions of gate insulator layer 5, not covered by 
gate structure 6. 

[0017] Selective removal of the portions of hard mask, 
insulator layer 4, not covered by gate structure 6, is next 
accomplished via a RIE procedure, using CHF3 as a selec 
tive etchant for insulator layer 4, exposing regions of silicon 
layer 3, to be used for FINFET source/ drain regions. Implan 
tation of arsenic or phosphorous ions, performed at an 
energy betWeen about 0.1 to 5 KeV, and at a dose betWeen 
about 1E19 to SE20 atoms/cm2, is employed to create 
source/drain regions 7, in non-channel portions of silicon 
layer 3. The ability to form the source/drain regions, butting 
insulator layer 2, result in less junction capacitance, and thus 
increased device performance, When compared to counter 
part devices formed in a semiconductor substrate. The result 
of these procedures is schematically shoWn in FIG. 3. The N 
type source/drain region 7, is used if an N channel, or 
NMOS FINFET device is desired. HoWever if a P channel, 
of PMOS FINFET device is needed, source/drain regions 7, 
can be P type regions, obtained via implantation of P type 
ions such as boron. 

[0018] To further enhance the performance of the FINFET 
device via reduction in source/drain resistance, metal sili 
cide contact regions are formed on top portions of the 
source/drain region. HoWever selective formation of a metal 
silicide layer on exposed portions of silicon or polysilicon, 
can result in metal silicide formation on the sides of silicon 
layer 3, and on the exposed sides of conductive gate struc 
ture 6, resulting in unWanted gate to substrate bridging or 
shorting. Therefore prior to initiating a metal silicide for 
mation procedure, insulator sideWall spacers are formed on 
vertical sides of de?ned silicon layer 3, as Well as on the 
exposed sides of conductive, or polysilicon gate structure 6. 
A composite insulator spacer, comprised of an underlying 



US 2007/0063261 A1 

silicon oxide component, and an overlying silicon nitride 
component, is next formed and schematically shoWn in 
cross-sectional style using FIG. 4B, and schematically 
shoWn as a top vieW in FIG. 4A. First silicon oxide layer 8, 
is conformally deposited, at a thickness betWeen about 50 to 
200 Angstroms, via LPCVD or PECVD procedures, fol 
loWed by conformal deposition of silicon nitride layer 9, at 
a thickness betWeen about 100 to 1000 Angstroms, again via 
use of LPCVD or PECVD procedures. An anisotropic RIE 
procedure using Cl2 or CF4 as an etchant for silicon nitride 
layer 9, and using CHF3 as an etchant for silicon oxide layer 
8, is employed to de?ne the composite insulator spacers on 
the sides of de?ned silicon layer 3, and on the sides of gate 
structure 6, exposing the top surface of source/drain region 
7. The composite insulator spacers, referred to as Wrap up 
spacers, Wrap around all exposed sides of the de?ned 
FINFET shape in silicon layer 3, as Well as Wrapping around 
the sides of gate structure 6. 

[0019] The desired metal silicide layer can noW be selec 
tively formed on exposed portions of source/drain region 7, 
as Well as on the top portion of conductive gate structure 6, 
Without risk of source/drain to gate shorting. A metal layer 
such as titanium, tungsten, tantalum, cobalt, or nickel, is 
deposited via plasma vapor deposition (PVD), procedures, 
to a thickness betWeen about 100 to 500 Angstroms. An 
anneal procedure is next performed at a temperature 
betWeen about 450 to 9500 C., for a time betWeen about 0.01 
to 10 min, in an inert ambient, resulting in the formation of 
metal silicide layer 11, a layer such as titanium silicide, 
tungsten silicide, tantalum silicide, cobalt silicide, or nickel 
silicide, on the exposed surface of the source/drain and on 
the top surface of the conductive gate region. Portions of the 
metal layer residing on insulator surfaces such as surfaces of 
the composite insulator spacers, remain unreacted and are 
selectively removed via Wet etch procedures using a solution 
comprised of H2SO4iNHOH4iHCliH2O2, resulting in 
metal silicide layer 11, only overlying portions of source/ 
drain region 7, and conductive gate 6. This is schematically 
shoWn for the top vieW in FIG. 5A, While FIG. 5B, sche 
matically shoWs a cross-sectional vieW of the FINFET 
device structure at this speci?c stage of fabrication. 

[0020] lnterlevel dielectric (ILD), layer 10, comprised of 
silicon oxide, or boro-phosphosilicate glass (BPSG), is next 
deposited to a thickness betWeen about 1000 to 5000 Ang 
stroms, via LPCVD or PECVD procedures. PlanariZation of 
ILD layer 10, is accomplished via a CMP procedure result 
ing in a smooth top surface topography for ILD layer 10. A 
photoresist shape, not shoWn in the draWings, is next used as 
a mask alloWing a RIE procedure to de?ne contact openings 
12, in ILD layer 10, exposing a portion of the top surface of 
metal silicide layer 11, in a region in the metal silicide layer 
is located on source/drain region 7. The RIE procedure is 
performed using CHF3 as an etchant for ILD layer 10. The 
result of these procedures are shoWn schematically as top 
vieW 6A, and cross-sectionally using FIG. 6B. Metal contact 
structures, not shoWn in the draWings, can noW be formed in 
contact openings 12. The result of the above process 
sequence is a double gate FINFET device structure, de?ned 
from a SOT layer, featuring a loW resistance, necked channel 
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region designed to enhance device performance, and featur 
ing a Wrap up insulator spacer, used to protect against gate 
to source/drain shorts. 

[0021] While this invention has been particularly shoWn 
and described With reference to, the preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made Without 
departing from the spirit and scope of this invention. 

What is claimed is: 
1. A FINFET device structure, comprising: 

an insulator layer on a semiconductor substrate; 

a silicon shape on said insulator layer, comprised With tWo 
Wide silicon shapes connected by a necked, narroWer 
silicon component, With a narroWest portion of said 
necked, narroWer silicon component used as a FINFET 
channel region, located in the center of said necked, 
narroWer silicon component; 

a silicon dioxide gate insulator layer located on sides of 
said silicon shape; 

a polysilicon gate structure traversing an insulator shape, 
With said polysilicon gate structure located on said 
narroWest portion of said necked, narroWer silicon 
component, interfacing said silicon dioxide gate insu 
lator layer located on both sides of said narroWest 
portion of said narroWer silicon shape; 

a source/drain region located in said tWo Wide silicon 
shapes; 

a composite insulator spacer on regions of said silicon 
shape not covered by said polysilicon gate structure, 
and on sides of said polysilicon gate structure; and 

metal silicide on said tWo Wide silicon shapes. 
2. The FINFET device structure of claim 1, Wherein said 

silicon shape is comprised at a thickness betWeen about 100 
to 2000 Angstroms. 

3. The FINFET device structure of claim 1, Wherein said 
narroWest portion of said necked, narroW silicon component, 
is comprised With a Width betWeen about 0.01 to 0.20 um. 

4. The FINFET device structure of claim 1, Wherein the 
thickness of said silicon dioxide gate insulator layer, located 
on sides of said silicon shape, is betWeen about 6 to 100 
Angstroms. 

5. The FINFET device structure of claim 1, Wherein the 
thickness of said polysilicon gate structure is betWeen about 
300 to 2000 Angstroms. 

6. The FINFET device structure of claim 1, Wherein said 
composite insulator spacer is comprised With an underlying 
silicon oxide component at a thickness betWeen about 50 to 
200 Angstroms, and of an overlying silicon nitride compo 
nent at a thickness betWeen about 100 to 1000 Angstroms. 

7. The FINFET device structure of claim 1, Wherein said 
metal silicide layer is comprised of either titanium silicide, 
tantalum silicide, tungsten silicide, cobalt silicide, or nickel 
silicide. 


