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(57) ABSTRACT 

An improved ?n device used as the body of a ?eld effect 

transistor (“FET”) and an improved process of making the 
?n device. The ?n device alloWs for the fabrication of very 

small dimensioned metal-oxide semiconductor (“MOS”) 
FETs in the siZe range of micrometers to nanometers, While 
avoiding the typical short channel effects often associated 
With MOSFETs of these dimensions. Accordingly, higher 
density MOSFETs may be fabricated such that more devices 

may be placed on a single semiconductor Wafer. The process 
of making the ?n device results in an improved fully 
planariZed device. 
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PROCESS FOR MAKING PLANARIZED SILICON 
FIN DEVICE 

TECHNICAL FIELD 

[0001] The present invention generally relates to ?eld 
effect transistors (FETs). More particularly, this invention 
relates to very small dimensioned metal-oXide semiconduc 
tor (MOS) FETs in the siZe range of micrometers (one 
micrometer or micron, pM, is 10-6 meters) to nanometers 
(one nanometer, nm, is 10'9 meters). Fabricated to alloW for 
a higher density of devices on a semiconductor Wafer, small 
MOSFETs may experience certain deleterious performance 
due to their siZe. One such problem is short channel effects 
caused by the limited separation of the source and drain. The 
inventive ?n device and process of making the device 
alleviate short channel effects associated With MOSFETs 
having dimensions of micrometers or less. 

BACKGROUND OF THE INVENTION 

[0002] Since 1960 When integrated circuits (“ICs”) Were 
?rst created and fabricated, the number and density of the 
devices being formed on IC substrates has increased tre 
mendously. Indeed, the very large scale integration 
(“VLSI”) devices, having more than 100,000 devices on a 
chip, are generally considered old technology. The fabrica 
tion of ICs having hundreds of millions of devices on a chip 
is standard in the market today. The development of ICs With 
billions of devices on each chip is under current develop 
ment. Therefore, the current description of IC fabrication is 
ultra large scale integration (“ULSI”). 

[0003] As part of the increase in the number of devices 
formed on an IC substrate and the concurrent increase in 
density of the devices, the dimensions of the devices have 
dropped signi?cantly. In particular, the dimensions of gate 
thicknesses and channel separation of source and drain 
elements has continually reduced such that today, microme 
ter and nanometer separations of the source, drain, and gate 
are required. Although devices have been steadily reducing 
in siZe, the performance of the devices must be maintained 
or improved. In addition to performance characteristics, 
performance reliability, and durability of the device, the 
manufacturing reliability and cost are alWays critical issues. 

[0004] Several associated problems arise With the minia 
turiZation of devices, including short channel effects, punch 
through, and current leakage. These problems affect both the 
performance of the device and the manufacturing process. 
Short channel effects are often observed When the Width of 
the FET channel is less than 0.5 to 1.0 pm. The impact of 
short channel effects on device performance is seen in the 
reduction in the device threshold voltage and the increase of 
sub-threshold current. 

[0005] More particularly, as the channel length becomes 
smaller, the source and drain depletion regions may eXpand 
toWards each other. The depletion regions may essentially 
occupy the entire channel area betWeen the source and drain. 
As a result of this effective occupation of the channel area 
by the source and drain, the channel is in part depleted and 
the gate charge necessary to alter the source and drain 
current How is reduced. 

[0006] One method for reducing or eliminating short chan 
nel effects is to reduce the thickness of the gate oXides 
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adjacent to the source and drain. Not only Will thin gate 
oXides reduce short channel effects, but they also alloW for 
higher drive currents. One result is faster devices. As can be 
expected, hoWever, there are signi?cant problems associated 
With fabricating thin oXides, including manufacturing repro 
ducibility and the uniformity and control of the oXide groWth 
rate during the fabrication process. 

[0007] Attempts to resolve the short channel effects and 
other problems associated With ULSI devices have been 
made and are continuing. One such attempt, described by 
Hisamoto et al. in “A Folded-Channel MOSFET for Deep 
Sub-Tenth Micron Era,” 1032 IEDM (1998), teaches a 
quasi-planar vertical double-gate MOSFET having a gate 
length doWn to 20 nm. The features noted by Hisamoto et al. 
include a vertical ultra-thin silicon ?n; tWo gates self-aligned 
With the source and drain; a raised source and drain to reduce 
parasitic resistance; and a quasi-planar structure. The 
Hisamoto et al. device appears to be limited to a channel of 
20 nm, hoWever, and does not appear to be suited for use in 
a planariZed con?guration. Moreover, the fabrication pro 
cess shoWn by Hisamoto et al. does not appear to use 
conventional lithography and spacer techniques. 

[0008] Another device, disclosed in US. Pat. No. 5,675, 
164 issued to Brunner et al. and assigned to the same 
applicant as this application, describes a high-performance 
multi-mesa FET. The FET includes mesa structures in a 
conduction region, favoring corner conduction, together 
With lightly doped mesa structures and mid-gap gate mate 
rial also favoring operation in a fully depleted mode. 
Although teaching a high performance FET, the Brunner et 
al. disclosure speci?cally notes that silicon on insulator 
(“SOI”) structures have certain disadvantages making their 
use impractical for the multi-mesa FETs. 

[0009] The metal-insulator-semiconductor (“MIS”) tran 
sistor described in US. Pat. No. 4,996,574 issued to 
Shirasaki for a MIS transistor structure for increasing con 
ductance betWeen source and drain regions has as a primary 
object to substantially increase the conductance betWeen the 
source and drain regions While also decreasing the siZe of the 
device. As provided in Shirasaki, conventional MOSFET 
devices using a SOI structure are limited from increasing 
total current ?oW (e.g., performance) by the cross sectional 
area of the channel. According to Shirasaki, to increase the 
current ?oW, the channel area must also be increased thereby 
increasing the overall dimension of the device. 

[0010] Finally, the abstract to Japanese Patent No. 5,343, 
679 issued to Daisuke et al., for a semiconductor device and 
manufacturing method thereof, shoWs and describes a MOS 
transistor device that uses different impurities imbedded into 
the device substrate from the source and drain impurities to 
enhance the transistor performance characteristics. Although 
apparently using a vertical ?n con?guration, the device 
shoWn does not result in a planariZed device nor does it 
appear to use standard lithography or spacer techniques in 
the fabrication of the device. 

[0011] Accordingly, there remains a need for MOSFETs, 
of dimensions in the range of micrometers to nanometers, 
that are capable of using an SOI structure that may be 
planariZed, and that reduce or eliminate the problems of 
leakage, punch-through, and short channel effects. In addi 
tion, there remains a need for, and it Would be desirable to 
have, a reliable fabrication process using conventional 
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lithography and spacer process techniques to manufacture 
such an SOI device that may be planariZed. 

[0012] To meet these and other needs and to overcome the 
shortcomings of the prior art, it is an object of the present 
invention to provide a ?n device that is in the siZe range of 
a micron or less. Another object is to provide a device that 
is not restricted by performance limitations of leakage, 
punch-through, and short channel effects typically associ 
ated With FETs having sub-micron dimensions. Still another 
object is to provide a process of making the device. 

SUMMARY OF THE INVENTION 

[0013] To achieve these and other objects, and in vieW of 
its purposes, the present invention provides a process for 
fabricating a ?n device as the body for a FET. The process 
comprises the steps of forming a vertical semiconductor-on 
insulator ?n on a substrate With an oxide layer on top of a 
segment of the ?n; depositing a polysilicon layer; forming a 
source and a drain separated by a polysilicon channel on top 
of the oxide layer that is on top of the segment of the ?n; 
depositing a silicide layer over the exposed polysilicon 
layer; depositing an oxide layer over the ?n; polishing the 
oxide layer; and implanting Workfunction elements into the 
top of the polished oxide layer. 

[0014] In another embodiment of the present invention, 
the process of fabricating the ?n device results in a fully 
planariZed device. In yet another embodiment of the present 
invention, the process of fabricating the ?n device results in 
a source and drain separation in the range of approximately 
10 nm. In still another embodiment of the present invention, 
the process of fabricating the ?n device results in an oxide 
layer separating the ?n from the polysilicon having a Width 
approximately in the range of 1.5 nm. 

[0015] The present invention also encompasses an 
improved ?n device that is fully planariZed. The device 
comprises a substrate, a vertical ?n, a polysilicon deposition 
layer, an oxide layer on top of a segment of the ?n and the 
exposed substrate, a source and drain formed on top of the 
oxide layer, a polysilicon halo separating the source and 
drain, a silicide layer covering the polysilicon layer, an oxide 
layer over the ?n device forming a planariZed layer, and dual 
Workfunction implants positioned Within the top oxide layer. 
In another aspect of the present invention, the improved ?n 
device has a separation betWeen the source and drain in the 
range of approximately 10 nm. In yet another aspect of the 
present invention, the improved ?n device has an oxide layer 
separating the ?n from the polysilicon having a Width 
approximately in the range of 1.5 nm. 

[0016] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary, but are not restrictive, of the invention. 

BRIEF DESCRIPTION OF THE DRAWING 

[0017] The invention is best understood from the folloW 
ing detailed description When read in connection With the 
accompanying draWing. It is emphasiZed that, according to 
common practice, the various features of the draWing are not 
to scale. On the contrary, the dimensions of various features 
are arbitrarily expanded or reduced for clarity. Included in 
the draWing are the folloWing ?gures: 

[0018] FIG. 1 illustrates a top vieW of an exemplary 
embodiment of the ?n device according to the present 
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invention shoWing the location of the cross-sectional vieWs 
shoWn in FIGS. 2 through 13; 

[0019] FIG. 2A is a cross-sectional vieW taken along the 
line 2A-2A of FIG. 1 after a ?rst step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0020] FIG. 2B is a cross-sectional vieW taken along the 
line 2B-2B of FIG. 1 after the ?rst step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0021] FIG. 3A is a cross-sectional vieW shoWing the 
device of FIG. 2A after a second step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0022] FIG. 3B is a cross-sectional vieW shoWing the 
device of FIG. 2B after the second step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0023] FIG. 4A is a cross-sectional vieW shoWing the 
device of FIG. 3A after a third step in the process of making 
an exemplary embodiment of the ?n device according to the 
present invention; 

[0024] FIG. 4B is a cross-sectional vieW shoWing the 
device of FIG. 3B after the third step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0025] FIG. 5A is a cross-sectional vieW shoWing the 
device of FIG. 4A after a fourth step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0026] FIG. 5B is a cross-sectional vieW shoWing the 
device of FIG. 4B after the fourth step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0027] FIG. 6A is a cross-sectional vieW shoWing the 
device of FIG. 5A after a ?fth step in the process of making 
an exemplary embodiment of the ?n device according to the 
present invention; 
[0028] FIG. 6B is a cross-sectional vieW shoWing the 
device of FIG. 5B after the ?fth step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0029] FIG. 7A is a cross-sectional vieW shoWing the 
device of FIG. 6A after a sixth step in the process of making 
an exemplary embodiment of the ?n device according to the 
present invention; 
[0030] FIG. 7B is a cross-sectional vieW shoWing the 
device of FIG. 6B after the sixth step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0031] FIG. 8A is a cross-sectional vieW shoWing the 
device of FIG. 7A after a seventh step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0032] FIG. 8B is a cross-sectional vieW shoWing the 
device of FIG. 7B after the seventh step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 
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[0033] FIG. 9A is a cross-sectional vieW showing the 
device of FIG. 8A after an eighth step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0034] FIG. 9B is a cross-sectional vieW shoWing the 
device of FIG. 8B after the eighth step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0035] FIG. 10A is a cross-sectional vieW shoWing the 
device of FIG. 9A after a ninth step in the process of making 
an exemplary embodiment of the ?n device according to the 
present invention; 

[0036] FIG. 10B is a cross-sectional vieW shoWing the 
device of FIG. 9B after the ninth step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0037] FIG. 11A is a cross-sectional vieW shoWing the 
device of FIG. 10A after a tenth step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0038] FIG. 11B is a cross-sectional vieW shoWing the 
device of FIG. 10B after the tenth step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0039] FIG. 12A is a cross-sectional vieW shoWing the 
device of FIG. 11A after a eleventh step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0040] FIG. 12B is a cross-sectional vieW shoWing the 
device of FIG. 11B after the eleventh step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0041] FIG. 13A is a cross-sectional vieW shoWing the 
device of FIG. 12A after a tWelfth step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0042] FIG. 13B is a cross-sectional vieW shoWing the 
device of FIG. 12B after the tWelfth step in the process of 
making an exemplary embodiment of the ?n device accord 
ing to the present invention; 

[0043] FIG. 14 is a perspective vieW of an exemplary 
embodiment of the ?n device of the present invention being 
fabricated and as shoWn in the cross-sectional vieWs of 
FIGS. 10Aand 10B; 

[0044] FIG. 15A is the ?n device manufactured in accor 
dance With the present invention, taken along the cross 
section labeled 15A-15A in FIG. 13A; and 

[0045] FIG. 15B is a graph of electron concentration 
versus depth into the ?n device as the ?n device is shoWn in 
FIG. 15A. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0046] The invention Will next be illustrated With refer 
ence to the ?gures in Which the same numbers indicate the 
same elements in all ?gures. Such ?gures are intended to be 

Nov. 1, 2001 

illustrative, rather than limiting, and are included to facilitate 
the explanation of the process and device of the present 
invention. 

[0047] The invention is an improved ?n device used as the 
body of a PET and a process of making such a ?n device. In 
an exemplary embodiment, the ?n device is fully planariZed, 
double gated, and is fabricated to alloW ten or more devices 
to be placed Within a one micrometer Width. The invention 
also provides the process to fabricate such a small device. To 
best understand the sections and layers of the device, the 
process of fabricating the device is ?rst described. 

[0048] As shoWn in FIG. 1, the typical MOSFET as Well 
as an exemplary embodiment of the present invention ?n 
device each have a source 1 and drain 2 separated by a 
channel 6, all of Which are formed on a substrate 5. Also 
shoWn in FIG. 1 is a gate 3 running perpendicular to the 
plane connecting the source 1 and drain 2. The gate 3 is 
fabricated from a conducting material such as, in a preferred 
embodiment, a polysilicon material. The gate 3 may also be 
manufactured of other conducting metals, hoWever, such as 
aluminum. 

[0049] FIG. 1 also illustrates several of the components 
used in the process of manufacturing the ?n device. One of 
these components is the ?n trim mask 40. Also illustrated are 
the mask 42 used to form the source 1 and the drain 2, and 
the photocrystalline mask 44 used to form the gate 3. 

[0050] The general operation of a MOSFET is controlled 
by the electric ?eld of the gate 3. Due to its location, the 
electric ?eld produced by the gate 3 is emitted into the 
channel 6 that separates source 1 and drain 2. By controlling 
the gate electric ?eld, the current ?oW betWeen source 1 and 
drain 2, and across channel 6, may be unimpeded or pre 
vented. 

[0051] To understand the inventive method of making an 
exemplary embodiment of the improved ?n device 10 (see 
FIGS. 13A and 13B), cross-sectional vieWs of the device 
during the fabrication process are shoWn. TWo cross sec 
tional vieWs are shoWn for each step of the fabrication 
process. Cross sectional vieWs labeled “A” in the ?gures, 
such as vieW 2A-2A shoWn in FIG. 1, are as observed 
through the gate 3 and centered across a line connecting 
source 1 and drain 2. Cross sectional vieWs labeled “B” in 
the ?gures, such as vieW 2B-2B shoWn in FIG. 1, are as 
observed across the gate 3 and through a line connecting 
source 1 and drain 2. 

[0052] The general process of fabricating a MOSFET has 
been practiced for many years. Due to the multitude of 
different Ways of speci?cally fabricating a MOSFET, hoW 
ever, the particular order and speci?c steps in the process are 
critical to describe the fabrication process of a particular 
device. The alteration of one step in a fabrication process 
may result in a completely different MOSFET device. 
Accordingly, the process of fabricating the inventive ?n 
device is described in detail With reference to the ?gures. 

[0053] The ?rst step in making an embodiment of the ?n 
device 10 is the step of forming the silicon-on-insulator 
(“SOI”) vertical ?n 4 on the substrate 5, as shoWn in FIGS. 
2A and 2B. The ?n 4 may be formed by silicon dioxide 
spacer deposition. In another embodiment, the ?n 4 may be 
formed by conventional chrome-less phase shift mask print 
ing. Either technique provides the ability to form a vertical 
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SOI ?n 4 having a Width in the range of approximately 10 
nm. The ?n 4 and substrate 5 are anisotropically etched and 
a nitride layer 15 is deposited over the ?n 4 and the substrate 
5. As shoWn in FIG. 2A, the substrate 5 is over etched to a 
level beloW the ?n 4. In a preferred embodiment, the etching 
may be completed by reactive ion etching (“RIE”). The ?n 
device 10 is built upon a boX 50. 

[0054] An oXide layer 16 is neXt deposited over the nitride 
layer 15 as shoWn in FIGS. 3A and 3B. As shoWn, the top 
of the SOI ?n 4 should eXtend higher than the periphery of 
the oXide layer 16. As described beloW, the thickness of the 
oXide layer 16 is used to set or adjust the desired height of 
the vertical SOI ?n 4. In one preferred embodiment, the 
oXide layer 16 may be a high density plasma oxide. 

[0055] In the neXt step, shoWn in FIGS. 4A and 4B, an 
oXide etching is used to remove the oXide layer 16 from the 
top of the ?n 4 and to remove a portion of the oXide layer 
16 from either side of the ?n 4. A nitride etching is also 
completed to remove the nitride layer 15 from the top of the 
?n 4 and a portion of the nitride layer 15 on the sides of the 
?n 4. As also shoWn in FIGS. 4A and 4B, a polysilicon layer 
17 is neXt deposited on tops of the oXide layer 16, the nitride 
layer 15, and the eXposed ?n 4. 

[0056] The height of the SOI ?n 4 is neXt adjusted by 
polishing the polysilicon layer 17 and the SOI ?n 4 as shoWn 
in FIGS. 5A and 5B. In a preferred embodiment, the 
polishing technique may be the Well-knoWn chemical 
mechanical polishing (“CMP”) process. The ?n 4 is neXt 
completely eXposed by removal of the oXide layer 16 and the 
nitride layer 15 as shoWn in FIGS. 6A and 6B. The process 
of removing the oXide layer 16 and the nitride layer 15 may 
be, in a preferred embodiment, by a Wet chemical crystal 
lographic orientation etch or, in another preferred embodi 
ment, by a resist mask and etch. 

[0057] As shoWn in FIGS. 7A and 7B, the neXt step is 
incorporating the channel implants on either side of the SOI 
?n 4 and then depositing a neW oXide material. The oXide 
material forms an oXide layer 20 on top of the substrate 5 and 
on top of the ?n 4, and forms thin oXide layers 12 on either 
side of the ?n 4. Similar to the above steps, in a preferred 
embodiment, the oXide used in this step may be a high 
density plasma oxide. A neW polysilicon layer 21 is neXt 
deposited over the oXide layer 20 and around the ?n 4 to a 
level above the height of the ?n 4 and oXide layer 20, as 
shoWn in FIGS. 8A and 8B. A neW nitride layer 22 is neXt 
deposited on top of the polysilicon layer 21. 

[0058] The source/drain halo is neXt fabricated on top of 
the ?n 4. As shoWn in FIGS. 9A and 9B, the polysilicon 
layer 21 and the nitride layer 22 are selectively removed 
such that a segment of the polysilicon layer 21 and the 
nitride layer 22 remain over the ?n 4. In a preferred 
embodiment, the selective removal may be accomplished by 
conventional polycrystalline (“PC”) lithography and RIE. 
The etching may be selective to thick polysilicon to provide 
more effective removal of the polysilicon layer 21 located on 
either side of the ?n 4. The length of the halo or polysilicon 
layer 21 remaining on top of the ?n 4 is determined by the 
PC lithography selected. Thus, if a Wide PC line is selected, 
the polysilicon length Will be correspondingly large. Simi 
larly, a narroW PC line Will result in a smaller polysilicon 
length, and as discussed beloW, a smaller channel Width 
betWeen the source 1 and drain 2. 
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[0059] In the neXt step, as shoWn in FIGS. 10A and 10B, 
the source and drain implants 23 are incorporated on top of 
the oXide layer 20 and on either side of the halo polysilicon 
layer 21. Also shoWn in FIGS. 10A and 10B, the eXposed 
oXide layer 20 on top of the ?n 4 is then removed by an 
etching process to the stop layer (the top of the SOI ?n 4). 
A perspective vieW of the ?n device after these fabrication 
steps is shoWn in FIG. 14. As shoWn in FIG. 14, the vertical 
SOI ?n 4 is the shorter of the tWo vertical elements. The 
taller element illustrates the halo formation on top of the SOI 
?n 4, including the oXide layer 20, the nitride source and 
drain implants 23 on either side of the polysilicon layer 21, 
and the nitride layer 22 on top of the polysilicon layer 21. 

[0060] A thick polysilicon layer 25 is neXt deposited on 
top of the ?n 4 and the halo elements. Through a polishing 
process, Which in a preferred embodiment may be CMP, the 
polysilicon layer 25 is partially removed and the ?n device 
is planariZed to the level of the nitride layer 22 separating the 
source and drain implants 23. The structure that results after 
these tWo steps of the process of the present invention is 
shoWn in FIGS. 11A and 11B. 

[0061] The thick polysilicon layer 25 is neXt etched to a 
level beloW the top of the nitride source and drain implants 
23 and a thin silicide layer 26 is formed over the polysilicon 
layer 25 on either side of the halo as shoWn in FIG. 12B. In 
a preferred embodiment, the silicide layer 26 may be a 
cobalt silicide. Titanium silicide may also be used and 
eXhibits similar resistivity to cobalt silicide. A neW oXide 
layer 27 is neXt deposited over the silicide layer 26 and the 
oxide layer 27 is again polished to a level of the nitride layer 
22 for planariZation of the device. Finally, as shoWn in 
FIGS. 12A and 12B, the nitride layer 22 is etched aWay to 
the polysilicon layer 21. The etching process may be RIE 
that is selective to polysilicon as located betWeen the source 
and drain implants 23. 

[0062] As shoWn in FIGS. 13A and 13B, the ?n device 10 
is completed. The steps to fabricate the completed device 
include, ?rst, to incorporate Workfunction implants 11 into 
the top oXide layer 27 on either side of the halo. Second, a 
neW silicide layer 28 is formed on the eXposed polysilicon 
layer 21 betWeen the nitride source and drain implants 23. 
Again, although in a preferred embodiment the silicide layer 
28 may be cobalt-silicide, in another embodiment titanium 
silicide may also be used. A neW oXide layer 29 is provided 
over the suicide layers 26 and 28. The device surface is 
polished to the level of the top of the Workfunction implants 
11 thereby creating a fully planariZed ?n device 10. Lastly, 
the contacts (not shoWn) necessary for electrical connections 
to the device 10 are formed. 

[0063] The cross-sectional vieWs of FIGS. 13A and 13B 
shoW the elements and layers of the improved ?n device 10. 
More speci?cally, the device 10 is formed on a substrate 5, 
Which may be made of silicon. The substrate is placed on a 
boX 50 to facilitate the manufacturing process. The substrate 
5 is partially etched or cut back and ?lled With an oXide layer 
20 as shoWn in FIG. 13A. On top of the substrate 5 is the 
vertical SOI ?n 4, and on top of a segment of the ?n 4 is a 
thin oXide layer 20 forming the base of a halo structure. On 
both sides of the ?n 4 are thin oXide layers 12. Surrounding 
the ?n 4 and covering the substrate 5 is a thick polysilicon 
layer 21. 
[0064] On top of the oXide layer 20, Which is positioned on 
the top of a portion of the ?n 4, are tWo nitride source and 
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drain implants 23. The tWo nitride source and drain implants 
23 are separated by a polysilicon layer 21. The polysilicon 
layer 21 separating the nitride source and drain implants 21 
is coated With a thin silicide layer 28. The polysilicon layer 
25 on either side of the nitride source and drain implants 21 
is coated With a thin silicide layer 26. The silicide that forms 
silicide layers 26 and 28 may be, in a preferred embodiment, 
a cobalt silicide. As described above, hoWever, titanium 
silicide may also be used. Oxide layers 27 and 29 form the 
top layer of the ?n device 10. Workfunction implants 11 are 
located Within the top oxide layer 27 on either side of the 
halo structure. As described above, after the ?nal oxide 
layers 27 and 29 and Workfunction implants 11 are fabri 
cated as part of the ?n device 10, the top is polished to create 
a fully planariZed device as shoWn in FIGS. 13A and 13B. 
The polishing or planariZing of the ?n device 10 may be 
accomplished by a CMP technique. 

[0065] A speci?c cross-section of the ?n device 10 manu 
factured in accordance With the present invention is illus 
trated in FIG. 15A. One aspect of the performance of the 
improved ?n device 10 is shoWn in the FIG. 15B graph of 
electron concentration versus penetration or depth into the 
cross section of the vertical ?n device. The exemplary ?n 
device shoWn has a 10 nm thick ?n 4 and a 1.5 nm thick 
oxide layer 12 on either side of the ?n 4. The calculated data 
shoWn in FIG. 15B are for the threshold voltage as Well as 
four increasing levels of threshold voltages each differing by 
50 mV. Both the standard classical equation results (the 
diamond data points) and quantum mechanic (“QM”) analy 
sis results (the “plus” data points) are shoWn. It is believed 
that the QM data are more representative of the character 
istics of devices having dimensions in the nanometer range. 

[0066] For the loWer three threshold voltage levels, the 
electron concentration essentially increases from Zero to a 
plateau level as depth into the gate oxide and silicon ?n 
increases. For the larger tWo threshold voltages, the electron 
concentration sharply peaks at or near the gate oxide and 
then quickly drops to a loWer level near the middle of the 
silicon ?n. 

[0067] Simulation results also shoW that the ?n device, 
having a ?n thickness of 10 nm, exhibits a subthreshold 
voltage slope of approximately 60 to 62 mV/decade as 
compared to the standard classical results Which shoW a 
slope of 88 mV/decade. The QM analysis results shoW a 
slope of 92 mV/decade. Therefore, the ?n device of the 
present invention has a steeper subthreshold voltage slope 
and Will exhibit a higher pinch-off voltage and an accord 
ingly higher saturation on-current as compared to devices 
having characteristics described by the classical and QM 
analyses. 

[0068] Although illustrated and described above With ref 
erence to certain speci?c embodiments, the present inven 
tion is nevertheless not intended to be limited to the details 
shoWn. Rather, various modi?cations may be made in the 
details Within the scope and range of equivalents of the 
claims and Without departing from the spirit of the invention. 

What is claimed is: 

1. A process for fabricating a ?n device as the body for a 
?eld effect transistor, comprising the steps of 
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(a) forming a vertical semiconductor-on-insulator ?n on a 
substrate With an oxide layer on top of a segment of 
said ?n; 

(b) depositing a polysilicon layer; 

(c) forming a source and a drain separated by a polysilicon 
channel on top of the oxide layer that is on top of the 
segment of the ?n; 

(d) depositing a silicide layer over the exposed polysilicon 
layer; 

(e) depositing an oxide layer over the ?n; 

(f) polishing the oxide layer; and 

(g) implanting dual Workfunction elements into the top of 
the polished oxide layer. 

2. The process of fabricating a ?n device of claim 1, 
further comprising the step of polishing the top of the device 
to create a fully planariZed ?n device. 

3. The process of fabricating a ?n device of claim 1, 
Wherein the resulting ?n device is adapted to be packaged to 
provide at least ten devices Within approximately a one 
micrometer Width. 

4. The process of fabricating a ?n device of claim 1, 
Wherein the separation of the source and drain is approxi 
mately 10 nm. 

5. The process of fabricating a ?n device of claim 1, 
Wherein the source and drain are formed from silicon nitride. 

6. The process of fabricating a ?n device of claim 1, 
Wherein the ?n device is an anisotropic semiconductor-on 
insulator. 

7. The process of fabricating a ?n device of claim 1, 
Wherein the polishing process in step is chemical 
mechanical polishing. 

8. The process of fabricating a ?n device of claim 1, 
Wherein the oxide deposition layer in steps (a) and (e) is a 
high density plasma oxide. 

9. A process for fabricating a ?n device, comprising the 
steps of: 

(a) depositing a dielectric on a substrate; 

(b) etching the dielectric to form a vertical ?n; 

(c) sequentially depositing a nitride composition layer and 
an oxide composition layer; 

(d) etching the oxide layer to expose a section of the ?n; 

(e) etching the nitride layer from the exposed section of 
the ?n; 

(f) depositing a polysilicon layer; 

(g) polishing the polysilicon layer and ?n to a selected ?n 
height; 

(h) removing the oxide layer and the nitride layer; 

(i) depositing an oxide layer; 

implanting dual channel elements; 

(k) depositing a polysilicon layer and a nitride layer; 

(1) etching selectively the nitride layer and polysilicon 
layer to form a halo over the ?n; 

(m) implanting a source and a drain onto the halo; 

(n) etching the oxide layer; 
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(0) depositing a polysilicon layer; 

(p) polishing the polysilicon layer to planariZe the poly 
silicon layer With nitride layer; 

(q) etching the polysilicon layer; 

(r) depositing sequentially a silicide layer and an oxide 
layer; 

(s) polishing the oxide layer to planariZe the oxide layer 
and nitride layer; 

(t) etching the nitride layer to expose the polysilicon layer 
betWeen the source and drain; 

(u) implanting Workfunction elements into the oxide layer 
on either side of the ?n; 

(v) forming a silicide layer betWeen the source and drain; 

(W) depositing an oxide layer; 

(X) polishing the oxide layer to form a planar surface; and 

(y) forming dual contacts in the device. 
10. The process of fabricating a ?n device of claim 9, 

Wherein the etching process in steps (b), (d), (e), (n), (q), and 
(t) is reactive ion etching. 

11. The process of fabricating a ?n device of claim 9, 

Wherein the polishing process in steps (g), (p), (s), and is chemical mechanical polishing. 

12. The process of fabricating a ?n device of claim 9, 
Wherein the oxide deposition layer in steps (c), (i), (r), and 
(W) is a high density plasma oxide. 

13. The process of fabricating a ?n device of claim 9, 
Wherein the resulting ?n device is fully planariZed. 

14. The process of fabricating a ?n device of claim 9, 
Wherein the resulting ?n device is adapted to be packaged to 
provide at least ten devices Within approximately a one 
micrometer Width. 

15. The process of fabricating a ?n device of claim 9, 
Wherein the separation betWeen the source and drain is 
approximately 10 nm. 

16. The process of fabricating a ?n device of claim 9, 
Wherein the oxide separating the ?n from the polysilicon has 
a Width of approximately 1.5 nm. 
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17. The process of fabricating a ?n device of claim 9, 
Wherein the source and drain are formed from silicon nitride. 

18. The process of fabricating a ?n device of claim 9, 
Wherein the ?n is an anisotropic semiconductor-on-insulator. 

19. The process of fabricating a ?n device of claim 9, 
Wherein the halo formed in step (1) is formed by polycrys 
talline lithograph y. 

20. A planariZed ?n device, comprising: 

a substrate; 

a vertical ?n formed on a portion of the substrate, leaving 
a remaining portion of the substrate exposed; 

an oxide layer covering the ?n and the exposed substrate; 

a source and drain formed on top of the oxide layer; 

a polysilicon halo separating the source and drain; 

a silicide layer covering the polysilicon layer; 

a top oxide layer; and 

dual Workfunction implants positioned Within the top 
oxide layer and forming, With the top oxide layer, a 
planariZed top surface of the ?n device. 

21. The planariZed ?n device of claim 20 Wherein the ?n 
device is adapted to be packaged to provide at least ten 
devices Within approximately a one micrometer Width. 

22. The planariZed ?n device of claim 20 Wherein the 
separation of the source and drain is approximately 10 nm. 

23. The planariZed ?n device of claim 20 Wherein the 
oxide separating the ?n from the polysilicon has a Width of 
approximately 1.5 nm. 

24. The planariZed ?n device of claim 20 Wherein the 
polysilicon halo is formed by polycrystalline lithography. 

25. The planariZed ?n device of claim 20 Wherein the 
source and drain are formed from silicon nitride. 

26. The planariZed ?n device of claim 20 Wherein the 
vertical ?n is an anisotropic semiconductor-on-insulator. 

27. The planariZed ?n device fabricated according to the 
process of claim 1. 

28. The planariZed ?n device fabricated according to the 
process of claim 9. 


