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(57) ABSTRACT 

A device for regulating a flow of electric current and its 
manufacturing method are provided. The device includes 
metal-insulator-Semiconductor Source-drain contacts form 
ing Schottky barrier or Schottky-like junctions to the Semi 
conductor Substrate. The device includes an interfacial layer 
between the Semiconductor Substrate and a metal Source 
and/or drain electrode, thereby dynamically adjusting a 
Schottky barrier height by applying different bias condi 
tions. The dynamic Schottky barrier modulation provides 
increased electric current for low drain bias conditions, 
reducing the Sub-linear turn-on characteristic of Schottky 
barrier MOSFET devices and improving device perfor 
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DYNAMIC SCHOTTKY BARRIER MOSFET 
DEVICE AND METHOD OF MANUFACTURE 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
0001. This application claims the benefit of and priority 
to U.S. provisional patent application No. 60/513,410, filed 
Oct. 22, 2003. This application also claims the benefit of and 
priority to U.S. provisional patent application No. 60/514, 
041, filed Oct. 24, 2003. Each of the above provisional 
patent applications is incorporated by reference herein in 
their entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to devices for regu 
lating the flow of electric current, and has specific applica 
tion to the fabrication of these devices in the context of an 
integrated circuit (“IC"). More particularly, it relates to a 
transistor for regulating the flow of electric current having 
metal Source and/or drains forming Schottky-barrier or 
Schottky-like contacts to a channel region. 

BACKGROUND OF THE INVENTION 

0003. One type of transistor known in the art is a Schot 
tky-barrier metal oxide Semiconductor field effect transistor 
(Schottky-barrier MOSFET or SB-MOS). As shown in FIG. 
1, the SB-MOS device 100 comprises a semiconductor 
Substrate 110 in which a source electrode 120 and a drain 
electrode 125 electrode are formed, Separated by a channel 
region 140 having channel dopants. The channel region 140 
is the current-carrying region of the substrate 110. For 
purposes of the present invention, the channel region 140 in 
the semiconductor Substrate extends vertically below the 
gate insulator 150 to a boundary approximately aligned with 
the bottom edge of the source 120 and bottom edge of the 
drain 125 electrodes. The channel dopant concentration 
profile typically has a maximum concentration 115, which is 
below the Source 120 and drain 125 electrodes, and thus 
outside of the channel region 140. For the purpose of the 
present invention, channel dopants are not constrained to be 
provided exclusively within the channel region 140, but may 
be found in regions Substantially outside of the channel 
region 140. 

0004 For a SB-MOS device at least one of the source 120 
or the drain 125 contacts is composed partially or fully of a 
metal silicide. Because at least one of the Source 120 or the 
drain 125 contacts is composed in part of a metal, they form 
Schottky or Schottky-like contacts 130,135 with the Sub 
strate 110 and the channel region 140. A Schottky contact is 
defined as a contact formed by the intimate contact between 
a metal and a Semiconductor, and a Schottky-like contact is 
defined as a contact formed by the close proximity of a 
Semiconductor and a metal. The Schottky contacts or Schot 
tky-like contacts or junctions 130, 135 may be provided by 
forming the source 120 or the drain 125 from a metal 
Silicide. The channel length is defined as the distance from 
the source 120 contact to the drain 125 contact, laterally 
acroSS the channel region 140. 
0005. The Schottky or Schottky-like contacts 130, 135 
are located in an area adjacent to the channel region 140 
formed between the source 120 and drain 125. An insulating 
layer 150 is located on top of the channel region 140. The 
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insulating layer 150 is composed of a material Such as 
silicon dioxide. The channel region 140 extends vertically 
from the insulating layer 150 to the bottom of the source 120 
and drain 125 electrodes. A gate electrode 160 is positioned 
on top of the insulating layer 150, and a thin insulating layer 
170 surrounds the gate electrode 160. The thin insulating 
layer 170 is also known as the spacer. The gate electrode 160 
may be doped poly silicon. The source 120 and drain 125 
electrodes may extend laterally below the spacer 170 and 
gate electrode 160. A field oxide 190 electrically isolates 
devices from one another. An exemplary Schottky-barrier 
device is disclosed in Spinnaker's U.S. Pat. No. 6,303,479. 
0006 Another type of MOSFET transistor known in the 
art is a conventional impurity-doped Source-drain transistor 
or conventional MOSFET. This device is similar to the 
SB-MOS device shown in FIG.1. The key difference is that 
the metal source-drain regions 120,125 of the SB-MOS are 
replaced with impurity doping in the Semiconductor Sub 
Strate for the conventional MOSFET. 

0007 One of the important performance characteristics 
for a MOSFET device is the drive current (I), which is the 
electrical current from Source to drain when the applied 
Source voltage (V) is grounded, and the gate (V) and drain 
(V) are biased at the Supply voltage (V). Drive current is 
one of the important parameters that determines circuit 
performance. For example, the Switching Speed of a tran 
Sistor Scales as I, So that higher drive current devices Switch 
faster, thereby providing higher performance integrated cir 
cuits. 

0008 FIG. 2 shows the relationship of drive current (I) 
232 for varying gate voltage (V) and drain voltage (V)231 
for a SB-MOS and a conventional MOSFET. One charac 
teristic of SB-MOS device I-V curves is the sub-linear 
shape for low V. 231, as shown by the solid lines 210,215, 
220.225,230. Each of the I-V curves 210,215,220.225,230 
has a different V. The I-V profile at low V is known as 
the turn-on characteristic. Conventional MOSFET transistor 
technologies have a linear I-V turn-on characteristic at low 
V, as shown by the dashed lines 235.240.245,250,255 in 
FIG. 2. Each of the I-V curves 235.240.245,250,255 has 
a different V. The Sub-linear I-V turn-on characteristic of 
the SB-MOS device increases as the channel length 
decreases and can potentially reduce transistor performance, 
possibly reducing the effective Switching Speed of the device 
for example. Sub-linear turn-on has been observed in the 
literature and referenced as a reason why SB-MOS devices 
will not be of practicable use in integrated circuits (B. 
Winstead et al., IEEE Transactions on Electron Devices, 
2000, pp. 1241-1246). Industry literature consistently 
teaches that the Schottky barrier height (p. Should be reduced 
or made less than Zero in order to minimize the Sub-linear 
turn-on phenomenon and thus to make SB-MOS device 
performance competitive with alternative MOSFET device 
technologies (J. Kedzierski et al., IEDM, 2000, pp. 57-60; E. 
Dubois et al., Solid State Electronics, 2002, pp. 997-1004; J. 
Guo et al., IEEE Transaction on Electron Devices, 2002, pp. 
1897-1902; K. Ikeda et al., IEEE Electronic Device Letters, 
2002, pp. 670-672; M. Tao et al., Applied Physics Letters, 
2003, pp. 2593-2595). 
0009. There is a need in the industry for teaching a 
SB-MOS device and method of fabrication that provides a 
means for improving the turn-on characteristic thereby pro 
Viding improved performance. 
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BRIEF SUMMARY OF THE INVENTION 

0010. In one aspect, the present invention provides a 
method of fabricating a Schottky barrier MOSFET (SB 
MOS) device wherein at least one of the source and drain 
contact regions is comprised of a metal and wherein the 
SB-MOS device includes an interfacial layer located 
between at least one of the metal Source or drain electrodes 
and the Semiconductor Substrate, thereby forming a Schottky 
or Schottky-like contact. In one embodiment of the present 
invention, the interfacial layer is comprised of a conducting, 
Semiconducting, or insulating material. 
0.011 While multiple embodiments are disclosed, still 
other embodiments of the present invention will become 
apparent to those skilled in the art from the following 
detailed description, which shows and describes illustrative 
embodiments of the invention. As will be realized, the 
invention is capable of modifications in various obvious 
aspects, all without departing from the Spirit and Scope of the 
present invention. Accordingly, the drawings and detailed 
description are to be regarded as illustrative in nature and not 
restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 illustrates a sectional view of a prior art 
Schottky-barrier metal oxide semiconductor field effect tran 
sistor (“MOSFET"); 
0013 FIG. 2 illustrates transistor curves for a SB-MOS 
device and an impurity doped source-drain MOSFET 
device; 
0.014 FIG. 3 illustrate a sectional view of an exemplary 
embodiment of the present invention metal-insulator-Semi 
conductor (MIS) source-drain SB-MOS device; 
0.015 FIG. 4 illustrates an exemplary embodiment of the 
present invention process using implantation of the Semi 
conductor Substrate; 
0016 FIG. 5 illustrates an exemplary embodiment of the 
present invention process using a patterned Silicon film on a 
thin gate insulator; 
0017 FIG. 6 illustrates an exemplary embodiment of the 
present invention proceSS using a formation of thin insulator 
Sidewalls, and exposure of the Silicon in the gate, Source and 
drain areas, 
0018 FIG. 7 illustrates an exemplary embodiment of the 
present invention process using an at least partially isotropic 
etch; 
0019 FIG. 8 illustrates an exemplary embodiment of the 
present invention proceSS using a formation of a thin inter 
facial layer; 
0020 FIG. 9 illustrates an exemplary embodiment of the 
present invention process using an anisotropic etch; 
0021 FIG. 10 illustrates an exemplary embodiment of 
the present invention proceSS using a metal deposition, 
Silicidation anneal, and removal of unreacted metal; 
0022 FIG. 11 illustrates band diagrams for an exemplary 
Zero electric field two-terminal MIS diode device; 
0023 FIG. 12 illustrates band diagrams for an exemplary 
biased two-terminal MIS diode device; 
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0024 FIG. 13 illustrates band diagrams for different gate 
bias conditions for the Source-channel junction for a SB 
MOS device having only metal in the Source-drain regions 
and no interfacial insulator layer; and 
0025 FIG. 14 illustrates band diagrams for different gate 
bias conditions for the Source-channel junction for an exem 
plary embodiment of the present invention MIS source-drain 
SB-MOS device. 

0026 FIG. 15 illustrates an alternative exemplary 
embodiment of the present invention proceSS using a metal 
gate. 

0027 FIG. 16 illustrates a cross-sectional view of 
another exemplary embodiment of the present invention 
process using a metal-insulator Semiconductor (MIS) 
Source-drain SB-MOS device. 

0028 FIG. 17 illustrates a cross-sectional view of yet 
another exemplary embodiment of the present invention 
process using a metal-insulator-Semiconductor (MIS) 
Source-drain SB-MOS device. 

DETAILED DESCRIPTION 

0029. In general, the present invention provides method 
of fabrication of SB-MOS devices. In one embodiment of 
the present invention, the method includes providing a 
Semiconductor Substrate and doping the Semiconductor Sub 
Strate and channel region. The method further includes 
providing a first electrically insulating layer in contact with 
the semiconductor Substrate. The method further includes 
providing a gate electrode on the first insulating layer, 
providing a Second insulating layer around the gate electrode 
including the gate electrode Sidewalls, and exposing the 
Substrate on one or more areas proximal to the gate elec 
trode. In the present invention, the term proximal is defined 
as being located within a lateral distance away of approxi 
mately 500 A from one or more said objects. For example, 
in the previous Sentence, the Substrate is exposed in one or 
more areas proximal to the gate electrode, or the one or more 
areas are located within a lateral distance away of approxi 
mately 500 A from the gate electrode. The method further 
includes etching of the exposed areas proximal to the gate 
electrode using a partially isotropic etch. The method further 
includes providing an interfacial layer on the exposed Semi 
conductor Substrate at least in areas proximal to the gate 
electrode and first insulating layer, the interfacial layer 
comprising a conducting, Semiconducting, or insulating 
material, but preferably an insulating material. The method 
further includes using an anisotropic etch to expose the 
Semiconductor Substrate in areas proximal but not below the 
gate electrode and providing an insulating layer on the gate 
electrode sidewalls. The method further includes depositing 
a thin film of metal and reacting the metal with the exposed 
Substrate, Such that a metal Silicide forms on the Substrate. 
The method further includes removing any unreacted metal. 
0030. One of the advantages of the present invention is 
that the metal Source and drain electrodes provide Signifi 
cantly reduced parasitic Series resistance (~10 S2-um) and 
contact resistance (less than 10 S2-cm ). The built-in 
Schottky barrier at the Schottky contacts provides Superior 
control of off-State leakage current. The device Substantially 
eliminates parasitic bipolar action, making it uncondition 
ally immune to latch-up, Snapback effects, and multi-cell 
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Soft errors in memory and logic. Elimination of bipolar 
action also significantly reduces the occurrence of other 
deleterious effects related to parasitic bipolar action Such as 
Single event upsets and Single cell Soft errors. The device of 
the present invention is easily manufacturable, requiring two 
fewer masks for Source/drain formation, no shallow exten 
Sion or deep Source/drain implants, and a low temperature 
Source/drain formation process. Due to low temperature 
processing, integration of new, potentially key materials 
Such as high K gate insulators, Strained Silicon and metal 
gates is made easier 
0.031 FIG. 3 shows a cross-sectional view of a preferred 
exemplary embodiment of the present invention, as exem 
plified by a metal-insulator-semiconductor (MIS) source 
drain SB-MOS structure 300. This embodiment comprises a 
SB-MOS device in which at least one of the Source 305 or 
drain 310 regions consist of metal, So that there is no doping 
in the Source and/or drain regions. In this embodiment, the 
device includes an interfacial layer 315, comprised of a 
conducting, Semiconducting, or insulating material, placed 
between at least one of the metal source 305 or drain 310 
electrodes and the semiconductor Substrate 301, the inter 
facial layer 315 being in contact with a channel region 320, 
thereby forming a first Schottky barrier or Schottky-like 
contact 325 to the channel region 320. In one preferred 
embodiment, the interfacial layer 315 is an insulating mate 
rial. A second Schottky or Schottky-like barrier 330 is 
formed along the portion of the metal source 305 and/or 
drain 310 electrodes having direct contact between the metal 
and the semiconductor substrate 301. The present invention 
does not recognize any limitations in regards to what types 
of metals may be used in affecting the teachings of the 
present invention. Thus, metals commonly used at the 
transistor level, Such as titanium, cobalt and the like, are 
Specifically anticipated, as well as a plethora of more exotic 
metals and other alloys. Various metal Silicides may also be 
employed, Such as Platinum Silicide, Palladium Silicide, 
Iridium Silicide, and/or the rare-earth silicide, all of which 
should be considered as being within the Scope of the 
teachings of the present invention. It is also noted that in 
another embodiment, the metal source/drain regions 305, 
310 may be composed of multiple layers of metals and/or 
metal Silicides. 

0032. In one preferred embodiment, an Indium or Arsenic 
layer 340 is used as the channel and substrate dopants for a 
Schottky barrier N-type MOSFET (SB-NMOS) or a Schot 
tky barrier P-type MOSFET (SB-PMOS) devices, respec 
tively. These dopant atoms are used due to their relatively 
low rates of diffusion through the Silicon lattice (compared 
to Phosphorous and Boron, the other two possible candi 
dates for channel and substrate dopants). This allows for 
greater thermal budget during fabrication of the device, and 
therefore leSS Statistical variation in the characteristics of the 
finished product. The present invention does not recognize 
any limitations in regards to what types of dopants may be 
used in the present invention. 
0033. In one preferred embodiment, the gate electrode 
345 is fabricated from Boron or Phosphorous doped poly 
silicon films for the P-type and N-type devices, respectively. 
In this instance, Boron or Phosphorous are used due to their 
large Solid-Solubilities (compared to Arsenic and Indium). 
Alternatively, a metal gate may be used. In the present 
embodiment, the gate electrode 345 may be less than 100 nm 
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in width (corresponding to the channel length L). The gate 
electrode 345 has an electrically insulating sidewall 350, 
which may be an oxide, a nitride, or a multi-layer Stack of 
differing insulating materials. 
0034. Devices are separated from each other by an insu 
lating layer (not shown), Such as a thermally grown oxide 
(called a Field Oxide) that works in conjunction with 
channel and Substrate dopants to electrically isolate the 
devices from each other. This field oxide may be provided 
for by a conventional process, such as a LOCOS or STI 
proceSS. 

0035. One exemplary process for the fabrication of a MIS 
Source/drain SB-MOS device is illustrated in FIGS. 4-10. 
While this process is exemplary of the broad teachings of the 
present invention, it will be instructive to one skilled in the 
art to teach the fundamental concepts of the present inven 
tion. It is noted that this exemplary proceSS is not limitive 
and that additional processes which are specifically antici 
pated by the present invention will be apparent to one skilled 
in the art. This exemplary proceSS flow may be described as 
follows: 

0036 FIG. 4 shows a silicon substrate 410 that has 
means for electrically isolating transistors from one another. 
Throughout the discussion herein, there will be examples 
provided that make reference to a Semiconductor Substrate 
on which an SB-MOS device is formed. The present inven 
tion does not restrict the Semiconductor Substrate to any 
particular type. One skilled in the art will readily realize that 
many semiconductor Substrates may be used for SB-MOS 
including Silicon, Silicon germanium, gallium arsenide, 
indium phosphide, Strained Semiconductor Substrates, sili 
con on insulator, Substrates of various crystallographic ori 
entation Such as <110> and <100>. In another embodiment, 
the silicon Substrate 410 is strained. The use of a strained 
silicon Substrate 410 in combination with a SB-MOS device 
results in additional improvements in power and Speed 
performance. In another embodiment, the substrate is SOI. 
An SOI Substrate comprises a Semiconductor material, Such 
as Silicon having a thickness of approximately 20 nm to 100 
nm, on a buried insulating material, Such as Silicon dioxide 
(SiO2) having a thickness of approximately 100 nm to 400 
nm, which is formed on a Semiconductor Substrate. These 
Substrate materials and others may be used and are within 
the Scope of the teachings of the present invention. 
0037. As shown in FIG. 4, a thin screen oxide 420 is 
grown on the Substrate 410 to act as an implant mask. In one 
embodiment, the oxide is grown to a thickness of about 200 
A. The appropriate channel dopant Species 430 is then 
ion-implanted through the Screen oxide 420 Such that a 
maximum dopant concentration 440 is provided to a pre 
determined depth D1 (450) in the silicon. In one embodi 
ment the channel dopant Species is Arsenic for P-type 
devices and Indium for N-type devices, however any other 
channel dopant Species commonly used at the transistor for 
P-type or N-type devices is Specifically anticipated by the 
present invention. In another embodiment, the channel 
dopant concentration profile varies significantly in the Ver 
tical direction but is generally constant in the lateral direc 
tion. In a further embodiment, the depth D1450 of the 
maximum dopant concentration is approximately 20 to 200 

0038. As shown in FIG. 5, the screen oxide is then 
removed in a chemical etch, and a thin gate insulator 510, 
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Such as Silicon dioxide is grown. In one embodiment the 
Screen oxide etch is comprised of hydrofluoric acid, how 
ever other chemistries commonly used to etch oxide, includ 
ing both wet and dry etches, are specifically anticipated. In 
another embodiment, the thin gate insulator is comprised of 
silicon dioxide with a thickness of approximately 6 to 50 A. 
In a further embodiment, a material having a high dielectric 
constant (high K) is provided. Examples of high K materials 
are those materials having dielectric constants greater than 
that of Silicon dioxide, including for example nitrided Silicon 
dioxide, Silicon nitride, and metal oxides Such as TiO, 
Al2O3, La2O, HfO2, ZrO2, CeO2, Ta-Os, WO, YO, and 
LaAlO, and the like. The gate insulator growth is imme 
diately followed by providing an in-situ doped Silicon film. 
The gate insulator growth is immediately followed by pro 
viding an in-situ doped silicon film. The film is heavily 
doped with, for example, Phosphorous for an N-type device 
and Boron for a P-type device. Using lithographic tech 
niques and a Silicon etch that is highly Selective to the gate 
insulator, the gate electrode 520 is patterned as shown in the 
process step 500 illustrated in FIG. 5. In another exemplary 
embodiment, a metal gate electrode may be provided. In 
another embodiment, following gate electrode patterning, 
additional channel dopants are provided and result in a 
channel dopant concentration profile that varies significantly 
in both the vertical and lateral directions. 

0039. As shown in FIG. 6, a thin insulator is then 
provided on the top surface 625 and sidewalls 610 of the 
Silicon gate electrode 520. In one embodiment, the thin 
insulator is a thermally grown oxide that has a thickness of 
approximately 50 to 500 A. In another embodiment, the 
thermally grown thin oxide is provided by a rapid thermal 
oxidation (RTO) process having a maximum temperature of 
900 to 1200° C. for a dwell time of 0.0 to 60 seconds. One 
skilled in the art will readily realize that there are many 
manufacturing methods for providing thin insulator layers 
such as deposition. One skilled in the art will further realize 
that other materials may be used for the thin insulator Such 
as nitrides and the insulating layer may be comprised of 
multiple insulator materials. An anisotropic etch is then used 
to remove the insulator layer on the horizontal Surfaces (and 
thus expose the silicon 620, 625) thereby exposing the 
horizontal Surface, while preserving the insulator layer on 
the vertical surfaces. In this way, a sidewall insulator 610 is 
formed. It will be obvious to one skilled in the art that the 
gate electrode 520 and the sidewall insulator 610 function as 
a mask to the anisotropic etch Such that the openings in the 
thin insulator layer on the Silicon Substrate are proximal with 
the gate electrode 520. In the embodiment in which the thin 
insulator is approximately 50 to 500 A, the openings in the 
thin insulator layer will be proximal to the gate electrode 520 
and located within a lateral distance away from the gate 
electrode 520 that is approximately 50 to 500 A. In one 
exemplary embodiment, the Silicon Surface 620 is recessed 
below the bottom of the gate insulator to a depth D2630 of 
approximately 1 nm to approximately 5 nm. In the embodi 
ment in which an RTO process is used to provide the 
Sidewall insulator, the dopants both in the gate electrode and 
in the channel region of the device are electrically activated 
Simultaneously with the Sidewall insulator formation, as 
shown in the process step 600 illustrated in FIG. 6. 
0040. As shown in FIG. 7, a second etch process step 
etches the semiconductor Substrate both laterally and verti 
cally. This etch is known as a partially isotropic etch. In one 
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embodiment, a partially isotropic etch having a lateral etch 
rate at least 10% of a vertical etch rate is used. In another 
embodiment, a partially isotropic etch having a vertical etch 
rate at least 10% of a lateral etch rate is used. The depth of 
the second etch is D3710. The lateral etch displaces the 
exposed vertical sidewall of the semiconductor Substrate 720 
laterally a distance L1730 from the edge of the sidewall 
oxide 610 to a position below the gate electrode 520. 
Because the etch is partially isotropic, L1 may be less than 
or equal to ten times D3 or D3 may be less than or equal to 
ten times L1. In yet another embodiment, an etch having a 
lateral etch rate approximately equal to a vertical etch rate is 
used. For this embodiment, D3 may be approximately equal 
to L1. The lateral etch provides a means for decreasing the 
channel length by an amount of approximately two times L1. 
In one embodiment, the vertical etch rate is Sufficient to form 
an exposed vertical surface 720 of the semiconductor Sub 
strate 410 laterally below the gate electrode 520, as shown 
in the process step 700 illustrated in FIG. 7. In yet a further 
embodiment, the partially isotropic etch is provided by any 
one or a combination of a SF dry etch, a HF:HNO wet etch, 
or any wet or dry etch that is commonly used for the purpose 
of etching Semiconductor material. 
0041 As shown in FIG. 8, an interfacial layer 810 is 
formed on the exposed horizontal and vertical Surfaces of 
the semiconductor Substrate 410. In one embodiment, the 
interfacial layer 810 is a thermally grown silicon nitride 
(SiN) having a thickness of less than about 2 nm as shown 
in the process step 800 illustrated in FIG. 8. In another 
embodiment, the interfacial layer 810 is comprised of either 
a metal, Semiconductor or insulating material. 
0042 Process step 900 shown in FIG. 9, provides a third 
anisotropic etch to etch through the interfacial layer 810 and 
expose the Semiconductor Substrate 410, at least in areas 
proximal but not below the gate electrode 520 and gate 
electrode sidewall spacer 610. This etch exposes the silicon 
substrate to a depth D4 (910). 
0043. As shown in FIG. 10, the next step encompasses 
depositing an appropriate metal as a blanket film on all 
exposed Surfaces. Deposition may be provided by either a 
Sputter or evaporation process or more generally any thin 
film formation process. In one embodiment, the Substrate is 
heated during metal deposition to encourage diffusion of the 
impinging metal atoms to the exposed Silicon Surface 810, 
below the gate insulator. In one embodiment, this metal is 
approximately 250 A thick but more generally approxi 
mately 50 to 1000 A thick. Throughout the discussion herein 
there will be examples provided that make reference to 
Schottky and Schottky-like barriers and contacts in regards 
to IC fabrication. The present invention does not recognize 
any limitations in regards to what types of Schottky inter 
faces may be used in affecting the teachings of the present 
invention. Thus, the present invention Specifically antici 
pates these types of contacts to be created with any form of 
conductive material or alloy. For example, for the P-type 
device, the metal source and drain 1010,1020 may be 
formed from any one or a combination of Platinum Silicide, 
Palladium Silicide, or Iridium Silicide. For the N-type 
device, the metal source and drain 1010,1020 may be 
formed from a material from the group comprising Rare 
Earth Silicides such as Erbium Silicide, Dysprosium Silicide 
or Ytterbium Silicide, or combinations thereof. Any other 
metals commonly used at the transistor level, Such as 
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titanium, cobalt and the like, are specifically anticipated, as 
well as a plethora of more exotic metals and other alloys. In 
another embodiment, the Silicided Source/drain can be made 
of multiple layers of metal Silicide, in which case other 
exemplary Silicides, Such as titanium Silicide or tungsten 
Silicide for example, may be used. 
0044) The wafer is then annealed for a specified time at 
a specified temperature So that, at all places where the metal 
is in direct contact with the Silicon, a chemical reaction takes 
place that converts the metal to a metal silicide 1010, 1020, 
1030. In one embodiment, for example, the wafer is 
annealed at about 400 C. for about 45 minutes or more 
generally approximately 300 to 700° C. for approximately 1 
to 120 min. The metal that was in direct contact with a 
non-Silicon Surface Such as the gate Sidewall Spacer 610 is 
left unreacted and thereby unaffected. 
0.045. A wet chemical etch is then used to remove the 
unreacted metal while leaving the metal-Silicide untouched. 
In one embodiment, aqua regia is used to remove Platinum 
and HNO is used to remove Erbium. Any other etch 
chemistries commonly used for the purpose of etching 
Platinum or Erbium, or any other metal systems used to form 
Schottky or Schottky-like contacts are Specifically antici 
pated by the present invention. The MIS source-drain SB 
MOS device is now complete and ready for electrical 
contacting to gate 520, source 1010, and drain 1020, as 
shown in the process step 1000 illustrated in FIG. 10. 
0046. As a result of this exemplary process, Schottky or 
Schottky-like contacts are formed to the channel region 
1040 and substrate 410 respectively wherein the Schottky 
contacts are located at a position controlled by the partially 
isotropic etch process. In one embodiment, the interface 810 
of the Source 1010 and drain 1020 electrodes to the channel 
region 1040 is located laterally below the spacer 610 and is 
aligned with the edge of the Sides of the gate electrodes 
1040. In another embodiment, the interface 810 of the 
Source 1010 and drain 1020 electrodes to the channel region 
1040 is located laterally below the spacer 610 and partially 
below the gate electrode 520. In yet another embodiment, a 
gap is formed between the interface 810 of the source 1010 
and drain 1020 electrodes to the channel region 1040 and the 
edge of the sides of the gate electrode 520. 
0047 While traditional Schottky contacts are abrupt, in 
the present invention an interfacial layer is utilized between 
the Silicon Substrate and the metal. This interfacial layer may 
be ultra-thin, having a thickness of approximately 10 nm or 
leSS. Thus, the present invention Specifically anticipates 
Schottky-like contacts and their equivalents to be useful in 
implementing the present invention. Furthermore, the inter 
facial layer may comprise materials that have conductive, 
Semi-conductive, or insulator-like properties. For example, 
ultra-thin interfacial layers of oxide or nitride insulators may 
be used, or ultra-thin dopant layerS formed by dopant 
Segregation techniques may be used, or ultra-thin interfacial 
layers of a Semiconductor Such as Germanium may be used 
to form Schottky-like contacts, among others. 
0.048. By using the techniques of the present invention, 
Several benefits occur. First, the metal-insulator-Semicon 
ductor (MIS) structure provides a means for dynamically 
controlling the effective Schottky barrier height of the 
SB-MOS device. Referencing FIG. 11, band diagrams for 
an exemplary MIS diode device are shown. Basic operating 
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principles and terminology are described in the PhD thesis 
of Mark Sobolewski, Stanford University, 1989. 
0049. In FIG. 11, the band diagram for an N-type MIS 
diode is shown in an idealized Zero electric field State. In 
practice, a finite built-in field may be present in the inter 
facial insulator layer. The metal work function p (1105) and 
semiconductor electron affinity X (1110) are referenced to 
the conduction band (1115) of the insulating layer. E. 
(1120) and E (1125) are the metal and semiconductor Fermi 
levels respectively, while E (1130) is the conduction band. 
V (1135) and V (1140) are the potential drops in the 
Semiconductor Substrate depletion region and insulator 
respectively, while (1145) is the separation between the 
Fermi level and the conduction band deep in the bulk of the 
semiconductor. The insulator thickness is ti (1150) and the 
effective Schottky barrier height (p, (1155) is defined to be 
the separation between E (1120) and E (1130) at the 
Silicon-insulator interface. In the idealized Zero electric field 
state, p. (1155) is determined by p, (1105) and X (1110), 
both physical properties of the System. 

0050. In FIG. 12, a positive bias is applied to the metal 
relative to the grounded Semiconductor Substrate, thereby 
shifting E (1120) up by -V (1205) relative to E (1125). 
This induces an electric field at the interfacial insulator layer 
e (1210), thereby creating a potential drop V (1215) across 
the insulator. In this state, the new effective Schottky barrier 
height (pa (1220) is given by Equation 2. 

Equation 1 

0051) Therefore, the potential drop V (1215) in the 
insulator interfacial layer provides a means for dynamically 
changing the effective Schottky barrier height (pe (1220) 
between the metal and the Semiconductor Substrate by an 
amount V (1215). The potential drop in the insulator layer 
will be a function of the insulator layer thickness t (1150), 
the metal bias 1205 and therefore the electric field strength 
e 1210 at the insulator, and the insulator dielectric constant. 
0.052 These principles can be applied to a SB-MOS 
device having MIS source and drain contacts. When con 
sidering the MOSFET operational characteristics, the seg 
ment of the MISSource electrode in contact with the channel 
region and immediately below the gate insulator dominates 
the device performance, particularly in the on-state. Further 
more, due to the three terminal MOSFET structure, the 
electrostatic fields in the channel region of the MOSFET 
have a two-dimensional character. For this reason, the 
induced Schottky barrier modulation along the interface of 
the Source electrode to the channel region varies, having a 
maximum where the Source intersects the channel and gate 
insulator. The following discussion references an “active' 
Source MIS region. This is the source MIS structure imme 
diately below the gate insulator, which extends approxi 
mately 5-20 nm below the gate insulator along the Source 
channel junction. It is the region where the gate induced 
electric field provides the strongest potential drop in the MIS 
insulator and where approximately over 90% of current 
emission from the Source electrode occurs in the on-state. 

0053. In the off-state, with the gate and source contacts 
grounded and the drain biased at V, a first electric field will 
be provided at the insulator of the source MIS structure, 
causing a first potential drop across the insulator Via and 

Equation 2 
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therefore a first effective Schottky barrier height (p. How 
ever, an important difference between a three terminal MIS 
Source-drain MOSFET device of the present invention and 
a two terminal MIS diode is the third terminal, the gate 
electrode, which is located in close proximity to the MIS 
structure at the source. Depending on the MOSFET geom 
etry, the gate electrode may be displaced from the Source by 
approximately 1 nm while the drain electrode is displaced by 
10’s of nm. In the on-State, the Source contact remains 
grounded while the drain and gate are both biased at V. 
Due to the close proximity of the gate to the Source, a Second 
electric field, Substantially larger than the first electric field, 
is formed in the active Source MIS region, thereby inducing 
a second potential drop across the insulator Via and a 
second effective barrier height (pia. Along the vertically 
oriented portion of the Source electrode, adjacent to the 
channel region, the gate-induced electric field decreases 
while moving down from the gate insulator, thereby causing 
Via to decrease and therefore (pa to increase as a function 
of position. The Schottky barrier height modulation dramati 
cally affects the current emission characteristics from the 
Source electrode. 

0054 For SB-MOS technology, current emission from 
the Source electrode is provided by a tunneling mechanism 
in the on-state. FIG. 13 shows the band diagrams for three 
different gate biases (V) at the Source-channel interface for 
a conventional n-type SB-MOS device not having an MIS 
Structure. AS shown, in the region near the Source electrode, 
the conduction band forms a nearly triangular barrier 1310, 
1320, 1330. The total tunneling current through this Schot 
tky barrier is exponentially Sensitive to the barrier height (p. 
1340 but also the electric field at the Schottky barrier contact 
e 1350,1351,1352. It is important to note that for this 
device, the barrier height (p. 1340 is fixed, and the gate 
modulates e, 1350, 1351, 1352 thereby increasing the 
tunneling current as the gate bias is increased. 

0055 FIG. 14 shows the band diagrams for three differ 
ent gate biases Vg at the Source-channel interface for an 
N-type SB-MOS device having an MIS source/drain struc 
ture. Only a portion of the bands of the MIS insulator layer 
are shown. In the region near the Source electrode, the 
conduction band again forms a nearly triangular barrier 
1410, 1420, 1430. For a MIS device, the effective barrier 
height b 1440, 1441, 1442 is modulated by the gate at the 
same time e 1450, 1451, 1452 is modulated, thereby pro 
Viding two mechanisms for increasing the tunneling current, 
not just one (e., modulation) as is the case for a conventional 
SB-MOS device. This effect will occur for any V as long as 
V, is biased and will thereby provide improved drive current 
for low V, reducing the Sub-linear turn-on characteristic at 
low V and improving the turn-on performance of the 
SB-MOS device and providing higher drive current. 

0056. It is important that the insulator not be too thick, as 
the charge carrier tunneling probability will eventually be 
inhibited by the insulator barrier, thereby diminishing the net 
benefit of modulating the Schottky barrier to a lower level. 

0057. An additional benefit of the MIS source-drain 
SB-MOS device structure is that for a sufficiently thick 
insulator interfacial layer, it will block the penetration of the 
metal States, which cause pinning in the Silicon. (see for 
example D. Connelly, et. al. in “A New Route to Zero 
Barrier Metal Source-Drain MOSFETs' presented at the 
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2003 VLSI Symposium, Kyoto, 2003). This provides a 
means for affecting the initial barrier height prior to any gate 
biasing, and may allow for the introduction of other metals 
or metal alloys to be used as metal Source-drain contacts. 
0058. In summary, an interfacial layer disposed between 
the metal Source-drain contacts and the Semiconductor Sub 
strate of an MIS source/drain SB-MOS device provides a 
means for affecting the unbiased initial effective Schottky 
barrier height, and furthermore provides a means for 
dynamically adjusting the Schottky barrier height by chang 
ing the gate, and Secondarily the drain bias. This enables the 
introduction of numerous metals, metal Silicides and/or 
metal alloys for affecting the preferred embodiments of the 
teachings of the present invention, which otherwise would 
not be possible if employing a pure metal-Semiconductor 
Schottky barrier junction having no interfacial layer. It 
further enables substantially improved low V turn-on char 
acteristics and higher drive currents. 
0059 FIG. 15 shows a cross-sectional view of another 
preferred exemplary embodiment of the present invention, 
as exemplified by a metal-insulator-semiconductor (MIS) 
Source-drain SB-MOS structure 1500. This embodiment 
comprises a SB-MOS device in which at least one of the 
source 1505 or drain 1510 regions consist of a first 1506 and 
second 1507 metal, so that there is no doping in the source 
and/or drain regions. In this embodiment, the device 
includes an interfacial layer 1515, either conducting, Semi 
conducting, or insulating, placed between the first metal 
1506 and the semiconductor Substrate 1501, the interfacial 
layer 1515 being in contact with a channel region 1520, 
thereby forming a first Schottky barrier or Schottky-like 
contact 1525 to the channel region 1520. The interfacial 
layer 1515 is furthermore placed between the second metal 
1507 and the semiconductor Substrate, thereby forming a 
second Schottky barrier or Schottky-like contact 1526 to the 
semiconductor Substrate 1501. 

0060. The first and second metals may be provided using 
the following exemplary process. Following process Step 
800 shown in FIG. 8, a first metal is isotropically deposited, 
including in any regions below the gate electrode. The first 
metal is Subsequently anisotropically etched. A Second metal 
is then directionally deposited, to minimize deposition on 
Sidewalls of the gate electrode and a short isotropic etch is 
used to remove any metals deposited on the gate electrode 
Sidewalls or other vertical Surfaces. The transistor is masked 
and a more thorough isotropic etch of the Second metal is 
provided. In one exemplary embodiment, the first metal, 
located primarily below the gate electrode, is Selected for its 
Schottky barrier height properties to the channel region in 
order to optimize the drive and/or to optimize the leakage 
current of the device. In another exemplary embodiment, the 
Second metal, which fills the bulk of the Source-drain regions 
may be chosen based on its conductivity, with high conduc 
tivity metals preferred. Furthermore, it may be engineered as 
an alloy or a Stack of metals So that for example it presents 
a mid-gap barrier between the bulk of the Source/drain 
regions and the Semiconductor Substrate in order to control 
off-state leakage for both SB-NMOS and SB-PMOS simul 
taneously. An alloy or metal Stack may also be employed for 
the Second metal for optimizing conductivity or for its 
process integration properties, Such as its ability to provide 
an etch Stop when forming contact holes for the metalliza 
tion and wiring of the transistor device. The aforementioned 



US 2005/O139860 A1 

Selection criteria for the first and Second metals applies to 
this and all other embodiments disclosed previously or 
Subsequently. 

0061 The present invention does not recognize any limi 
tations in regards to what types of first or Second metals may 
be used in affecting the teachings of the present invention. 
Thus, metals commonly used at the transistor level, Such as 
titanium, cobalt and the like, are specifically anticipated, as 
well as a plethora of more exotic metals and other alloys that 
provide an appropriate first and Second Schottky barrier to 
optimize device performance. Various metal Silicides may 
also be employed such as Platinum silicide, Palladium 
Silicide, Iridium Silicide, and/or the rare-earth Silicides, all 
of which should be considered as being within the scope of 
the teachings of the present invention. In another embodi 
ment, the first and Second metals are the same and may be 
provided in the same proceSS Step or in two different proceSS 
StepS. 

0.062 An Indium or Arsenic layer 1540 is used as the 
channel and substrate dopants for an NMOS or PMOS 
devices, respectively. Boron may also be used as a channel 
and substrate dopant for the NMOS device. The gate elec 
trode 1545 is fabricated from Boron or Phosphorous doped 
polysilicon films for the P-type and N-type devices, respec 
tively. Alternatively, a metal gate may be used. The gate 
electrode 1545 has a gate insulator 1550 and an electrically 
insulating sidewall 1551, which may be an oxide, a nitride, 
or a multi-layer Stack of differing insulating materials as 
shown in device 1500 in FIG. 15. 

0.063 FIG. 16 shows a cross-sectional view of yet 
another preferred exemplary embodiment of the present 
invention, as exemplified by a metal-insulator-Semiconduc 
tor (MIS) source-drain SB-MOS structure 1600. This 
embodiment comprises a SB-MOS device in which at least 
one of the source 1605 or drain 1610 regions consist of a first 
1606 and second 1607 metal, so that there is no doping in the 
Source and/or drain regions. In this embodiment, the device 
includes a first interfacial layer 1615, either conducting, 
Semiconducting, or insulating, placed between the first metal 
1606 and the semiconductor Substrate 1601, the first inter 
facial layer 1615 being in contact with a channel region 
1620, thereby forming a first Schottky barrier or Schottky 
like contact 1625 to the channel region 1620. A second thick 
interfacial layer 1617 is furthermore placed between the 
Second metal 1607 and the semiconductor Substrate 1601. 
The second interfacial layer 1617 may be provided by 
angled, rotated deposition. The second interfacial layer 1617 
is not necessarily composed of the same material or mate 
rials of the first interfacial layer 1615. The second interfacial 
layer provides a large potential barrier to current transport 
from the Second metal to the Semiconductor Substrate, 
thereby reducing Source-drain leakage current. In another 
exemplary embodiment, the first and Second metals are the 
Same and may be provided in the same proceSS Step or in two 
different proceSS Steps. 

0064. The second interfacial layer may be provided by a 
Source-drain localized LOCOS process, otherwise called a 
micro-LOCOS process. Following process step 700 shown 
in FIG. 7, a thin pad oxide is deposited, followed by 
deposition of a thicker nitride layer. An anisotropic etch is 
used to etch through the nitride and pad oxide in the 
Source-drain region, exposing the Semiconductor Substrate. 
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A thick oxide is thermally grown on the exposed Semicon 
ductor Substrate and a phosphoric Strip removes any exposed 
nitride layers. A short hydrofluoric acid dip removes the pad 
oxide on the vertical Sidewalls of the channel region, fol 
lowed by formation of a thin thermally grown nitride layer. 
An advantage of this present embodiment is it avoids 
placing a thick insulator on top of the gate electrode, which 
may be a result of a Straight deposited insulator. A first metal 
is isotropically deposited, including in any regions below the 
gate electrode and is anisotropically etched. A Second metal 
is directionally deposited, to minimize deposition on Side 
walls of the gate electrode and a short isotropic etch is used 
to remove any metals deposited on the gate electrode 
Sidewalls or other vertical Surfaces. The transistor is masked 
and a more thorough isotropic etch of the Second metal is 
provided. The present invention does not recognize any 
limitations in regards to what types of first or Second metals 
may be used in affecting the teachings of the present 
invention. Thus, metals commonly used at the transistor 
level, Such as titanium, cobalt and the like, are specifically 
anticipated, as well as a plethora of more exotic metals and 
other alloys that provide an appropriate first Schottky barrier 
to optimize device performance. Various metal Silicides may 
also be employed, such as Platinum silicide, Palladium 
Silicide, Iridium Silicide, and/or the rare-earth Silicides, all 
of which should be considered as being within the scope of 
the teachings of the present invention. 
0065. An Indium or Arsenic layer 1640 is used as the 
channel and substrate dopants for an NMOS or PMOS 
devices, respectively. Boron may also be used for the 
channel and substrate dopant for NMOS. The gate electrode 
1645 is fabricated from Boron or Phosphorous doped poly 
silicon films for the P-type and N-type devices, respectively. 
Alternatively, a metal gate may be used. The gate electrode 
1645 has a gate insulator 1650 and an electrically insulating 
sidewall 1660, which may be an oxide, a nitride, or a 
multi-layer Stack of differing insulating materials as shown 
in device 1600 in FIG. 16. 

0066 Referencing FIG. 16, in yet another exemplary 
embodiment, a metal-Semiconductor (MIS) Source-drain 
SB-MOS structure may be employed. In this structure, the 
first interfacial layer 1615 would not be provided, so that the 
first metal 1606 is in direct contact with the channel region 
1620. To emphasize, no interfacial layer is provided between 
the first metal 1606 and the channel region 1620. In this 
embodiment, the first metal layer 1606 may be a metal, an 
alloy or a silicide. Furthermore, the second metal layer 1607 
may be provided using the same methods described above, 
including for example directional deposition techniques. 

0067 FIG. 17 shows a cross-sectional view of yet 
another preferred exemplary embodiment of the present 
invention, as exemplified by a metal-insulator-Semiconduc 
tor (MIS) source-drain SB-MOS structure 1700. This 
embodiment comprises a SB-MOS device in which the 
source 1705 and/or drain 1710 regions consist of a first 1706 
and optionally a second 1707 metal, so that there is no 
doping in the Source and/or drain regions. In this embodi 
ment, the device includes an interfacial layer 1715, either 
conducting, Semiconducting, or insulating, placed between 
the first metal 1706 and the semiconductor Substrate 1701, 
the interfacial layer 1715 being in contact with a channel 
region 1720, thereby forming a first Schottky barrier or 
Schottky-like contact 1725 to the channel region 1720. The 
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Source 1705 and drain 1710 regions are in contact with a 
buried oxide 1717, Such as that of an SOI substrate. The 
buried oxide 1717 provides a large potential barrier to 
current transport from the second metal 1707 to the semi 
conductor substrate 1701, thereby reducing source-drain 
leakage current. In another exemplary embodiment, the first 
and second metals 1706,1707 are the same and may be 
provided in the same proceSS Step or in two different proceSS 
StepS. 

0068. The first and second metals 1706,1707 may be 
provided using the following exemplary process. Following 
process step 800 shown in FIG. 8, the first metal 1706 is 
isotropically deposited, including in any regions below the 
gate electrode 1745. The first metal 1706 is subsequently 
anisotropically etched. The second metal 1707 is then direc 
tionally deposited, to minimize deposition on sidewalls 1760 
of the gate electrode 1745 and a short isotropic etch is used 
to remove any metals deposited on the gate electrode 
sidewalls 1760 or other vertical Surfaces. The transistor is 
masked and a more thorough isotropic etch of the Second 
metal 1707 is provided. The first and second metals 1706, 
1707 are selected based on criteria previously noted. In 
another embodiment, the first and second metals 1706,1707 
are the same and may be provided in the same process Step 
or in two different process Steps. 

0069. An Indium or Arsenic layer is used as the channel 
dopants for an NMOS or PMOS devices, respectively. 
Boron may also be used for the channel and Substrate dopant 
for NMOS. The gate electrode 1745 is fabricated from 
Boron or Phosphorous doped polysilicon films for the P-type 
and N-type devices, respectively. Alternatively, a metal gate 
may be used. The gate electrode 1745 has a gate insulator 
1750 and the electrically insulating sidewall 1760, which 
may be an oxide, a nitride, or a multi-layer Stack of differing 
insulating materials as shown in the structure 1700 in FIG. 
17. 

0070 Referencing FIG. 17, in yet another exemplary 
embodiment, a metal-Semiconductor (MIS) Source-drain 
SB-MOS structure may be employed. In this structure, the 
interfacial layer 1715 would not be provided, so that the first 
metal 1706 is in direct contact with the channel region 1720. 
To emphasize, no interfacial layer is provided between the 
first metal 1706 and the channel region 1720. In this 
embodiment, the first metal layer 1706 may be a metal, an 
alloy or a silicide. Furthermore, the second metal layer 1707 
may be provided using the same methods described above, 
including for example directional deposition techniques. 

0071. The present invention is particularly suitable for 
use in situations where short channel length MOSFETs are 
to be fabricated, especially in the range of channel lengths 
less than 100 nm. However, nothing in the teachings of the 
present invention limits application of the teachings of the 
present invention to these short channel length devices. 
Advantageous use of the teachings of the present invention 
may be had with channel lengths of any dimension. The 
present invention further anticipates the use of a plethora of 
channel, Substrate and well implant profiles. For example, 
the channel implant may be a simple profile whose profile 
varies Significantly in the vertical direction and is generally 
constant in the lateral direction. Or, for example the channel 
implant profile may be approximately Symmetric, having a 
lateral maximum concentration in approximately the center 
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of the channel region. Or, laterally and vertically non 
uniform doping profiles may be used. 
0072 Although the present invention has been described 
with reference to preferred embodiments, perSons skilled in 
the art will recognize that changes may be made in form and 
detail without departing from the Spirit and Scope of the 
invention. The present invention may be used with any of a 
number of channel, Substrate and well implant profiles. The 
present invention applies to any use of metal Source drain 
technology, whether it employs SOI substrate, strained Sili 
con Substrate, SiGe Substrate, FinFET technology, high K 
gate insulators, and metal gates. This list is not limitive. Any 
device for regulating the flow of electric current that 
employs metal Source-drain contacts will have the benefits 
taught herein. 
0073 While, the present invention is particularly suitable 
for use with SB-MOS semiconductor devices, it may also be 
applied to other Semiconductor devices. Thus, while this 
Specification describes a fabrication process for use with 
SB-MOS devices, this term should be interpreted broadly to 
include any device for regulating the flow of electrical 
current having a conducting channel that has two or more 
points of electrical contact wherein at least one of the 
electrical contacts is a Schottky or Schottky-like contact. 

We claim: 
1. A MOSFET device comprising: 

a gate electrode on a Semiconductor Substrate; 
a Source electrode and a drain electrode on the Semicon 

ductor Substrate, wherein at least one of the Source 
electrode and the drain electrode is metal; and 

an interfacial layer between the Substrate and at least one 
of the metal Source and drain electrodes. 

2. The device of claim 1 wherein the interfacial layer is 
disposed in areas at least proximal to the gate electrode. 

3. The device of claim 1 wherein an entire Schottky or 
Schottky-like junction between the Substrate and at least one 
of the metal Source and drain electrodes incorporates the 
interfacial layer. 

4. The device of claim 1 wherein at least in areas proximal 
to the gate electrode, a Schottky or Schottky-like junction 
between the Substrate and at least one of the metal Source 
and drain electrodes incorporates the interfacial layer. 

5. The device of claim 1 wherein at least one of the metal 
Source and drain electrodes having the interfacial layer form 
a Schottky or Schottky-like junction to the substrate. 

6. The device of claim 1 wherein the interfacial layer 
comprises an insulator. 

7. A method of manufacturing a MOSFET device for 
regulating a flow of electrical current, the method compris 
Ing: 

providing a gate electrode on a Semiconductor Substrate; 
exposing the Semiconductor Substrate in an area proximal 

to the gate electrode, 
etching the Semiconductor Substrate on the exposed area 

using an at least partially isotropic etch; 

depositing a thin film of metal in the etched area of the 
Semiconductor Substrate; and 
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reacting the metal with the Semiconductor Substrate Such 
that at least one of a Schottky or Schottky-like source 
electrode and drain electrode is formed. 

8. The method of claim 7 wherein the etching step is 
performed using an etch having a lateral etch rate of from 
approximately one-tenth to ten times of a vertical etch rate. 

9. The method of claim 7 wherein the etching step is 
performed using an etch having approximately the same 
lateral and Vertical etch rates. 

10. The method of claim 7 wherein the gate electrode is 
provided by the Steps comprising: 

providing a thin insulating layer on the Semiconductor 
Substrate; 

depositing a thin conducting film on the thin insulating 
layer; 

patterning and etching the thin conducting film to form 
the gate electrode; and 

forming at least one thin insulating layer on at least one 
Sidewall of the gate electrode. 

11. The method of claim 7 further comprising removing 
unreacted metal from the MOSFET device after forming the 
Schottky or Schottky-like source and drain electrodes. 

12. The method of claim 7 wherein the reacting step is 
performed by thermal annealing. 

13. The method of claim 7 wherein the Source electrode 
and the drain electrode are formed from a member of the 
group consisting of: Platinum Silicide, Palladium Silicide 
and Iridium Silicide, and channel dopants in the Semicon 
ductor Substrate are Selected from the group consisting of: 
Arsenic, Phosphorous, and Antimony. 

14. The method of claim 7 wherein the Source electrode 
and the drain electrode are formed from a member of the 
group consisting of the rare-earth Suicides, and channel 
dopants in the Semiconductor Substrate are Selected from the 
group consisting of Boron, Indium, and Gallium. 

15. The method of claim 7 wherein Schottky or Schottky 
like contact is formed at least in areas adjacent to a channel 
between the Source and drain electrodes. 
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16. The method of claim 7 wherein an entire Surface of the 
at least one of the Source electrode and the drain electrode 
forms a Schottky or Schottky-like contact with the semi 
conductor Substrate. 

17. The method of claim 7 wherein before the step of 
providing the gate electrode, dopants are introduced into the 
Semiconductor Substrate. 

18. The method of claim 7 wherein the semiconductor 
Substrate has a channel dopant concentration that varies 
Significantly in a vertical direction and is generally constant 
in a lateral direction. 

19. A method of manufacturing a device for regulating a 
flow of electrical current, the method comprising: 

exposing a Semiconductor Substrate in an area proximal to 
a gate electrode, etching the Semiconductor Substrate 
on the exposed area using an at least partially isotropic 
etch; and depositing and thermally annealing a thin film 
of metal with the Semiconductor Substrate Such that a 
Schottky or Schottky-like source electrode and drain 
electrode is formed. 

20. The method of claim 19 wherein the etching step is 
performed using an etch having a lateral etch rate of from 
approximately one-tenth to ten times of a vertical etch rate. 

21. The method of claim 19 wherein the etching step is 
performed using an etch having approximately the same 
lateral and vertical etch rates. 

22. The method of claim 19 wherein the etching step is 
performed using an etch having lateral and Vertical etch rates 
such that a channel width of the device is reduced by 
between approximately 1 and 50 percent. 

23. The method of claim 19 wherein the semiconductor 
Substrate is heated during the depositing Step, to encourage 
Surface diffusion of metal atoms along a Surface of the 
Semiconductor Substrate. 


