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DYNAMIC SCHOTTKY BARRIER MOSFET 
DEVICE AND METHOD OF MANUFACTURE 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
[0001] This application claims the bene?t of and priority 
to US. provisional patent application No. 60/513,410, ?led 
Oct. 22, 2003. This application also claims the bene?t of and 
priority to US. provisional patent application No. 60/514, 
041, ?led 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 How of electric current, and has speci?c 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 How 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 ?eld 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 
pro?le 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 
de?ned as a contact formed by the intimate contact betWeen 
a metal and a semiconductor, and a Schottky-like contact is 
de?ned 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 de?ned 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 ?eld 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 (IQ, Which is the 
electrical current from source to drain When the applied 
source voltage (V5) is grounded, and the gate (VQ and drain 
(Vd) are biased at the supply voltage (Vdd). Drive current is 
one of the important parameters that determines circuit 
performance. For example, the sWitching speed of a tran 
sistor scales as Id, so that higher drive current devices sWitch 
faster, thereby providing higher performance integrated cir 
cuits. 

[0008] FIG. 2 shoWs the relationship of drive current (Id) 
232 for varying gate voltage (Vg) and drain voltage (Vd) 231 
for a SB-MOS and a conventional MOSFET. One charac 
teristic of SB-MOS device Id-Vd curves is the sub-linear 
shape for loW Vd 231, as shoWn by the solid lines 210,215, 
220,225,230. Each of the Id-Vd curves 210,215,220,225,230 
has a different Vg. The Id-Vd pro?le at loW Vd is knoWn as 
the turn-on characteristic. Conventional MOSFET transistor 
technologies have a linear Id-Vd turn-on characteristic at loW 
Vd, as shoWn by the dashed lines 235,240,245,250,255 in 
FIG. 2. Each of the Id-Vd curves 235,240,245,250,255 has 
a different Vg. The sub-linear Id-Vd 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 (Pb 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. 

[0011] 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 modi?cations 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 ?eld effect tran 
sistor (“MOSFET”); 
[0013] FIG. 2 illustrates transistor curves for a SB-MOS 
device and an impurity doped source-drain MOSFET 
device; 
[0014] FIG. 3 illustrate a sectional vieW of an exemplary 
embodiment of the present invention metal-insulator-semi 
conductor (MIS) source-drain SB-MOS device; 

[0015] 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 ?lm 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 ?eld 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 ?rst electrically insulating layer in contact With 
the semiconductor substrate. The method further includes 
providing a gate electrode on the ?rst 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 de?ned 
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 ?rst 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 ?lm 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 signi? 
cantly reduced parasitic series resistance (~10 Q-pm) and 
contact resistance (less than 10-8 Q-cmz). 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 
















