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SEMICONDUCTOR DEVICE CONTACTS

BACKGROUND

Increased performance of circuit devices including transistors, diodes, resistors, capacitors,
and other passive and active electronic devices formed on a semiconductor substrate is typically
a major factor considered during design, manufacture, and operation of those devices. For
example, during design and manufacture or forming of, metal oxide semiconductor (MOS)
transistor semiconductor devices, such as those used in a complementary metal oxide
semiconductor (CMOS), it is often desired to increase movement of electrons in N-type MOS
device (NMOS) and P-type MOS device (PMOS) and contact regions. Such increased mobility

can be achieved by reducing contact resistance.

At the contact regions of the source and drain a conductive material is deposited on the
doped surface providing contacts. The interaction of the conductive material and the doped
silicon substrate produce a silicide region. The resulting silicide region produces a Schottky
barrier. Conduction of electrons through the Schottky barrier is limited by the barrier height and

results in a contact resistance (R ) as shown in FIG. 1. Accordingly, improved methods or

structures are needed to overcome the limitations of conventional source/drain contacts.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagram illustrating the resistance components of a conventional MOS device.
Figure 2 is an example MOS device that includes source and drain contacts configured in
accordance with a conductive material embodiment of the present invention.
Figure 3 illustrates a method of building an exemplary MOS device that includes a source
and a drain with contacts configured in accordance with an embodiment of the present invention.

Figure 4 illustrates an example MOS device that includes a source and a drain contacts
configured in accordance with an insulting/semiconducting material embodiment of the present

invention.

Figure 5 illustrates a method of building an exemplary MOS that includes a source and a

drain with contacts configured in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

Techniques are disclosed for forming a stable non-reactive interface between a conductive
contact and a doped silicon source and drain, in accordance with some embodiments of the

present invention. The techniques can be used, for example, to form a “non-Schottky” type
1
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contact (or non-traditional metal-semiconductor interface) with reduced contact resistance. In
some embodiments, this is accomplished by use of conducting material for contacts that is non-
reactive with underlying silicon, so as to form a non-reactive interface. In other embodiments, a
thin insulating or semiconducting layer is used to form a non-reactive interface with the
underlying silicon. In such cases, a conductive material may be coupled to the thin insulating or
semiconducting layer to form the contacts. Tunneling through the thin insulating or
semiconducting layer allows for a connection while maintaining a non-reactive interface with the
contact surface. In some embodiments, the non-reactive interface may provide a reduced
contact resistance from lowering of Schottky barrier height to 650 meV or less, and in some such
embodiments, to 500 meV or less. The techniques can be embodied, for instance, in any devices

that have silicon contact surfaces.

General Overview

As is known, a metal oxide semiconductor (MOS) transistor may include n-doped or p-
doped silicon source and drain regions that produce silicide regions with the conductive material
of the contacts. Contacts may also include, for example, interconnects or other electrical
junctions including pre and post packaging junctions. Conventional processing results in a
silicide region producing a materials stack with a Schottky barrier height greater than 500 meV
for nMOS devices. Conduction of electrons through such a device is limited by the barrier
height and results in a contact resistance (Reonaer in Figure 1). This contact resistance may be a
significant portion of the source-drain resistance and the overall resistance of the transistor. Due
to technology scaling that drives all dimensions of the device down, this source-drain resistance
is likely to rise as a percentage of the total device resistance and may become larger than the
channel resistance (Rcy in Figure 1). Without a reduction in Schottky barrier height or alternate

solution to increase current, the increase in device resistance may limit future factor to scaling.

Thus, in accordance with an example embodiment of the present invention, a
semiconductor contact is provided that allows for reduction in Schottky barrier height. In one
specific such embodiment, the contact includes a silicon contact surface (e.g., p-doped, or n-
doped, or undoped), and a transition layer coupled to and forming a non-reactive interface with
the silicon contact surface. A conducting material may be coupled to or otherwise integral with
the transition layer. In one specific such case, the conductive material and the transition layer
material are the same material (thus, the transition layer material also effectively form the
contacts). In other example cases, a thin semiconducting or insulting layer provides the
transition layer, and a conductive contact material is deposited on or otherwise coupled to the

transition layer to form the contacts.
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As will be appreciated in light of this disclosure, a non-reactive interface as used herein
refers to an interface of silicon (whether doped or not) and transition layer material that does not
react, or otherwise minimally reacts, at standard silicidation conditions (e.g., temperatures and
pressures) thereby preventing or otherwise inhibiting the formation of silicide. In some
embodiments, the fact that such a non-reactive interface may allow for partial or complete
silicidation at atypically higher than standard silicidation conditions (e.g., temperature higher
than what is typically needed to induce silicidation) should not negate the non-reactive status of

that interface, as will be appreciated in light of this disclosure.

Non-Reactive Conductive Material Architecture

Figure 2 illustrates an example MOS device 200 that includes a source 210 and a drain 212
with a non-reactive contact/interface 214 configured in accordance with an embodiment of the
present invention. Rather than using a conductive material for the contacts that results in the
formation of a silicide (as shown in Figure 1) when coming into contact with the n-doped silicon
surface of the source 210 and the drain 212, the MOS transistor 200 uses a conductive material
216 that is non-reactive with the n-doped silicon surface of the source 210 and the drain 212.
The non-reactive, conductive material 216 allows for conduction of the contacts without the
formation of a silicide regions of conventional contacts. The non-reactive interface 214 results
in the absence or reduction of a silicide region and thus enables non-Schottky type device
behavior. The non-Schottky type device behavior reduces the barrier height resulting in a
reduction in contact resistance that may enable overall devices to run at lower power and in some
applications with lower current. As will be appreciated, such embodiments may expand circuit
design options available in product development cycles, and also open up options for longer

battery life products to expand to applications beyond the central processing unit market.

In more detail, Figure 2 illustrates an exemplary MOS transistor 200 formed on a substrate
202, for example, a p-doped (100) silicon wafer or a silicon film of a silicon on insulator (SOI)
substrate or other multi-layered substrate. The source region 210 and the drain region 212 are
typically formed by either implanting dopants such as boron or phosphorous into the substrate or
by etching the substrate and then epitaxially depositing doped silicon. A gate stack 222 is

formed over a channel region 220 of the transistor 200.

As can further be seen, the gate stack 222 includes a gate dielectric layer 206 and a gate
electrode 204, and spacers 208. The spacers 208 are formed adjacent to the gate stack 222. In
some example cases, and depending on the technology node, the spacers 208 generally create a

distance of about 10 to 20 nanometers (nm) between the edges of the gate dielectric layer 206
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and the edges of each of the source and drain regions 210/212. An n-type dopant, such as
phosphorus, arsenic or other suitable dopant, is introduced into the source region 210 and drain
region 212 of MOS device. The transistor 200 is then annealed to cause the dopant to diffuse
towards the channel region 220. As will be appreciated in light of this disclosure, the techniques
provided herein can be applied, for example, to benefit any technology nodes (e.g., 90nm, 65nm,
45nm, 32nm, 22nm, 14nm, and 10nm transistors, and lower), and the claimed invention is not

intended to be limited to any particular such nodes or range of device geometries.

As can be further seen with reference to Figure 2, this example embodiment includes a
conductive material 216 that is non-reactive with the n-doped silicon source 210 and drain 212.
The conductive material 216 produces a non-reactive interface 214 with the n-doped silicon.
The interface 214 may have no or minimal reaction with the underlying silicon, thereby
preventing the formation of silicides. Examples of a conductive material 216 that provide a non-
reactive interface 214 in accordance with example embodiments include, but are not limited to,
nitrides: lanthanum series nitrides, titanium nitride (TiN), zirconium nitride (ZrN), hafnium
nitride (HfN), tantalum nitride (TaN); phosphides: ruthenium phosphide (Ru.Py), and nickel
phosphide (NixPy); carbides: titanium carbide (TiC), zirconium carbide (ZrC), and hafnium
carbide (HfC); and conductive oxides: doped zinc oxide (ZnQ), titanium mono oxide (TiO),
hafnium mono oxide (HfO), and zirconium mono oxide (ZrO), and certain conductive and less
reactive carbides such as tantalum carbide (TaC). Additional conductive material (not shown)
may be deposited on top of the non-reactive, conductive material 216 to provide for work

function tuning of the transistor 200.

Methodology

Figure 3 is a method 300 of building an exemplary MOS device such as the one shown in
Figure 2, in accordance with an embodiment of the present invention. As can be seen, the
method 300 begins with providing an n-doped silicon semiconductor substrate contact surface
(block 302). An example may include, for instance, the source 210 and drain 212 regions of the
MOS device 200. The MOS device 200 begins with a silicon substrate upon which a MOS
device, such as a MOS transistor, may be formed. The semiconductor substrate may be
implemented, for example, with a bulk silicon or a silicon-on-insulator configuration, as
previously explained. Although a few examples of materials from which the substrate may be
formed are described here, any material that may serve as a silicon foundation upon which a
semiconductor device may be built is intended to fall within the spirit and scope of this

disclosure.
As previously explained, a gate stack 222 may be constructed on the semiconductor
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substrate 202, as conventionally done or using any suitable custom techniques. In some example
embodiments of the present invention, the gate stack 202 may be formed by depositing and then
patterning a gate dielectric layer 206 and a gate electrode layer 204. For instance, in one specific
example case, a gate dielectric layer 206 may be blanket deposited onto the semiconductor
substrate 202 using conventional deposition processes such as chemical vapor deposition (CVD),
atomic layer deposition (ALD), spin-on deposition (SOD), or physical vapor deposition (PVD).
Alternate deposition techniques may be used as well, for instance, the gate dielectric 206 layer
may be thermally grown. The gate dielectric 206 may be formed, for example, from materials
such as silicon dioxide or high-k diclectric materials such as insulators with a diclectric constant
above 7. The high-k gate dielectric layer may be between around 5 Angstroms (A) to around
200 A thick (e.g., 20 A to 50 A). In general, the thickness of the gate dielectric layer 206 should
be sufficient to electrically isolate the gate electrode from the neighboring source and drain
contacts. In further embodiments, additional processing may be performed on the high-k gate
dielectric layer, such as an annealing process to improve the quality of the high-k material. The
gate electrode 204 material may be deposited on the gate dielectric layer 206 using similar
deposition techniques such as ALD, CVD, or PVD. In some such specific embodiments, the
gate electrode 204 material is polysilicon or a metal layer, although other suitable gate electrode
materials can be used as well. The gate electrode material, which is typically a sacrificial
material that is later removed for a replacement metal gate (RMG) process, has a thickness in the
range of 50A to 500A (e.g., 100A), in some example embodiments. A conventional patterning
process may then be carried out to etch away portions of the gate electrode layer 204 and the

gate dielectric layer 206 to form the gate stack 222.

The source region 210 and drain region 212 may be constructed by introducing an n-type
dopant, such as phosphorus or arsenic, into the source region 210 and drain region 212 of MOS
device. In another example embodiment, the source region 210 and drain region 212 may be
constructed by etching away a portion of the substrate 202 that will form the source region 210
and drain region 212 and then depositing n-doped silicon material therein. Once the source and
drain regions 210/212 are constructed the method 200 continues with deposition of conductive
contact material 216 that forms a non-reactive interface 214 with the source region 210 and drain
region 212 (block 304). The previous noted examples of a conductive material 216 are equally
applicable here, and various others will be apparent in light of this disclosure. The non-reactive
material 216 prevents or otherwise inhibits the formation of silicide compounds from the silicon
of the source region 210 and drain region 212. By preventing or minimizing the formation of

silicide layer the Schottky barrier height is minimized. The Schottky barrier is a rectifying
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barrier produced by an electrical conduction across a metal and semiconductor boundary. The
scale of the Schottky barrier height is related to the mismatch in the energy position of the
majority carrier band edge of the semiconductor and the metal Fermi level across the metal
semiconductor junction. In a metal and n-type semiconductor junction, the Schottky barrier
height is the difference between the conduction band minimum and the Fermi level. The non-
reactive, conductive material 216 may be selected by its favorable electronic band structure and
properties as well as its thermodynamic ability to remain stable when in contact with n-doped

silicon. The surface may be required to be kept clean before the deposition of the contact layer.

With further reference to the example embodiment of Figure 3, the method 300 continues
with the additional thermal processing to form contacts or aid in migration of dopants (block
306). Since the conductive and non-reactive material 216 forms a non-reactive interface
additional mixing at the interface may not present an issue. Additionally, deposition of
conductive material, for example, but not limited to, aluminum or titanium may be used for

various contacts or for work function tuning of the MOS device 200 (block 308).

The resulting material stack of this example embodiment may provide contacts with the
following estimated Schottky barrier height of Table 1. These are representative of the barrier

height and other suggested materials herein may be expected to be close to these values.

Esti
mated
Options (n-doped=> 4 to
Barrier
7*10720 cm"-3)
Height
(meV)
TiN 480
Cond
100
ucting TaC
to 250
layers
TiC 200

Table 1

Non-Reactive Semiconducting or Insulating Material Architecture

Figure 4 illustrates an example MOS device 400 that includes a source 410 and a drain 412
with a non-reactive contact/interface 414 configured in accordance with an embodiment of the
present invention. Rather than using a reactive, conductive material for the contacts that results
in the formation of a silicide (as shown in Figure 1) when coming into contact with the doped
silicon surface of the source 410 and the drain 412, the MOS transistor 400 uses a thin layer of

insulating or semiconducting material 418 that is non-reactive with the doped silicon surface of
6
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the source 410 and the drain 412. The non-reactive thin layer of insulating or semiconducting
material 418 allows for conduction via tunnel junction by the contacts without the formation of a
silicide region of conventional contacts. The non-reactive interface 414 results in the absence or
reduction of a silicide region and thereby enabling a “non-Schottky” type device behavior at the
semiconductor interface. The non-Schottky type device behavior reduces the barrier height
resulting in a reduction in contact resistance that may enable overall devices to run at lower
power and in some applications with lower current. Embodiments may expand circuit design
options available in product development cycles, and may also open up options for longer battery

life products to expand to applications beyond the central processing unit market.

In more detail, Figure 4 illustrates an exemplary MOS transistor 400 formed on a substrate
402, for example, a (100) silicon wafer or a silicon film of a silicon on insulator (SOI) substrate
or other multi-layered substrate. In the case of a NMOS transistor the substrate 402 may be p-
doped and in the case of a PMOS transistor the substrate 402 may be n-doped. The source
region 410 and the drain region 412 are typically formed by either implanting dopants into the
substrate or by etching the substrate and then epitaxially depositing doped silicon, although other
suitable formation techniques may be used. The source region 410 and the drain region 412 are
doped opposite the substrate 402. A gate stack 422 is formed over a channel region 420 of the
transistor 400. As can further be seen, the gate stack 422 includes a gate diclectric layer 406 and
a gate electrode 404, and spacers 408. The spacers 408 are formed adjacent to the gate stack
422. As is known, the spacers 408 generally create a distance of about 10 to 20 nanometers (nm)
between the edges of the gate dielectric layer 406 and the edges of each of the source and drain
regions 410/412. An n-type dopant, such as phosphorus or arsenic, is introduced into the source
region 410 and drain region 412 of NMOS device. The transistor 400 is then annealed to cause

the dopant to diffuse towards the channel region 420.

As can be further seen, the transistor 400 includes an insulating or semiconducting material
418 that is non-reactive with the doped silicon source 410 and drain 412. The insulating or
semiconducting material 418 produces a non-reactive interface 414 with the doped silicon. The
non-reactive interface 414 may have no or minimal reaction with the silicon thereby preventing
the formation of silicides. Examples of an insulating or semiconducting material 418 that can be
used to provide a non-reactive interface 414 for n-doped silicon may include, but are not limited
to, strontium oxide (SrO), barium sulfide (BaS), barium oxide (BaO), tantalum pentoxide
(Ta,0s), zinc sulfide (ZnS), strontium sulfide (SrS), strontium titanate (SrTiO3), titanium dioxide
(Ti0O,), tantalum nitride (Taz;Ns), and barium titanate (BaTiOs). Examples of an insulating or

semiconducting material 418 that can be used to provide a non-reactive interface 414 for p-
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doped silicon may include, but are not limited to, strontium sulfide (SrS), zinc oxide (ZnO), and

strontium oxide (SrO;).

Additional conductive contact material 416 may be deposited on top of the non-reactive,
insulating or semiconducting material 418. The insulating or semiconducting material 418 may
be deposited in a thin enough layer to allow tunnel junctions to form between the conductive
contact material 416 and the source and drain regions 410/412. In some example embodiments,
the insulating or semiconducting material 418 may be, for example, less than 5 nm. In one such
specific embodiment, the insulating or semiconducting material 418 is less than 2 nanometers
thick (e.g., 0.1 to 1.0 nm thick). As will be appreciated, the thickness of the layer 418 may be
designed and selected based on the properties of the insulating or semiconducting material,
conductive contact material, and/or desired electrical properties of the MOS transistor 400. The
additional conductive contact material 416 may also provide for work function tuning of the

transistor 400.

Methodology

Figure 5 is a method 500 of building an exemplary MOS device such as the one shown in
Figure 4, in accordance with an embodiment of the present invention. As can be seen, the
method 500 begins with providing a doped silicon semiconductor substrate contact surface
(block 502). An example may include the source 410 and drain 412 regions of the MOS device
400, which are formed in a silicon substrate in this example. The semiconductor substrate may
be implemented, for example, with abulk silicon or a silicon-on-insulator configuration.
Although a few examples of materials from which the substrate may be formed are described
here, any material that may serve as a silicon foundation upon which a semiconductor device

may be built is intended to fall within the spirit and scope of this disclosure.

As previously explained, a gate stack 422 may be constructed on the semiconductor
substrate 402 as conventionally done or using any suitable custom techniques. In some
embodiments of the present invention, the gate stack 402 may be formed by depositing and then
patterning a gate dielectric layer 406 and a gate electrode layer 404. For instance, in one
example case, a gate dielectric layer 406 may be blanket deposited onto the semiconductor
substrate 402 using conventional deposition processes such as CVD, ALD, SOD, or PVD.
Alternate deposition techniques may be used as well, for instance, the gate dielectric 406 layer
may be thermally grown. The gate dielectric 406 may be formed, for example, from materials
such as silicon dioxide or high-k dielectric materials. The previously noted high-k gate dielectric
materials are equally applicable here. In some specific example embodiments, the high-k gate

dielectric layer may be between around 5 A to around 200 A thick (e.g., 20 A to 50 A). In
8
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general, the thickness of the gate dielectric layer 406 should be sufficient to electrically isolate
the gate electrode from the neighboring source and drain contacts. In further embodiments,
additional processing may be performed on the high-k gate dielectric layer, such as an annealing
process to improve the quality of the high-k material. Next, a gate electrode 404 material may be
deposited on the gate dielectric layer 406 using similar deposition techniques such as ALD,
CVD, or PVD. In some such specific embodiments, the gate electrode 404 material is
polysilicon or a metal layer, although other suitable gate electrode materials can be used as well.
The gate electrode 404 material, which is typically a sacrificial material that is later removed for
a replacement metal gate (RMG) process, has a thickness in the range of 50A to 500A (e.g.,
100A), in some example embodiments. A conventional patterning process may then be carried
out to etch away portions of the gate electrode layer 404 and the gate dielectric layer 406 to form
the gate stack 422.

The source region 410 and drain region 412 may be constructed by introducing an n-type
dopant, such as phosphorus or arsenic, into the source region 410 and drain region 412 of NMOS
device and a p-type dopant into the source region 410 and drain region 412 of PMOS device. In
another example, the source region 410 and drain region 412 may be constructed by etching
away a portion of the substrate 402 that will form the source region 410 and drain region 412 and
then depositing doped silicon material therein. Once the source and drain regions 410/412 are
constructed, and with further reference to Figure 5, the method 500 continues with deposition of
non-reactive insulating or semiconducting material 418 that forms a non-reactive interface 414
with the source region 410 and drain region 412 (block 504). The previous discussion with
respect to examples of semiconducting or insulating material 418 that provides a non-reactive
interface 414 with n-doped and p-doped silicon is equally applicable here. The non-reactive
material 418 prevents or otherwise inhibits the formation of silicide compounds from the silicon
of the source region 410 and drain region 412. By preventing or minimizing the formation of
silicide layer the Schottky barrier height is reduced and/or minimized. The non-reactive,
insulating or semiconducting material 418 may be selected by its favorable electronic band
structure and properties as well as its thermodynamic ability to remain stable when in contact

with doped silicon.

The example method 500 continues with the additional conductive material 416 to form
contacts (block 506). In this configuration, note that the addition conductive material 416 may
be reactive with silicon. However, the insulating or semiconducting material 418 forms a non-
reactive interface and separates the reactive, conductive material 416 to prevent additional

mixing at the interface. The additional conductive material 416 may include, for example, but
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not limited to, deposition of aluminum or titanium. The conductive material 416 may also be
used for work function tuning of the MOS device 400. The resulting material stack for n-doped
silicon contacts of this example embodiment may provide contacts with the following estimated

Schottky barrier height of Table 2.

Esti
mated
Options (n-doped=> 4 to
Barrier
7*10720 ecm”-3)
Height
(meV)
0to
SrO
400
BaS ~0
BaO 400
200
Ta205
to 400
Semicond 0 to
. ZnS
ucting or 200
Insulating 100
layers - t0 200
SrTiO3 160
0to
TiO,
400
Ta3N5 200
BaTiO3 0
Table 2

The resulting material stack for p-doped silicon contacts of this example embodiment may

provide contacts with the following estimated Schottky barrier height of Table 3.

Esti
mated
Options (p-doped=> 4 to pMOS
7*10720 em”"-3) Barrier
Height
(meV)

10
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200
SrS
Semicond to 300
ucting or ZnO 400
Insulating 0to
SI‘Oz
layers 400
Table 3

Table 4 shows simulation data of electron transport simulations that show that contact
structures configured in accordance with some embodiments of the present invention can offer
improved current performance relative to conventional contact structures. The TiN contact
identified in Table 2 to have a reduced Schottky barrier height of 480 meV results in an

increased current over the current state of the art.

Normalized Current (to Max +/- 0.1 V)
Maximum Maximum Maximum
within +/- 0.1V within +/- 0.5V within +/- 1V
Si/Current
State of the art 1 1568 2212
S1/TiN 1340 3665 8068
Table 4

Numerous embodiments and configurations will be apparent in light of this disclosure. For
instance, one example embodiment of the present invention provides a semiconductor contact.
The contact includes a silicon contact surface, a transition layer coupled to and forming a non-
reactive interface with the silicon contact surface, and a conducting material. In one such case,
the conducting material comprises the transition layer, and is selected from a group consisting of
nitrides: lanthanum series nitrides, titanium nitride (TiN), zirconium nitride (ZrN), hafnium
nitride (HfN), tantalum nitride (TaN); phosphides: ruthenium phosphide (Ru.Py), nickel
phosphide (NixPy); carbides: titanium carbide (TiC), zirconium carbide (ZrC), hafnium carbide
(HfC); conductive oxides: doped zinc oxide (ZnO), titanium mono oxide (TiO), hafnium mono
oxide (HfO), zirconium mono oxide (ZrO), and certain conductive and less reactive carbides
such as tantalum carbide (TaC). In another such case, the conducting material is coupled to the
transition layer, and the transition layer is selected from a group consisting of strontium oxide
(SrO), barium sulfide (BaS), barium oxide (BaO), tantalum pentoxide (TaOs), zinc sulfide

(ZnS), strontium sulfide (SrS), strontium titanate (SrTiOs;), titanium dioxide (TiO,), tantalum
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nitride (TasNs), barium titanate (BaTiOs), zinc oxide (ZnO), and/or strontium oxide (SrO;). In
another such case, the conducting material is coupled to the transition layer, and the transition
layer is selected from a group consisting of BaTiO; and SrTiOs;. In another such case, the
conducting material is coupled to the transition layer, and the transition layer is selected from a
group consisting of strontium sulfide (SrS), zinc oxide (ZnO), and strontium oxide (SrO,). In
another such case, the transition layer is less than two nanometers thick. In another such case,
the transition layer provides a tunneling junction between the silicon contact surface and the
conducting material. In another such case, the contact has a barrier height lower than 500 meV.
In another such case, the silicon contact surface is n-doped silicon, although in other
embodiments the silicon contact surface may be p-doped or undoped silicon. In another such
case, the contact includes a layer of elemental metal (e.g., to provide work function tuning). In
one specific such case, the layer of elemental metal comprises titanium (Ti) or aluminum (Al) or
other metals with low work function including the conducting layers mentioned above. In

another such case, the contact does not include any silicide.

Another embodiment of the present invention provides a semiconductor contact. In this
example case, the contact includes a doped silicon contact surface, a transition layer coupled to
and forming a non-reactive interface with the doped silicon contact surface, wherein the silicon
contact surface does not form a silicide with the transition layer. The contact further includes a
conducting material deposited on to the transition layer, wherein the transition layer provides a
tunneling junction between the silicon contact surface and the conducting material. In one such
case, the transition layer is selected from a group consisting of strontium oxide (SrO), barium
sulfide (BaS), barium oxide (BaO), tantalum pentoxide (Ta,Os), zinc sulfide (ZnS), strontium
sulfide (SrS), strontium titanate (SrTiOs), titanium dioxide (TiO;), tantalum nitride (Ta3Ns),
barium titanate (BaTiOs), zinc oxide (ZnO), and/or strontium oxide (SrO,). In another such
case, the transition layer is less than two nanometers thick. In another such case, the contact has
a barrier height lower than 500 meV. In another such case, the doped silicon contact surface is
n-doped (in other cases, it is p-doped).

Another embodiment of the present invention provides a method for forming a
semiconductor contact. The method includes providing a silicon contact surface, and depositing
a transition layer on the silicon contact surface to form a non-reactive interface with the silicon
contact surface, thereby inhibiting silicide formation in the contact. In one such embodiment, the
method further includes depositing a layer of elemental metal. In another such embodiment, the
transition layer is less than two nanometers thick and comprises a semiconducting or insulting

material, and the method further comprises depositing a conductive material contact on the
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transition layer. In another such embodiment, the transition layer comprises a conductive

material.

The foregoing description of example embodiments of the invention has been presented for
the purposes of illustration and description. It is not intended to be exhaustive or to limit the
invention to the precise forms disclosed. Many modifications and variations are possible in light
of this disclosure. It is intended that the scope of the invention be limited not by this detailed

description, but rather by the claims appended hereto.
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CLAIMS

What is claimed is:

1. A semiconductor contact comprising:
a silicon contact surface; and

a transition layer coupled to and forming a non-reactive interface with the silicon contact

surface.

2. The semiconductor contact of claim 1, wherein the silicon contact surface is n-
doped silicon and the transition layer is selected from a group consisting of titanium nitride
(TiN), zirconium nitride (ZrN), hafnium nitride (HfN), tantalum nitride (TaN), nitrides of
lanthanum series, ruthenium phosphide (RuxPy), nickel phosphide (NixPy), titanium carbide
(TiC), zirconium carbide (ZrC), hafnium carbide (HfC), doped zinc oxide (ZnO), titanium mono
oxide (TiO), hafnium mono oxide (HfO), zirconium mono oxide (ZrO), and tantalum carbide

(TaC).

3. The semiconductor contact of claim 1, further comprises a conducting material
coupled to the transition layer, and wherein the transition layer is selected from a group
consisting of strontium oxide (SrO), barium sulfide (BaS), barium oxide (BaO), tantalum
pentoxide (Ta,0s), zinc sulfide (ZnS), strontium sulfide (SrS), strontium titanate (SrTiOs),
titanium dioxide (TiO), tantalum nitride (Ta3Ns), barium titanate (BaTiOs), zinc oxide (ZnO),

and/or strontium oxide (SrO,).

4. The semiconductor contact of claim 1, further comprises a conducting material
coupled to the transition layer, and wherein the transition layer is selected from a group

consisting of BaTiOs and SrTiOs.

5. The semiconductor contact of claim 1, wherein the transition layer is less than

two nanometers thick.

6. The semiconductor contact of claim 1, wherein the contact has a barrier height

lower than 500 meV.

7. The semiconductor contact of claim 1, wherein the transition layer provides a

tunneling junction between the silicon contact surface and a conducting material.

8. The semiconductor contact of claim 1, wherein the silicon contact surface is n-
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doped silicon.

9. The semiconductor contact of claim 1, further comprising a layer of elemental

metal.

10.  The semiconductor contact of claim 9, wherein the layer of elemental metal

comprises titanium (T1) or aluminum (Al).

11. The semiconductor contact of claim 1, wherein the contact does not include

silicide.

12. The semiconductor contact of claim 1, further comprises a conducting material
and wherein the conducting material is coupled to the transition layer, and the silicon contact
surface is p-doped silicon, and the transition layer is selected from a group consisting of

strontium sulfide (SrS), zinc oxide (ZnO), and strontium oxide (SrO»).

13. The semiconductor contact of claim 1, wherein the silicon contact surface is p-

doped silicon.

14. A semiconductor contact comprising:
a doped silicon contact surface;

a transition layer coupled to and forming a non-reactive interface with the doped silicon
contact surface, wherein the silicon contact surface does not form a silicide with

the transition layer; and

a conducting material deposited on to the transition layer, wherein the transition layer
provides a tunneling junction between the silicon contact surface and the

conducting material.

15. The semiconductor contact of claim 14, wherein the transition layer is selected
from a group consisting of strontium oxide (SrO), barium sulfide (BaS), barium oxide (BaO),
tantalum pentoxide (Ta,0s), zinc sulfide (ZnS), strontium sulfide (SrS), strontium titanate
(SrTi03), titanium dioxide (Ti0,), tantalum nitride (TasNs), barium titanate (BaTiOs), zinc oxide
(ZnO), and/or strontium oxide (SrO,).

16. The semiconductor contact of claim 14, wherein the transition layer is less than

two nanometers thick.

17.  The semiconductor contact of claim 14, wherein the contact has a barrier height
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lower than 500 meV.

18. The semiconductor contact of claim 14, wherein the doped silicon contact surface
is n-doped.
19. A method for forming a semiconductor contact comprising;:
5 providing a silicon contact surface; and

depositing a transition layer on the silicon contact surface to form a non-reactive interface
with the silicon contact surface, thereby inhibiting silicide formation in the

contact.

20. The method of forming semiconductor contact of claim 19, further comprising

10  depositing a layer of elemental metal.

21. The method of forming semiconductor contact of claim 19, wherein the transition
layer is less than two nanometers thick and comprises a semiconducting or insulting material,
and the method further comprises depositing a conductive material contact on the transition

layer.

15 22.  The method of forming semiconductor contact of claim 19, wherein the transition

layer comprises a conductive material.
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