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AMMONIA PLASMA TREATMENT OF SILICIDE
CONTACT SURFACES IN SEMICONDUCTOR DEVICES

Field of the Invention

The present invention relates to a process
for treating semiconductor devices which results in
improved contact resistance.

Background of the Invention

Semiconductor devices are typically fab-
ricated starting with a substrate, e.g., a silicon
wafer, having an insulating dielectric layer such as
silicon dioxide on the surface thereof. 1In many
applications, the silicon substrate has contact or
junction regions in which the silicon is doped with
boron, phosphorous, arsenic, or any other suitable
doping compound. The doped contact regions in the
substrate are exposed by étching a desired pattern in
the oxide layer to form contact or via holes therein.
Such etching is performed using etching techniques
well known in-the art. The contact holes are then
filled with a conductor, such as aluminum, to provide
electrical contact between the doped regions of the

substrate and a conductive film which may be deposited
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over the dielectric insulating layer to serve as a low
resistance interconnection within the semiconductor
device. Such films may be aluminum, doped poly-
crystalline silicon, tungsten, or another refractory
metal.

The deposition of aluminum as the intercon-
nect layer over an oxide insulating layer having
contact holes therein has several drawbacks. One of
these which is of particular concern is that aluminum
diffuses rapidly or "spikes" into the silicon contact
or junction regions exposed in the contact holes. As
a means for inhibiting aluminum spiking in doped
silicon contacts, it is known to deposit a barrier
layer in the contact holes over the silicon contacts.
One suitable barrier material is titanium nitride
(TiN) and it may be deposited by known chemical vapor
deposition or sputtering techniques.

The fabrication of semiconductor devices
including, among other things, a barrier layer and an
interconnect layer, as described above, typically
includes as a first step etching the insulating layer
to form contact holes therein. Subsequently, the

barrier layer is deposited in the contact holes, and

thereafter the desired interconnect layer may be

deposited. 1In such fabrication processes, it is
imperative that the surfaces upon which the various

layers are deposited be free from impurities such as
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oxide films which form upon exposure to oxygen, i.e.,
native oxide films. The failure to provide clean
contact between the layers of conductive material
results in undesirably high contact resistance of the
semiconductor device at the location of the contact
regions. This high contact resistance greatly limits
overall device speed and limits the development of
higher density semiconductor devices.

Various techniques are known for removing
native oxide films prior to deposition of subsequent
layers such as titanium nitride, tungsten or aluminum
over silicon contact regions. One known method uses
freon/oxygen plasma etch chemistry to remove the
native oxide from the exposed contact surfaces. This
method has the drawback that a fluoridated carbon
polymer residue is formed on the wafer contact sur-
face. The polymer residue inhibits the growth of
vapor deposited titanium nitride, thus adversely
affecting the contact resistance of the final product.

Summary of the Invention

The present invention is directed to a
process for pre-treating semiconductor devices with an
ammonia plasma which results in improved contact
resistance and which overcomes the drawbacks associ- .

ated with prior art techniques, és discussed above.
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In one aspect of the invention, ammonia
plasma is utilized to remove deposition-inhibiting
polymer residues from semiconductor contact surfaces
which residues result from known freon/oxygen plasma
etching used to remove native oxides. The use of
ammonia plasma treatment subsequent to freon/oxygen
plasma etching, but prior to low pressure chemical
vapor deposition (LPCVD) of titanium nitride, or
deposition of other mgterials including tungsten and
aluminum, enables the CVD reaction to grow a desired
titanium nitride film without the polymer residue
contamination and without native oxide, both of which
deleteriously affect the contact resistance of the
final semiconductor device product.

In a preferred embodiment, a method of the
present invention comprises treating a silicon wafer
substrate with an ammonia plasma in a CVD reaction
chamber prior to LPCVD of titanium nitride (or other
material) to thereby remove any undesirable fluori-
dated polymer residue from an earlier freon/oxygen
plasma etch. Alternatively, the ammonia plasma
pre-treatment may be pérformed in a pre-treatment
chamber and then the device is transferred to a CVD
reaction chamber for subsequent processingf

These and other features and advantages of

the present invention will become apparent to persons

124
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skilled in the art upon reading the following detailed
description.

Detailed Description of the Invention

In the fabrication of typical semiconductor
devices, a substrafe (usually silicon) is provided
with a plurality of doped contact or junction regions,
which are formed by techniques well known in the art
and which do not form a part of the present invention.
Typically, a semiconductor device initially has a
continuous dielectric insulating layer formed on the
substrate. The dielectric insulating layer may be a
doped or undoped, deposited or grown silicon dioxide
insulating layer. Thereafter, the insulating layer is
selectively etched by known techniques to form contact
or via holes in which the doped regions are exposed.
Exposure of the device to oxygen oxidizes the silicon
substrate and a thin layer of native oxide is formed
on the exposed surface of the doped regions. This
native oxide layer must be removed since it incréases
the contact resistance of the semiconductor device.

In accordance with one aspect of the present
invention, a semiconductor device which has a native
oxide layer on the exposed contact surfaces is treated

with an ammonia (NH,) plasma subsequent to a kndwn

3) .
freon/oxygen etch. The freon/oxygen etching is a well
known technique for removing the native oxide layer

from semiconductor devices. The use of freon/o2
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etching leaves a fluoridated carbon polymer residue on
the exposed substrate surfaces. The ammonia plasma
treatment of the present invention removes the polymer
residue, thus resulting in an overall improvement in
the contact resistance of the device.

By way of example but not intended to be
limiting in any way, the freon/o2 etching of a semi-
conductor device may be accomplished as follows. The
semiconductor device is placed in a pre-treatment
chamber and exposed to a flow of CF4/O2 on the order
of about 30 sccm. The gas composition is preferably
about 92% o, and about 8% CF4. The reactor pressure
is about 1.5 torr and is powered at about 150 watts
RF. For titanium silicide contacts, the etch treat-
ment is preferably about 35 seconds. It will be
appreciated by perSons skilled in the art that various
otheé freon/o2 etching protocols may be used, and such
procedures are known in the art.

Once the semiconductor wafer is treated with
the freon/oxygen etching, it is then subjected to an
ammonia plasma treatmentr which is the focus of the
present invention. The ammonia plasma treatment may
be carried out in a pretreatment éhamber or in a CVD
chamber. The following examples are illustrative of

the ammonia plasma treatment of the present invention.
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EXAMPLE 1

A semiconductor device, which was previously
treated with a freon/o2 etch, is subjected to ammonia
plasma treatment in a pretreat chamber. The ammonia
gas flows at a rate of about 30 sccm and the treatment
chamber is maintained at a preséure of about 500
mtorr. The wafer temperature is about 80°C and the
reactor is powered with about 225 watts RF power.
About 60 seconds of ammonia plasma treatment effec-
tively removes the fluoridated polymer residue
resulting from the freon/o2 etch.

EXAMPLE 2

A semiconductor device, which was previously
treated with a freon/o2 etch, is subjected to ammonia
plasma treatment in a CVD reaction chamber. The
ammonia gas flows at a rate of about 100 sccm, the
treatment chamber is maintained at a pressure of about
150 mtorr, and at a temperature in the range of about
650°~680°C. The reactor is powered with about 200
watts RF power and the plasma treatment is accom-
plished in about 10 seconds.

UtiIizing the ammonia.plasma treatment of
the present invention, the resulting semiconductor
dévices are suitable for subsequent deposition of
blanket or selecti&e tungsten, titanium nitride,
aluminum (or alloys thereof), or virtually any con-

ductive material. The resulting devices have good
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ohmic contact, on the order of about 10-8 ohm c:m2
(specific contact resistance). The ammonia plasma
treatment of the present invention may be accomplished
in a pretreatment chamber utilizing an ammonia flow
rate of at least about 20 sccm, at pressures in the
range of about 0.1-10 torr, and for treatment times of
at least about 30 seconds. When the process is
performed in a CVD reaction chamber, the ammonia gas
flow rate is at least about 100 sccm, the pressure is
in the range of about 0.1-10 torr and treatment times
of at least about 10 seconds are utilized. When the
procedure is performed in a pretreatment chamber, the
gas temperature is preferably in the range of about
25-400°C. When a CVD reaction chamber is used, the
gas temperature is preferably in the range of about
450°-750°C.

It will be appreciated by persons skilled in
the art that various modifications can be made to the
method of the present invention without departing from
the scope of the present invention as defined by the

appended claims.

gy
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1. A method of treating a semiconductor device
subsequent to a freon/o2 plasma etch, said method
comprising:

treating said semiconductor device with an
ammonia plasma subsequent to a fz:eon/O2 plasma etch,
wherein said ammonia plasma treatment results in
improved contact resistance in said semiconductor

device.

2. A method of claim 1 wherein said ammonia
plasma treating is carried out in a pretreatment
chamber at a pressure in the range of about 0.1-10
torr and at a gas temperature in the range of about

25°C-400°C.

3. - A method of claim 2 wherein said ammonia
plasma treating is carried out for at least about 30

seconds at a gas flow rate of at least about 20 sccm.

4. A method of claim 1 wherein said ammonia
plasma treating is carried out in a CVD reaction
chamber at a pressure in the range of about 0.1-10
torr and at a gas temperature in the range of about

450-750°C.
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5. A method of claim 4 wherein said ammonia
plasma treating is carried out for at least about 10

seconds at a gas flow rate of at least about 100 scenm.
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