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METHOD OF IMPROVING THE DIFFUSION 
BARRIER PROPERTIES OF GATE OXIDES 

BACKGROUND OF THE :INVENTION 

FIELD OF THE :INVENTION 
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This invention relates to a method of improving the diffusion 

barrier properties of the gate oxide of MOSFET transistors. 

BRIEF DESCRIPTION OF THE PR:IOR ART 

The continued reduction in the geometry of MOSFET transistors 

has resulted in the requirement of continually shorter gate lengths 

(<0.3 µm). This geometry reduction has also required a reduction 

in gate oxide thickness to about 5 nanometers and reduction in 

operating supply voltage in order to support the minimum gate 

length without excessively high threshold voltages. Since n-type 

and p-type polycrystalline silicon (polysilicon) is commonly used 

as the gate electrode material in MOSFETs and with high gate 

electrode doping being essential to minimize depletion layer depth 

in the gate electrode, dopant diffusion from the polysilicon 

through the gate oxide and into the channel region of the MOSFET 

becomes an increasing problem with the reduced gate oxide 

thickness. This problem is particularly critical for the case of 
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a boron-doped polysilicon gate in a p-channel MOSFET having a p-

type polysilicon gate electrode. 

Attempts to minimize this problem in the fabrication of state­

of-the-art MOSFET transistors have generally involved improvement 

in the diffusion barrier properties of the gate oxide. Prior art 

methods of providing improved diffusion barrier properties to the 

gate oxide of MOS transistors have involved the introduction of 

nitrogen into the ambient during processing when the surface of the 

gate oxide is exposed in the form of N~ and/or nitrous oxide (Np). 

While providing desirable diffusion barrier properties to the gate 

oxide by forming an oxynitride at the exposed surfaces of the gate 

oxide, this method also results in reduction of surface carrier 

mobility since the nitrogen is present at the channel/gate oxide 

(Si/Si02 ) interface. 

Attempts have also been made to improve the barrier properties 

of Si02 using re-oxidized, nitrided oxide (ROXNOX) and oxides grown 

using nitrous oxide ambient. In both cases, the heavily nitrided 

region is near the Si/Si0
2 

channel interface and degrades carrier 

mobility. Other methods of incorporating an oxy-nitride region in 

the gate oxide away from the channel interface, such as oxynitride 

deposition or conventional ion implantation suffer from the problem 

that the oxides are so thin, -10 run or less, that they require very 

p~ecise deposition control or very low ion implantation energies. 

It is therefore apparent that improved procedures are required for 
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the new generations of MOSFETs for formation of the diffusion 

barrier. 

SUMMARY OF THE :INVENT:ION 

In accordance with the present invention, there is provided a 

method of improving the diffusion barrier properties of SiO:, this 

being accomplished by using a plasma discharge to produce free 

radicals of nitrogen, the free radicals of nitrogen in the ambi~nt 

converting the surface of an exposed gate oxide to an oxy-nitride. 

Furthermore, if the plasma reactor configuration is that normally 

used for a reactive ion etch (RIE), then very low energy of from 

about 50 ev to about 1000 ev and preferably about 300 eV is 

required for ion implantation of nitrogen ions into the surface of 

the gate oxide to convert the surface of an exposed gate oxide to 

an oxy-nitride. The procedure involves heating of the wafer with 

gate oxide thereon to low temperatures of from about 27~C to about 

800°C with higher temperatures being better for higher nitrogen 

incorporation into the oxide but 300~C or less being more 

compatible with RIE equipment. A preferred tradeoff temperature is 

about 650 ... C. The result is containment of the nitrogen to the 

surface region of the gate oxide. The primary consideration is to 

prevent the nitrogen from reaching the bottom of the Si02 gate 

layer because surface carrier mobilities in the MOSFET will then be 

degraded. Accordingly, the nitrogen is kept away from the gate 

oxide/silicon substrate interface by at least one atomic monolayer 
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(-0.3 nanometer!. The resulting range of acceptable depths 

accordingly depends upon the target gate oxide thickness, but for a 

4 nanometer gate oxide, the acceptable depth range is from about 

one atomic layer to about 3. 5 nanometers with a preferred peak 

concentration depth of 1 nanometer from the surface. 

Briefly, a MOSFET is partially fabricated in conventional 

manner up to and including formation of a thin gate oxide over the 

silicon substrate. The surface of the exposed gate oxide is then 

treated so that an oxy-nitride surface region is formed. 

The oxy-nitride region is formed in accordance with a 

preferred embodiment by exposing the gate oxide surface to a plasma 

discharge with nitrogen gas (N~) and/or nitrous oxide {Np) as the 

primary gas or gases in the discharge. The N+ free radicals 

produced from this discharge disassociate the surface SiO~ to form 

a surface oxynitride. 

In addition, in accordance with a second embodiment of the 

invention, if the plasma reactor is in a reactive ion etch {RIE) 

configuration where the substrates are on the powered electrode, 

surface bombardment of the gate oxide with nitrogen ions will 

occur, resulting in a yery low energy ion implantation of the 

surface of the oxide. · The energy of this ion implantation is 

controlled by the substrate potential with respect to the plasma, 

which is controlled by reactor power density and gas pressure. 

Either the nitrogen free radical conversion or ion bombardment or a 
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combination of both can be used to convert the surface of the thin 

gate oxide to an oxy-nitride which will suppress the diffusion of 

dopant impurities from the gate electrode. The MOSFET process flow 

then continues in standard manner to complete fabrication thereof. 

DESCRXPTXON OF THE PREFERRED EMBODXMENTS 

Fabrication of a MOSFET in accordance with the present 

invention utilizes the standard process flow up to and including 

formation of the gate oxide but not including gate electrode 

deposition wherein a silicon substrate or layer with a gate oxide 

thereon is formed in standard manner by patterning and etching an 

oxide layer on the silicon substrate. The exposed surface of the 

gate oxide is then converted to an oxynitride by the use of free 

radicals only, ions only or a combination of free radicals and 

ions. This is accomplished in accordance with a first embodiment 

of the invention by heating the wafer to a temperature of about 

650~C and remotely generating free radicals by microwave plasma in 

conjunction with a source of N
2 

gas in the plasma chamber. This is 

accomplished in accordance with a second embodiment of the 

invention by heating the wafer to a temperature of about 400°C and 

then providing a parallel· plate reactor with RF power capacitively 

coupled to the substrate (i.e. , RIE mode) with an N2 gas source 

present. The N2 gas pressure and RF power are set to obtain about 

a -300 volt DC substrate electrode bias to provide nitrogen ion 

bombardment of the exposed oxide layer. A combination of the first 
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c"lnd second embodiment can be provided concurrently as a third 

embodiment. The gate electrode deposition with oxynitride 

formation on the surface thereof is followed by the remaining 

standard MOSFET process flow to complete the device fabrication. 

Though the invention has been described with reference to a 

specific preferred embodiment thereof, many variations and 

modifications will immediately become apparent to those skilled in 

the art. It is therefore the intention that the appended claims be 

interpreted as broadly as possible in view of the prior art to 

include all such variations and modifications. 
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1. A method of providing a MOSFET having improved gate oxide 

diffusion barrier·properties, comprising the steps of: 

(a) providing a partially fabricated MOSFET having an exposed 

gate oxide surface; 

(b) converting the surface of said exposed gate oxide to an 

oxynitride by applying one or both of ions or free radicals of 

nitrogen to said surface; and 

(c) completing fabrication of said MOSFET. 

2. A method of providing a MOSFET having improved gate oxide 

diffusion barrier properties, comprising the steps of: 

(a) providing a partially fabricated MOSFET having an.exposed 

gate oxide surface; 

(b) converting the surface of said exposed gate oxide to an 

oxynitride by a low energy implant of nitrogen into said exposed 

surface of from about 50 ev to about 1000 eV; and 

(c) completing fabrication of said MOSFET. 

3. The method of claim 2 wherein said low energy implant is a 

reactive ion etch implant. 
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4. A method of fabricating a gate oxide for a MOSFET having a 

diffusion barrier thereon, comprising the steps of: 

(a) providing a partially fabricated MOSFET semiconductor 

device having a layer of semiconductor material and an exposed gate 

oxide on said layer of semiconductor material forming an interface 

with said semiconductor layer; and 

(bl subjecting said exposed surface to at least one of free 

radicals or ions of nitrogen to form an oxynitride region at the 

exposed surface of said gate oxide. 

5. The method of claim 4 wherein said oxynitride is spaced 

from said interface by at least one atomic monolayer. 

6. The method of claim 4 wherein said exposed surface is 

subjected to free radicals by the step of heating said partially 

fabricated MOSFET semiconductor. device to a temperature in the 

range of from about 27°C to about 800°C and generat,ing and applying 

to said exposed gate oxide said free radicals by providing nitrogen 

gas in a microwave plasma. 

7. The method of claim 6 wherein said temperature is about 
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8. The method of claim 4 wherein the depth of said oxynitride 

region is from a finite distance approaching zero to about 90 

percent of the distance from the surface of the exposed surface of 

the oxynitride layer to said interface. 

9. The method of claim 6 wherein the depth of said oxynitride 

region is from a finite distance approaching zero to about 90 

percent of the distance from the surface of the exposed surface of 

the oxynitride layer to said interface. 

10. The method of claim 7 wherein the depth of said oxynitride 

region is from a finite distance approaching zero to about 90 

percent of the distance from the surface of the exposed surface of 

the oxynitride layer to said interface. 

11. The method of claim 4 wherein said exposed surface is 

subjected to ions by the steps of heating said partially fabricated 

MOSFET semiconductor device to a temperature of about 400~C. 

providing a parallel plate reactor with RF power capacitively 

coupled to said heated partially fabricated MOSFET semiconductor 

device in the presence of N
2 

gas and causing said reactor to 

provide said ions. 
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12. The method of claim 11 wherein the pressure of said N: gas 

and RF power are set to obtain about a -300 volt DC bias at said 

device to provide nitrogen ion bombardment of the exposed oxide 

layer. 

13. The method of claim 4 wherein said exposed surface is 

subjected to both of free radicals or ions of nitrogen to form an 

oxynitride region at the exposed surface of said gate oxide. 

14. The method of claim 13 wherein said exposed surface is 

subjected to ions by the steps of heating said partially fabricated 

MOSFET semiconductor device to a temperature of about 400''C, 

providing a parallel plate reactor with RF power capacitively 

coupled to said heated partially fabricated MOSFET semiconductor 

device in the presence of N
2 

gas .and causing said reactor to 

provide said ions and said exposed surface is subjected to free 

radicals by the step of heating said partially fabricated MOSFET 

semiconductor device to a temperature in the range of from about 

27~C to about 800QC and generating and applying to said exposed gate 
. . 

oxide said free radicals by providing nitrogen gas in a microwave 

plasma. 
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METHOD OF IMPROVING THE DIFFUSION 

BARRIER PROPERTIES OF GATE OXIDES 

. ABSTRACT OF THE DI:SCLOSURE 

A method of providing a MOSFET having improved gate oxide 

diffusion barrier properties, which comprises providing a partially 

fabricated MOSFET having an exposed gate oxide surface. During 

MOSFET fabrication, the surface of the exposed gate oxide is 

converted to an oxynitride by applying one or both of ions or free 

radicals of nitrogen to the exposed gate oxide surface. 

Fabrication of the MOSFET is then completed in standard manner. 


