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"A Method of Fabricating Semkonductor Structures and a Semiconductor 

Structure Formed Thereby" 

THIS INVENTION relates to a method of fabricating semiconductor structures 

and more particularly to a method of forming nickel-platinum monosilicide on a 

silicon semiconductor device. 

"---- Silicide processes are used in the manufacture of large-scale integrated silicon 

circuit devices to provide a silicide layer with low sheet resistance on a silicon 

semiconductor structure or device. 

Typically, the smface of a silicon semiconductor or device is adjoined by 

regions of silicon and regions of insulating materials like silicon oxide, silicon 

nitride, silicon oxynitride and aluminium oXide. A film is deposited on the 

surface of the silicon semiconductor structure or device using conventional 

deposition techniques such as . sputtering, electron-beam evaporation, or 

filament ewporation. The film can be deposited by sputtering an alloy target or 

by co-sputtering two or more pw-e targets. Once the film has been deposited on 

the silicon layer, the semiconductor device is annealed using a rapid thermal 

annealing process. The annealing process forms a silicide film in the silicon 

regions as a result of the reaction between the deposited film and the 

underlying silicon layer. 

The most commonly used material for creating a silicide layer is titanium. The 

resultant titanium silicide layer (titanium disilicide) has a substantial drawback. 

That drawback is the high sheet resistance encountered when using narrow line 
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widths. The increase in sheet resistance with decreasing line widths· is due to 

·the lack of the nucleation centres for the low resistive C54 phase during the 

phase transition from C49 phase to C54 phase. 

The increase in sheet resistance as a result of decreasing line widths is not an 

issue for cobalt disilicide which is also used to form a silicide layer. However, 

cobalt disilicide suffers from other drawbacks such as a severe junction leakage 

current, a relatively large consumption of silicon and the difficulty of achieving 

a disilicide layer of uniform thickness. The use of cobalt disilicide in ultra­

shallow junction devices would not, therefore, be appropriate. 

Nickel :inonosilicide can also be used in the silicide process because it has a 

low electrical resistivity (in .the order of 14 µQ cm), a low consumption of 

silicon atoms and the ability to maintain low resistivity even for narrow line 

widths down to 0.1 µm. In addition, the use of nickel monosilicide allows the 

thickness of the silicide film to be determined more accurately because of the 

absence of any reaction between the nickel and the annealing ambient gas 

(typically nitrogen). There are problems with the use of nickel monosilicide 

because it is not thennally stable at relatively high processing temperatures. 

For example, agglomeration is observed at temperatures below 600°C and 

transfonnation of monosilicide stmctures to disilicide structures with higher 

electrical resistivity was found below 700°C. 

These problems can, however, be solved by adding small amounts of alloying 

elements such as platinum into the nickel. For example, the addition of 5% 

platinum into a nickel film layer can increase the disilicide nucleation 

temperature to 900°C and the agglomeration temperature to 750°C or above 

whilst the silicide resistivity remains almost the same as that of pure nickel 

mono silicide. 
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There 1s unfortunately also a drawback to the use of nickel-platinum 

monosilicides. When nickel-platinum monosilicides are applied to ultra large­

scale integrated circuits, the formation of nickel and platinum related defects is 

noted. The formation of these defects is inevitable because both nickel and 

platinum have relatively high solubility in silicon and diffuse very quickly, 

even at relatively low temperatures. The formation of electrically active 

defects from the nickel and platinum establishes recombination and generation 

centres which have ·a detrimental effect on the performance of the resultant 

semiconductor devices. For example, the leakage currents through p/n 

juri.ctions of source/drain regions of a field effect transistor can become 

unacceptably high if the f01mation of the nickel and platinum related defects is 

not controlled. 

It is an object of the present invention to provide a method of fabricating a 

nickel-platinum monosilicide on a silicon semiconductor whilst controlling the 

formation of nickel and platinurn related defects to an acceptable level. 

It is a further object of the present invention to provide a method of fabricating 

·a nickel-pfatinum monosilicide on a semiconductor structure to produce a 

semiconductor device having a low leakage current. 

Accordingly, one aspect of the present invention provides a method of 

fab1icating a silicide layer on a silicon region of a semiconductor structure, the 

method comprising the steps of: providing a semiconductor structure having at 

least one silicon region on a surface thereof; depositing a layer of nickel and 

platinum on the at least one silicon region; annealing the semiconductor 

structure and the nickel/platinum layer to react the nickel and the platinum with 
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underlying silicon to foim a nickel-platinum silicide, wherein the annealing 

step takes place at temperatw-e of between 680°C and 720°C. 

Advantageously, the annealing temperature is 700°C. 

Preferably, the nickel/platinum layer Is deposited by sputtering a 

nickel/platinum alloy target. 

Alternatively, the nickel/platinum layer is deposited by co-sputtering a pure 

nickel target and a pure platinum target. 

Further, in the alternative, the nickel/platinum layer IS deposited by the 

sequential deposition of nickel and platinum. 

Conveniently, any excess nickel/platinum which has not reacted with the 

silicon region is removed from the semiconductor device. 

Advantageously, the nickel/platinum layer has a nickel content of between 90 

and 99% and a platinum content of between 1 and 10%. 

Preferably, the nickel content is 95% and the platinum content is 5%. 

Conveniently, the annealing atmosphere is a nitrogen atmosphere or an argon 

atmosphere. 

Alternatively, the annealing step occurs in a vacuum. 

Another aspect of the present invention provides a semiconductor structure 

having a silicon region and a nickel-platinum silicide layer formed thereon, the 
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silicide layer having been fo1med by annealing the semiconductor structure 

coated with a layer of nickel and platinum to react the nickel and the platinum 

with underlying silicon, wherein the annealing temperature ·is between 680°C 

and 720°C. 

In order that the present invention may be more readily understood, 

embodiments thereof will now be desc1ibed, by way of example, with reference 

to the accompanying drawings, in which: 

FIGURE 1 is a graph showing the concentration of mid-gap defects induced by 

nickel platinum monosilicide fonnation against annealing temperature; 

FIGURE 2 is a graph showing leakage current against temperature; 

FIGURE 3 is a cross-section through a semiconductor structure before film 

deposition; 

FIGURE 4 is a cross-section through the semic.onductor structure of Figure 3 

after film deposition; 

FIGURE 5 is a cross-section through the semiconductor structure of Figure 4 

after annealing in accordance with an embodiment of the present invention; and 

FIGURE 6 is a cross-section through the semiconductor structure of_ Figure 5 

after removal of unreacted film. 

The primary aim of the present invention is to minimise the formation of 

electrically active defects within a semiconductor device caused by the 

formation of a nickel-platinum monosilicide layer on a silicon wafer. 
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A nickel-platinum alloy film is deposited on the surface of a silicon 

semiconductor structure us~g conventional deposition techniques such as 

sputtering, electron-beam evaporation, or filament evaporation. If the 

sputtering method is used, then the nickel-platinum alloy film can be deposited 

by sputtering nickel-platinum alloy target or by co-sputtering a pure nickel 

target and a pure platinum target. Alternatively, the layers can be deposited 

sequentially, with either the nickel or the platinum layer being deposited first. 

The resultant nickel/platinum layer has a nickel content of between 90 and 99% 

and a platinum content of between 1 and 10%. A 5% platinum content is 

preferred. 

After the deposition step, the silicon semiconductor structure is subjected to 

high temperature rapid the1mal annealing to form a nickel-platinum 

monosilicide on selected regions of the silicon semiconductor structure. If 

there are insulating mate1ials adjoining the regions, then no silicide film is 

formed on these regions. 

It has been found that _by controlling the annealing step such that annealing 

takes place at a critical temperature range of between 680°C and 720°C, the 

formation of electrically active defects can be minimised and reduced to an 

acceptable level. The acceptable level for the formation of nickel related 

defects and platinum related defects estimated from the SIA Road Map 

("National Technology Road Map for Semiconductors", Semiconductor 

Industry Association 1997) are below lx1014 defects/cm3 and 2x1013 

defects/cm3 respectively . An annealing temperature range of between 690°C 

and 710°C is preferred. Typically, the annealing process will take in the region 

of I 0 to 60 seconds and it is necessary to control the annealing temperature 

within the above indicated range during this period. 
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It has been found that below 680°C, a higher concentration of nickel related 

defects including extended defects fonn in the near surface region of the silicon 

zone. Above 720°C, a high concentration of platinum related mid-gap type 

defects form in the near swface region of the silicon zone, in addition to the 

fonnation of high concentration nickel related defects. Also, above 720°C, 

there is a significant increase in the resistivity of the monosilicide film. The 

increase in nickel and platinum related defects is illustrated graphically in 

Figure 1. 

An increase in the leakage cun-ent of a resultant semiconductor device provided 

with a nickel-platinum monosilicide layer is also observed when annealing is 

canied out outside the critical temperatw·e range identified as lying between 

about 680°C and 720°C. This is illustrated graphically in Figure 2. 

Specifically, Figure 2 shows the temperature dependence of the reverse le·akage 

current of a Schottky diode of Imm2 area fabricated on a nickel-platinum 

monosilicided silicon wafer. 

This smprising minimisation of nickel and platinum related defects is 

· particularly important for ultra large scale integrated circuits devices (sub 

0.15µm devices), particularly those using shallow (<O.lµm) or ultra-shallow 

( <600A) junctions. 

High temperature rapid thermal annealing is a conventional fo1m of annealing 

which is described in "Rapid The1mal Processing, Science and Technology", 

edited by Richard B. Fair, Academic Press (1993). 
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A specific example of o. method of fabricating a silicide layer on silicon regions 

of a scmic0nduotor structure embodying the present invention is described 

below. 

:EXAMPLE: 

Referring to Figure 3, a silicon semiconductor structure 1 comprises, inter alia, 

a· mrface having silicon regions 2 (i.e. source/drain regions) and adjacent 

insulating regions 3. Turning now to Figure 4, a layer comprising nickel and 

. platimun is deposited as a blanket film 4 over the silicon regions 2 and the 

adjacent insulating regions 3 of the silicon semiconductor structure, using a 

conventional deposition process. The resultant nickel/pla.timun layer 4 has a 

95°/b nickel content and a 5% platinum content. The film 4 may include other 

elements such as. for example, titanium. 

The silicon semiconductor structure 1 and the nickel/platinum. layer 4 are then 

subjected. to high temperature tapid thermal annealing to form a mckel-· 

platinum monosilicide S on the silicon regions 2 as shown in Figure 5. The 

annealing takes place in a nitrogen atmosphere at a temperature of 700°C. The 

annealing pr~cess takes 60 seconds. 

After annealing, any excess nickel/platinum film 4 on top of the insulating 

regions 3 of the semiconductor structure 1 which has not reaoted with the 

silicon regions 2 is removed, as shown in Figure 6, using appropriate chemical& 

without etching the monosilicide film 5 tonned on top of the silicon ~gio.us 2 

in accordance with methods for removing niokel/pla'tinum :films well known to 

those of ordinary skill in the a.rt. 



9 

The resultant semiconductor s1J:ucture has a low defect concentration (i.e.· 

below lxl014defects/cm3 for nickel related defects and 2xl013 defects/cm3 for 

platinum related defects and a low leakage current. 

In the present specification "comptise" means "includes or consists of'' and 

. "comprising" means "including or consisting of''. 

The features disclosed in the foregoing description, or the following claims, or 

the accompanying drawings, expressed in their specific forms or in terms of a 

means for performing the disclosed function, or a method or process for 

attaining the disclosed result, as appropriate, may, separately, or in any 

combination of such features, be utilised for realising the invention in diverse 

forms thereof. 
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1. A method of fabricating a silicide layer on a silicon region of a 

semiconductor strnafm'e, the method com.prising the steps of: 

providing a semiconductor strugtu:re having at least one Silicon region on 

a surf'aC'ie thereof; 

depositing a layer comprising nickel and platinum on the· at least one 

silicon region; 

annealing 1he semiconductor structure and the nickel/platinmn layer to 

react the nickel and the platinum with underlying silicon to form a nickel­

platinlllll silicide, wherein the annealing step takes place at temperature of 

between 680°C and 720°C. 

2. A method according to Clairn l, wherein the annealing temperature is 

700°C. 

3. A method according to Claim l or Z, wherein the nickel/platinum layer 

is deposited by sputtering a nickeL'platinum alloy target. 

4. A method according to Claim 1 or 2. wherein the nickel!p1alinwn layer 

is deposited by co-sputtering a pure nickel target and a pure platinum tara_et. 

S. A method according to Claim 1 or 2, wherein the niokcV;platinum layer 

is deposited by the sequential deposition of nickel mid platinum.. 

6. A method according to any preceding claim, wherein any exce1H 

nickeVplatimun which hu uot reacted With the silioon region is m:n.oved from 

tb.e semiconductor device. 

I lllllfi lfllll lllf J ff Ill JI 1111 
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7. A method acc:ording to any preceding cl• wherein the nickel/platinnm 
layer has a nickel content of between 90 and 990/o and a platinum. content of 
betwee:o.1and1004. 

8. A method according to Claim 7, wherein ·the nickel cont.ent is 95% and 
the platinum content is So/o. 

9. A method according to any preceding claim, wherein the annealing 
atmosphere is a nitrogen atmosphere or an argon a'lmosphere. 

10. A method according to any one of Claims 1 to 8, wherein the annealing . . 
step occurs 1n a vacuum.. 

11. A semiconductor. structure having a silicon region and a nickel-platinum 
silicide layer formed thereon, the silicide layer having been funned by 
annealing the semiconductor structure ooated with a. layer comprising nickel 
and platinum to react the nickel and the pla.tinwn with underlying silicon, 
·wherein the annealing temperature is between 680°C and 12ouc. 

12. A semiconductor structure having a silicon region and a nickel-platinum ...... 
silicide layer formed thereon, the silicide layer having nickel and· platinian 
related defects therein, the defect concentration being below lx1014 detiwts/cm3 

for niokel related defects and 2xl 013defects/cm3 for platinum relu.U:d defeots. 

I IHllll lllllI 11111 ltlll 111111 
* C L M $ * 


