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METHOD FOR FORMING SALICIDES 

Qackground of the Invention 

· PCTIUSMI0'1'751 · 

Self-aligned slllcldes, commonJy referred to as salicides, 

are formed when metal Is deposited over an MOS structure and 

reacted with exposed sllicon areas such as the source and drain~ as 

· well as exposed.polysilicon areas on the gate, to form silicides. Oxide 

structures along the gate, known as oxide spacers, prevent the gate 

and source/drain areas from being electrically connected by avoiding 

silicide formation on the oxide. Following the silicide formation, a 

selective etch is used to r~move unreacted metal without. attacking 

the silicide. 

The most widely used silicide for the salicide. process .is 

TiSi2, although platinum and molybdenum silicldes are also employed. 

Titanium silicid• ia attracti~e for this ~pplication be~ause it exhibits 

the lowest resistivity of the refractory metal silicldes. Since it can 

reduce native oxide ·1ayers, it Is the most widely accepted refractory 
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metal for reliably forming a silicide on both poly- and single-crystalline 

silicon by therm~I· reaction. 

In ·the salicide structure, the silicide Is formed in· the 

diffusion areas and on the polysilicon gate. The oxide spacers 

separate these two regions by only about 2,000-3,000 A. Thus, any 

lateral formation ~f silicide can easily bridge this separation and cause 

the gate tQ become shorted to the source/drain. It has been observed 

that if titanium silicide is formed by conventional furnace annealing In· 
an inert ga~ atmosphere, such lateral titanium sillclde formation 

rapidly ~ccurs. By annealing in an ambient of nitrogen, the tita.nium 
. . . 

absorbs a _significant ·amount of nitrogen and," at the same ~ime, 

reacts with the nltrogen and forms a nitride phase on the titanium 

surface. Once·the titanium is fully reacted· with the nitrogen, lateral 

silicide reaction is essentially suppressed. 

Unfortunately, during the annealing process silicon c:an 

diffuse from the source,· drain and gate regions and Into the titanium . 

which covers the oxld~ region. Thus, titanlu~ silicide can be formed 

over the isolation oxide and sidewall spacers, as well .as over the 

source, drain and gate regions. This silicide Is not etched away ·by 

the selective etch. Therefore, when the second high-temperature 

anneal is performed, the silicide Is converted to the low resistivity 

C54 phase. If this low resistivity silicide provides a continuous 

electrical path between the source, drain and gate regions, then the 

device will fail. 

• 

• 
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These problems can be reduced by controlling the rate 

of nitridation of the titanium. The titanium must be nitrided quickly 

enough to suppress the .silicide. formation over the oxide, yet slowly 

enough to permit sufficient silicide to form In the source, drain and 

gate regions. This is a very delicate process. The process can be 

better controlled by limiting the-thickness of the sputtered titanium. 

This allow$ the titanium over the oxide to be quickly nitrided. Once 

it is nitrided, it cannot be silicided. However, if the sputtered titanium 

Is too thin, then the thickness of the silicide formed over the source, 

drain a8'd gate regions will be ins1:1fflcient to provide low resistance. 

Summarv of the Invention 

It Is an object of the present Invention to provide a 

method for salicide formation which overcomes the problem of 

formation of titanium silicide over the isolation oxide and sidewall 

spacers. Further, it is an object of the present Invention to ·simJ11ify 

salicide formation by eli~inating the need · for nitridatiori of the · 

titanium film. 

These objects and advantages of the present invention 

can be achieved by. depositing titanium ~var a partially-formed 

Integrated circuit interconnect using plasma-.enhanced chemical vapor 

deposition of titanium. Acco~ding to the method of trye present 

invention, titanium ~is deposited by plasma-enhanced chemical vapor 

deposition over the silicon electrodes. During this deposition titanium 

silicide is form"d on the silicon electrodes, eliminating any need for 
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heat treatment to form the silicide. Titanium Is formed over silicon 

oxide spacers and isolation oxide. This titanium can be removed 

along with other deposited titanium through a ctiemical etch. A very 

thin titanium silicide layer is formed at the titanium/oxide interface. 

This layer tends to be a substoichiornetrfc or titanium-rich silicide 

which is easily etched away with an acid etch. The stoichiometric 

titanium silJcide formed ~var the silicon Is not etched. 

The initial deposition of titanium onto the semiconductor 
. 

or interconnect only deposits onto the silicon.electrode. Only after 

about 30 seconds. of deposition does the titanium begin to deposit 

onto the oxide surface spacers and other portions of the substrate. 

Thus, where a relatively thin layer of titanium silicide Is required. this 

· can ·be deposited only onto the silicon, eliminating the need· for 

subsequent etching. The objects and advantages of the present 

invention will be further appreeiated in. light of the following detai{ed 

description in which: 

Brief Dascrfptlon of the Drawings 

FIGS. 1 A-1 D are a series of cross-sectional views 
. . 

depicting formation of. a salicide according t~ the present invention. 

FIG. 2 Is a cross-sectional, ~iagrammatic view of a 

reactor for use in the present invention. 

• 

l 
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FIG. 3 is a graph depicting titanium deposition over 

silicon and silicon oxide surfaces, relative to time. 

Fl~. 4 Is the AES depth profile of Ti depQsited on SI02• 
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FIG. 5 is the AES depth profile of Ti deposited on Si. 

Detailed Description 

According to the present invention, a salicide or self-

aligned sili~ide, is formed on a semiconductor device (see RGS. 1Aa 

10). The semiconductor device is located on a substrate 11 which 

has deposited thereon a gate electrode 12, a source and drain 

electrode 1'3 and 14. On either side of the source electrode and gate 

electrode are silicon dioxide locos 15 and 16. The source and drain 

electrodes 13 and 14 are separated from the gate electrode 12 by 

spacers-1 "? and 18 and gate oxide 19. The gate electrode 12,, source 

electrode 13 and drain electrode 14 are all formed from silicon. 

The method of forming the gate, source, and drain 
. . 

electrodes, as well as locos and spacers, are all well known, form no 

part of the present invention and can be accomplished in any manner 

typically employed. Once these are formed, titanium is deposited 

over. the entire structure shown in FIG. 1 A by plasma-enhanced · 

chemical vapor deposition·. 

An apparatus 20 suitable for plasma-enhanced chemical 
. . 

vap~r deposition is shown in FIG. 2. The ch~mical vapor deposition 

(CVD) apparatus 20 includes an R~ showert:iead/electrode 22 biased 

by an RF feedline assembly 24. Plasma and reactant _gases are 

pumped through a cylinder assembly 26 to a substrate . 11 on 

susceptor 30. Apparatus 20 includes a housing having a housing 

cove~ 32 and . Includes an RF s~pply assembly 34, a heat pipe 
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assembly 36 with cooling Jacket 37 and associated fluid supply lines 

and a gas distributor cover 39 with a sealing assembly 41. A cylinder 

38 made of an insulating material such as quartz surrounds the RF 

feed line assembly 24. 
. . 

Cylinder 38 is preferably formulated out of a high quality 

quartz such as Qu~rtz TOS-E, available from Hereaus Amersil. Qua~ 

cylinder 3q is supporteq by a showerhead/electrode 22, made of a 

conductive metal such as Nickel-200. An annular bore 40 Is formed 

within housing cover 32 to receive an· upper end 42 of cylinder 38. 

0-rings ~· 44 at the interface between stepped bore 40 and cyli.nder 

38 form a seal at the interface. At the lower end 46 of cylinder 38, . . 

an annular notch 48 in cylinder 38 receives a peripheral edge· 50 of 

the showerhead/electrode 22. The notch' 48 of cylinder 38 rests 
. . 

upon the peripheral edge 60 of showerhead/electrode 22. 

Showerhead/electrode 22 Includes a stem 52 attached to. RF ljne 

tubing 54, such as by a weld at 55, to form a unitary RF line. 56. RF 

line 56 Is frictionally h~ld and supported at Its top end by collar 68. 

The RF line,. in tum, supports showerhead/electrode. 22 above 

susceptor 30. Showerhead/electrode 22, in turn, supports the 

. cylinder 38 within the cylinder assemtily 26 by abutting against 

cylinder 38 at ·notch 48 and holding. it in bore 40. The interface 
. . . . 

between showerhead/elect~9de periphe.ral edge 50 and cylinder notch 

48. is sealed by a compressed 0-ring 59 which is compressed 

between shelf 48 and a similar corresponding annular notch 60 

'• 
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formed in peripheral edge 50 of the showerhead/electrode 22. A 

plurality of gas halos or rings 62, 64 introduce reactant gases into 

cylinder 38. 

Generally, the substrate 11 is spaced from about 0.25 

to 2 inches from the showerhead/electrode 22. The distance should 

be such that active ions strike the substrate. 

~ In general, reaction gases are Introduced through rings 

62 and 64. These pass through cylinder 38 and a plasma ii 

generated as the gases pass through the showerhead/electrode 22. 

The pla~ma will strike the substrate 11. 

Titanium is deposited onto substrate 11 by plasma­

enhanced chemical vapor deposition. The plasma:.enhanced chemical 

vapor deposition reaction is a reaction involving titanium tetrachloride 

and hydrogeri conducted at elevated temperatures. The reactant gas 

mixture will Include titanium tetrachloride, hydrogen and a higtier 

atomic weight, inen gas such as argon. The concentration of 

titanium tetrachloride ~s relatively low and is rate determinative. A 

flow rate of 5 seem can be employed, although this can be reduced 

by employing a diluent. Thus, a flow rate of from 0.5 to 1 O or more 

seem is appropriate • 

A· substantial stoichiometric excess of hydrogen is 

employed, preferably from about 500 to 10,000 seem of hy~rogen, 

with about 1,500 preferred when the titanium tetrachloride flow rate 

is 5 seem. 
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The reactant gases may optionatly Include a high atomic 

weight inert gas, preferably argon. Argon can be introduced at a flow 

rate of 1 _seem to 1000 seem with about 300 seem preferred. The 

purpose of the argon is to assist in breaking up the titanium 

tetrachloride molecule. These reactant gases are combined in the 

reactor through r~ngs 62 and 64 and pass through cylinder 38 to 

showerheed/electrode 22 where a plasma Is created. The RF power 

should be effective to establish a plasma. This can be as low as 10 

watts up to severaJ kilowatts with about 250 watts preferred. 

The substrate will be located on a susceptor and heated 
. . . 

to about -:W0° C to about 800° C with 530° C preferred. The 

susceptor Itself is rotated simply to provide a inore even coating. 

This can be rotated at from o to 1 ooo rpm with 1 oo rpm generally 

acceptable. The pressure within the reaction chamber is maintained 

from about 0.5 torr to about 20 torr with 5 torr being preferred~ 

Reaction time can significantly affect the _ present. 

process. As shown i~ FIG. 3, the titanium I~ Initially deposited only 

on the silicon. Therefore, for approximately the first 3Q seconds or 

35-40 A of titanium, titanium is deposited only onto the silicon. 

Titanium silicide thickness is typically 2.5 times the deposited TI 

thickness. This corresponds t~ formation of 100 A titanium slliclde. 

This is shown In FIG. 1 B wt:aereln elements 67, 68 and 69 are formed 

by titanium reacting with silicon. 

.. 

... 
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As titanium is deposited onto silicon, it immediately 

reacts with the silicon to form the titanium silicide 67, 68 and 69. 

Thus, if less than about 100 A of titanium silicide is required, the 

reaction can be stopped after 30 seconds or less and no etching is 

required. 

If a thicker layer of titanium silicide Is required, the 

reaction Is continued for a total of up to about 400 seconds. This r . 

will provide a deposited titanium layer of about 40 to 400 A. As 
. 

shown in FIG. 1 C, titanium deposited on the silicon portions forms 

titanium silicide 71, 72, 73 without any further anneal. Titanium 

deposited on ·the silicon dioxide layers (i.e., over locos and spacers) 

forms a substoichiometric titanium/silicon compound 74 having the 

formula TiSix wherein X is less than 2. 

FIG. 4 shows a depiction of the layer of titanium silicon 

reaction product on silicon dioxide. This layer is a titanium-rich . . 
deposit that includes some silicon at the oxide interface. H~wever, 

it is still primarily titanium •. This layer 74 must then be remo~ed with 

a chemical etch. 

After the plasma-enhanced chemical vapor deposition is 

completed, the substrate is removed from the reactor, allowed to cool 

to room temperature and etched with an acid etch for about 120 

seconds. A suitable -acid etch is formed from 3 parts hydrogen 

peroxide (30%)-and 1 part sulfuric acid (95-97%). This will remove 
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any titanium on the substrate~ along wt{h the TiSix layer formed on· 

the silicon dioxide. 

With the salicide completed, the iriterconnect can then 

be completed by deposition of subsequent insulation layers and/or 

aluminum metalization, as preferred • 

. The table shows various parameters used to deposit Ti 

onto the sjlicon. 

.. 
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TIC, H2 Ar 

1 1600 300 
2 1600 300 
3 1600 300 
4 1600 300 
6 1600 300 
6 1500 300 

3 1600 300 
3 1600 300 
3 1500 300 

.3 1&00 300 
3 1500 300 
3 1500 300 

3 1500 300 
3 1500 300 
3 1600 300 

DEPOSITION CONDITIONS (ACTUAL) 
Heater Sueaep 

Back Dep.· Rota· Zone Temp 
Press Press Tune tlon Slave Set 
ITo.rrl (Torrt (seal lrPml ... Point 

6 2 120 100 0,0 610 
5 2 120 100 0,0 810 
5 2 120 100 o.o 610 
6 2 120 100 . o.o 610 
& 2 120 . 100 0,0 610 
5 2 120 100 0,0 610 

5 2 120 100 70,0 610 
6 2 120 100 70,0 610 
& 2 120 100 90,0 610 
& 2. 120 100 90.0 610 
6 2 120 100 130,0 810 
6 2 120 100 130,0 610 

... 

5 2 120 100 110.0 610 
& . 2 120 ·100 110,0 610 
6 2 120 100 110,0, 610 

Depo-
RF TI. iltion 

Wafer. Power thknss . Rate . Rs 
Temp (W8~t8I IAI (A/mint fQ/sq.I 

530 250 232 116.92 97.54 
530 260 147 73.71 62.00 
530 260 312 156.24 53.52 
630 260 336 168.21 44.61 
630 260 348 173.88 41.94 
530 250 315 157.50 81.91 

630 250 214 107.10 101.79 
&30 260 193 96.39 108.16 
530 250 152 76.23 104.66 
630 250 158 78.76 104.43 
530 250 161 80.64 88.936 
630 260 . 146 73.08 88.23 

530 250 
.•·ti· 

0 0.00 89.26 
630 250 0 o.oo 92.99 
630 260 0 0.00 97.11 

RESULTS 
Sh. 

4 Rea. 
Res Dev. 

pOc:m 
. "'' 

228.13 5.33 
91.41 9.98 

167.23 4.89 
149.74 6.38 
146.86 8.06 
196.01 6.32 

218.04 11.46 
208.49 13.38 
159.57 9.25 
164.48 8.97 
143.44 6.78 
128.96 9.64 

0.00 8.49 
o.oo 6.94 
o.oo 7.57 

UNF 
t:tl 

13.76 
28.79 
8.16 

10.88 
13.86 
13.45 

24.63 
22.98 
16.34 
17.14 
14.83 
24.89 

13.42 
11.67 
14.62 

'-· 

COMMENTS 

·-
30 SEC. DIP 100:1 HF 
30 SEC. DIP 100:1 HF 
30 SEC. DIP 100:1 HF 
30 SEC. DIP 100:1 HF 
30 SEC. DIP 100:1 HF 
30 SEC. DIP 100:1 HF 

30 SEC. DIP 100:1 HF 
30 SEC. DIP 100:1 HF 
30 SEC. DIP 100:1 HF 
30 SEC. DIP 100:1 HF 
30 SEC. DIP 100:1 HF 
30 SEC. DIP 100:1 HF 

30 SEC. DIP 100:1 HF 
30 SEC. DIP 100:1 HF 
30 SEC. DIP 100:1 HF 

--

~ 
IO 
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FIG. 5 shows the AES depth profile of titanium deposited 

onto the silicon. This demonstrates the formation of siDcfde by 

practicing the pres~nt invention. 

This method provides the advantage of f~rmlng titanium 

silicide on the silicon electrodes without a high-temperature anneal. 

This eliminates the silicon diffusion that can occur and could cause 

shorting of.the lnterconn.ect. This also eliminates a relatively complex 

step which, In turn, Improves reliability of the end product. Overall, 

this reduces cost and improves reliability. 

This has been a description of the present invention, 

along with the best mode currently known to the inventors of 

practicing the invention. However, the invention itself should only be 

defined by the appended claims wherein We claim: 

L 

.. 
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1. A method of forming titanium silicide over at least one 

selected region of silicon on a semiconductor substrate adjacent 

insulators, said method comprising: 

depositing titanium over a surface of said semiconductor 

substrata Including said selected region of silicon by plasma-enhanced 

chemical vapor deposition of titanium, thereby forming titanium 

silicide on s,aid selected region of silicon. 

2. The method claimed in claim 1 wherein said insulators 

are regio_ns of silicon dioxide and "!herein titanium is deposited ~r a 

period of time effective so that titanium is only deposited on said . . 

selected region of silicon without being deposited -on said regions oJ 

silicon· dioxide. · 

3. The method claimed In claim 2 wherein said time is leJ;s 

than 30 seconds. 

4. The method claimed in claim 1 further ~omprising 

chemically etching titanium deposited on said substrate. 
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6. Title method claimed In clalm 1 wherein said titanium Is 

deposited by establishing a plasma of reactant gases, said reactant 

gases including ~itanlum tetrachlori~e and hydrogen. and contacting 

said substrate with said plasma at a temperature less than 800° c. 

6. The method claimed in claim 2 wherein 1 to .40 A of 

titanium ts. deposited. · 

. 
7. The method claimed in claim ·3 whereby titanium 

deposit~d onto said selected regions of silicon forms titanium sil~cid~, 

and wherein titanium deposited onto said regions of Siiicon dioxide On 
. . 

said substrate forms TiSix wherein "X" Is lass than 2, wherein said 

subStrate Is treated with a chemical etcliant effective to remove 

titanium and ·TISlx, but not effective to remove titanium silicide. 

.. 

... 
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8. The method claimed in claim-1 wherein a plasma of 

reactant gases is established at a distance less than or equal to 2 

Inches from said substrate. 

9. The method of forming a self-aligned silicide interconnect 

on a semiconductor substrate, said semiconductor substrate including 

a plurality o/ silicon elect~odes separated by silicon dioxide insulators; 

depositing titanium onto said substrate by creating a 

plasma formed from reactant gases comprising titanium tetrachloride, 

hydroge.n and an Inert gas; 

contacting said substrate with said plasma whereby 

titanium is deposited onto said substrate and titanium deposited onto 

said_.sili~on electrodes forms titanium silicide; 

chemically etching said substrate to remove titanium 

without. removing said titanium silicide • 


