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METHOD 'FOR FORMiNG SALICIDES
k d ion
Seif-aligned silicides, commonly referred to as salicides,
are fomlued when metal is deposited over an MOS structure 'and
reacted witﬁ exposed silicon areas such as the source and drain-; as
- well 'as exposed polysilicon areas on the gate, to form silicides. Oxide
structures along the gaté, known as oxide spacers, prevent the gate
and source/drain areas from being electrically connected by ayoiding
- silicide formation on the oxide. Following the silicide formation, a
selective etch is used 'to remove unreacted metal without_attackinﬁ .
the silicide. |
. The most widely used silicide for the salicide process is
| TiSi;. although platinurﬁ and mo!\}bdenum siticides are also employed.
Titanium silicide is attractive for this applicétion because it exhibits
the lowest resistivity of thé refractory metal silicides. Siﬁce ii can

reduce native oxide layers, it is the most widely accepted refractory
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metal for reliably forming a silicide on both poiy- and single-crystalline
silicon by thermal: reaction.
In the salicide structure, the silicide is formed in the

diffusion areas and on the polysilicon gate. The oxide spacers

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

latéral formation of silicide can easily bridge this separation and cause

the gate to, beéome shprted to the source/drain. it haS been observed

that If titanium silicide is formed by conventional furace annealing in-

an inert gas atmosphere, such lateral titanium silicide formation
rapidly occurs. By anriealihg in an ambient of nitrogen, the titanium
absorbs a significant amount of nitrogen and, at the same time,

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

* surface. Once-the titanium is fully reacted with the nitrogen, laterat

silicide reaction is essgntiallv suppressed.

Unfortunately, during the annealing process silicon can

diffuse from the sourc.:e,"drain'and gate regions and into the titanium

which covers the oxide region. Thus, titanium silicide can be formed

over the isolation oxide an_d sidewall spaéers. 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 Iow.resistivity

' 054 phase. If this low resistivity silicide provides a continuous

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

device will fail.

P~
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These problems can be reduced by controlling the rate
of nitridation of the titanium. The titanium.-must be nitrided quickly
enocugh td suppress the silicide formation over the oxide, yet sldwlv
enough to permit sufficient silicide to form in the source, drain and
gate regions. ‘i‘his is a very delicate process. The process can be
better controlled by limiting the thickness of the sputtered titanium.
This allows the titanium over the oxide to be quickh} nitrided. Once
itis nitridéd, it cannot be silicided. However, if the sputtered titaniu;il
is too thin, then the thickness of the silicide formed over the sourc‘e.
drain and gate regions will be insufficient to provide low resistance.
&mmmymiqu |

It is an object of the present invention to provide a
method for sahcnde formation which overcomes the problem of
formation of titanium silicide over the isolation oxide and sidewall
spac_:ers'. Further, it is an objec't_ of the present invéntion to simplify
salicide formation by eliminating the need for nitridation of the -
titanium film. .

These objects and advantages of the present invention
can be achieved by. depositing titanium p\}er a partiali?-fomied
integrated circuit interconnect using plasma-enhanced chemica.l vapor
deposition of titanium. According to the method of the present
invention, titanium is deposited by plasma-enhanced chemicat vapor
deposition over the silicon electrodes. During this deposition titanium

silicide is formed 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 chemical etch. A very

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

This layer tends to be a substoichiomietric or titanium-rich silicide
which is easily etched away with an acid etch. The stoichiometric
titanium silicide formed over the silicon is not etched.

' _ Theinitial deposition of titanium onto the semiconduct&r
or interconnect oﬁly deposits on-to the silicon electrode. Only aftér
about 39 seconds of deposition does the titanium begin to deposit
onto the o.x_id'e surface spacers and other portions of the substr_ate.

Thus, where a relatively thin layer of titanium silicide is required, .fhis

" can be deposited only onto t_he silicon, eliminating the need for

subsequent etching. The objects and advantages of the f:resent

invention will be further appreciated in light of the following detailed

" description in which:

rief Descriptio Drawi

FIGS. 1A-1D are a series of cross-sectional views:
depicting formation of. a salicide according to the present invention,

FIG. 2 Is a cross-sectional, diagrammatic visw of a
reactor for use in the present _invention. '

FIG. 3 is 'a graph depicting titanium deposition over
silicon and silicon oxide surfaces, relative to time.

FIG. 4 is the AES depth profile of Ti deposited on SI0,.
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FIG. 5 is the AES depth profile of Ti deposited on Si.

Detailed Description

According to the present inventioﬁ. a salicide or s.elf-
aligned silicide, is formed on a semiconductor device (see FIGS. 1A-
1D). 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 draiﬁ
electrod.e.s 13 and 14 are separated from the gate electrode 12 b'y
spacers-17 and 18 and gate oxide 19. The gate electrode 12, source
electrode 13 énd drain electrode 14 are all formed from silicon.

The method of forhing the gate,. source, and drain
elé&hdes, as well as locos and spacers, afe all well known, forr;l no
part of the présent invention énd can be accomplished in any manner
typically employed. Once these are formed, titanium is deposited
over_.the entire structure §hown in FIG. 1A by plasma-enhanced -
chemical vapor deposition. .

An apparatus 20 suitable for plasma-enhanced chemical
vapor deposition is shown in FIG. 2. The chemical vapor dépositibn
(CVD) apparatus 20 includes an RF showerhead/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

cover 32 and includes an RF supply assembly 34, a heat pipe
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assembly 36 with co.'oling 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.
. 0viinder 38 is preferably formulated out of a high quality
quartz such as Quartz TO8-E, available from Hereaus Amersil. Quartz

cylinder 38 is supported by a showerheadlelectrodé 22, made of a

_ conductive metal such as Nickel-200. An annuiar bore 40 is formed

within housing cover 32 to receive an upper end 42 of cylinder 3s.
O-rings 43, 44 at the interface between stepped bore 40 and cylinder
38 form a s_eél at the interface. At the lower end 46 of cylinder 38,

an annular notch 48 in cylinder 38 receives a peripheral edge'sb of

" the 'showerheadlelectrode 22. The notch 48 of cylinder 38 rests

upon the peripheral edge 50 of showerheadleleétrode 22,

Showerhead/electrode 22 includes a stem 52 attached to RF line -

' tubing 54, such as by a weld at 55, to form a unitary RF line §6. RF

line 56 is frictionally held and supported at its top end by collar 58.
The RF line,- in turn, supports sho_werhead/eléctrode_ 22 above

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

‘cylinder 38 within the cylinder assembly 26 by abutting égainst

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

between showerhead/electrode peripheral edge 50 and cylinder notch

- 48 is sealed by a compressed O-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 frorﬁ the showerhead/electrode 22. The distance sﬁould

be suc_h 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 is

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

“The plasma 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 hydrogen conducted at elevated temperatures. The reactant gas
mixture will include titanium tetrachloride, hydrogen and a higher
atomic weight, inert .gas such as argon. The concentration of '
titanium tetrachloride is re!_é-tively low and is rate determinative. A
flow rate of 5 sccm can be _employed, althoug:;h this can be reduced
by employing a dilqen__t. Thus, a flow rate of from 0.5 to 10 or more
sccm is appropriate. .

A" substantial stoichfometric excess of hvgfrogen is
embloyed, preferably from about 500 to 10,600 scem of 'hy(_irogan,
with about 1,500 p;eferred when the titanium tetrachloride flow rate

is 5 sccm.
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' The reactant gases may optionaily inciude a high atomic
weight iﬁeit gas, preferably argon. Argon caﬁ be 'infroduced ata flow
rate of 1 sccm to 1000 sccm with about 300 sccm preferred. The
purpose of the argon is to assist in breaking up the titanium
tetrachioride mlblecule. These reactant gases are combined in the
reactor through rings 62 and 64 and pass through cylinder 38 to
showerhead/electrode 22 where a plasma is created; The RF power
should bé effective to establish a plasma. This can be as I(;W as 1.0
watts up to several kilowatts with about 250 watts preferred.

The substrate will be located on a susceptor and heated
to about : 40'05 C to about 800° C with 530° C preferred. .The

susceptor itself is rotated simply to provide a more even coating.

" This can be rotated at from O to 1000 rpm with 100 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 in FiG. 3 the titanium is inmally deposited only
on the silicon. Therefore, for approxnmately the flrst 30 seconds or
35-40 A of titamum,' titanlum_ is deposited only onto the silicon.
Titanium silicide thickness is typically 2.5'times the depoéited Ti
thickness. This corresponds to fo;mation of 100 A fitaniu;n silicide.
Thfs is shown in FIG. 1B whaerein eiement.s 67, 68 and 69 -are_formed

by titanium reacting with silicon. /
| eet Has Been Replaced

T



WO 96/42105

PCT/US96/07751

9-

- . 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 t_hicker layer of titanium siliéide is required, the
reaction is continued for a total of up to about 400 seconds. This
will provi&e_ a deposited titanium layer of about 40 to 400 A. As
shown in FIG. 1C, titanium dep;asited on the silicon portions forms
titanium silicide 71, 72, 73 without any further anneal. Titanium
de;)osited .o.n the silicon dioxide layers (i.e., over locos and spacers}

forms a substoichiometric titanium/silicon compound 74 havind the

" formula TiSi, wherein X is less than 2.

FiG. 4 shows a depiction of the layer of titanium silicon
reactioh product on silicon dioxide. This layer is a titani_um-rjch
deposit that includes some silicon at the oxide interface. However,
itis s;till primarily titanipm.- :rhis layer 74 must then be removed with .
a cherﬁical etch. |

After the plasma-enhanced chemical vapor deposition is
corﬁpletéd. the substrate is removed from the. reactor, allowed to cool
to room temperature and etched ;tvith an .acid gtéh 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 subétrate} along wi'{h the 'i"iSi,, layer formed on’
the silicon dioxide.
Wit_h the salicide completed, the interconnect can then
be completed by deposition of subsequent insulation layers and/or
. aluminum metaiization, as preferred.

. The table shows various parameters used to deposit Ti

onto the silicon.
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DEPOSITION CONDITIONS (ACTUAL)

RESULTS
) Heater | Suscep Depo- sh.
Back | Dep. | Rota- | Zone | Tomp RF Ti. | sition »~ | Res
TiCl | H2 | Ar | Press | Press| Time] tion | giaye | Sot |Wafer| Power J thknss| Rate |- Rs Res Dev. | UNF COMMENTS
. [Torr) | (Torr) | tsec) | irpm) | o, | Point | Tomp | (waus) § (A) | (A/min) | €QO/sq) | sg0em | (%) () -
1] 1500| 300 5 2] 1204 100 o0,0|] 610} 530 260 232]116.82] 97.54]226.13| 5.33] 13.75] 30 SEC. DIP 100:1 HF
| 2] 1500] 300 5 2] 120§ 100f 0,0] 610] 530 26508 147] 73.71] 62.00f 91.41| 9.98) 28.79] 30 SEC. DIP 100:1 HF
3] 1500] 300 5 2] 120] 100f o0,0] 610] 630] 250§ 312)156.24| 53.52| 167.23| 4.89| 8.16] 30 SEC. DIP 100:1 HF
" 4] 1500] 300 5 2§ 120] 100]| . 0,0f 610] 630] 260 336]168.21| 44.51] 149.74| 5.38| 10.86] 30 SEC. DIP 100:1 HF
ff &) 1500] 300 3 2] 120} 100] 0,0] 610] 630] 2500 348]|173.88] 41.94]| 1456.85| 8.06] 13.86] 30 SEC. DIP 100;1 HF
| &]1500] 300 5 2] 120] 100] o0,0] e10] 530 250 315]157.50| 61.91]195.001] 6.32| 13.45] 30 SEC. DIP 100:1 HF
3| 1800] 300 5 2] 120] 100 70,0] 610} 630 2500 214}107.10} 101.79| 218.04 ) 11.45| 24.63] 30 SEC. DIP 100;1 HF
3] 1600} 300§ & 2| 120} 100| 70,0] 610] 630 260 193] 96.39] 108.15| 208.49 ] 13.38| 22.98| 30 SEC. DIP 100:1 HF
I 3]1500] 300 5 2| 120] 100| 90,0] e610] 530 250 152| 76.23] 104.68] 1569.67| 9.26] 16.34| 30 SEC. DIP 100:1 HF
.3| 1600] 300 B 2] 120 100| 90,0] 610] 530 250 158] 78.75| 104.43} 164.48} 8.97| 17.14] 30 SEC. DIP 100:1 HF
II 3| 1500 300 5 2] 120] 100| 130,0] s&10] 530 250 161] 80.64|88.938] 143.44] 6.78]| 14.83| 30 SEC. DIP 100:1 HF
3] 1500} 300 6 2| 120§ 100| 130,0] 610{ 530 250 ] - 146| 73.08] 88.23] 128.96| 9.84| 24.89| 30 SEC. DIP 100:1 HF
3] 1500] 300 5 2| 120] 100{ 110,0] B610] 530 2600 o] o0.00] 89.28] o0.00] 8.49] 13.42] 30 SEC. DIP 100:1 HF
3| 1500] 3200 6] ° 2] 120} -100| 110,0] &10] B30 250 o] o0.00] 92.99] 0.00]| 5.94] 11.87] 30 SEC. DIP 100:1 HF
3| 1600] 300 5 2| 120} 100] 110,0] 810| 530 260 0| o.00| 97.11] 0.00| 7.57] 14.62] 30 SEC. DIP 100:1 HF
.~ =
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FIG. 5shows thé AES depth profile of titanium deposited
onto the silicon. This demonstrates the formation of silicide by
practicing the present invention. .
~ This method provides the advantage of forming titanium
silii:ide on the s'ilicbn electrodes wiihout a high-temperature anneal.
This eliminates the silicon diffusion that can occur and could cause
shorting of the interconnect. This also eliininates a relétively complex
step which, in tumn, improves reliability of the end product. Overaif,
this reduces cost and improves reliability. -
This has been a description of the present invention,
along witﬁ_. the best mode currently known to the inventors of
practicing:the_ invention. However, the inven;i_on itself shouid onl;f be

" defined by the appended claims wherein we claim:
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1. A method of formin;;j titanium silicide over at least one
selected region of silicon on a semiconduc;-tor substrate adjacent
insulators, said method comprising:

depositing titanium over a surface of said semiconductor
substrate includit'ug said selected region of silicon by plasma-enhaﬁced
chemical vapor deposition of titanium, thereby formihg titanium

silicide on said selected region of silicon.

2. The method claimed in claim 1 wherein séid insulator's
are regions of silicon dioxide and wherein titanium is deposited for a
period of timé effective so that titanium is only deposited on said

selected region of silicon without being deposited on said regions; of

" silicon dioxide. -

3. . The method claimed in claim 2 wherein said time is less

" than 30 seconds.

4. The method claimed in claim 1 further comprising

chemically etching titanium deposited on said substrate.

This Sheet Has Been Replaced
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5. The method claimed in claim 1 wherein said titanium is
deposited by establishing a plasma of reactant gases, said reactant
gases including titanium tetrachloride and hydrogen, and contaé'ting

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 is,debosited. '

7. The method claimed in claim 3 whereby titanium
deposited onto said selected regions of silicon forms titanium silicide,
and wherein titanium deposited onto said regions of silicon dioxide on

said substrate forms TiSix wherein "X" Is less than 2, wherein -said

’ sutpstrate is treated with a chemical etchant effective to remove

titanium and TiSI,, but not effective to remove titanium silicide.

Thiis Sheet Has Been Replac
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8. The method claimed in claimﬁ 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 of silicon electrodes separated by silicon dioxide insulators;
' depositing titanium onto said substrate by creating 'a
plasma formed from reactant gas;as comprising titanium tetrachloridé,

hydrogen and an inert gas;
| ' éontacting said substrate with said plasma whe(ebv
titanium is deposited onto said substrate and titanium deposited onto

' said._ silicon eléctrodes forms titanium silicide;

chemicaily stching said substrate to remove tiiahium

without. removing said titanium silicide.
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