
EP 0 212 266 B1 Description Field of the Invention 5      The present
invention relates generally to creating refractory metal silicide films
during semiconduc- torr manufacturing and, more particularly, relates to
selectively forming titanium silicide on silicon in pref- erence to silicon
dioxide at high tempertures and low pressures. Background of the Invention
10 Polycrystalline silicon (polysisicon) has long been used for gates and
interconnecting conductor lines for metal oxide semiconductor (MOS)
integrated circuits. However, one disadvantage of polysilicon is its
relatively high electrical resistance, on the order of 20 to 30 ohms per
square for a typical film of about 500 nm (5000 Angstroms) thickness. This
high electrical resistance introduces RO time delays, 15   particularly
when the polysilicon lines are long. While this problem is not particularly
acute for large scale integrated (LSI) MOS circuits, as regards to very
large scale integrated (VLSI) circuits, the rela- tively high resistivity
of polycrystalline silicon substantially limits circuit performance. One
alternative is to replace the polysilicon with a refractory metal silicide
such as molybdenum sili- cide, tungsten silicide, tantalum sificide,
titanium suicide and mixtures thereof. The silicides have 20   processing
properties similar to polysilicon with the added advantage of an
order-of-magnitude lower sheet resistance. However, some silicide-gate
designs have stability problems. If a silicide material is placed directly
over the gate oxide, high temperature processing can cause the metal to
diffuse through the gate and degrade the device performance via gate oxide
breakdown. An optional modification of this alternative that potentially
avoids the metal diffusion problem is the 25   use of a gate sandwich
structure consisting of polysilicon on the bottom and a metal suicide on
the top with only the polysilicon contacting the gate oxide. This
polysiliconsilicide structure is commonly called a polycide. This approach
offers the advantage of lower sheet resistance on the order of 1 to 5 ohms
per square and is attractive from a process standpoint since it is more
easily inserted into an existing pro- cess line. Because of these
advantageous features, this approach has been gaining wide-spread popu- 30
larity. A number of polycide structures have been reported in the prior arL
These include suicides of almost all the transition. metals, and chromium,
nickel and iron formed on polysilicon. Of these, a tungsten poly- cide
structure consisting of tungsten disilicide (WSi2) on top of a doped
polysilicon layer has been the subject of intensive investigation not only
because of its low resistivity but also because of its stable 35   chemical
processing properties and compatiblity as a gate material (i.e. MOS devices
fabricated with WSi2/polysilicon gate material exhibit excellent silicon
dioxide-silicon interface properties such as low surface state density,
ass, and low surface state density distribution) while preserving the
proven poly- silicon gate advantages. However, the use of silcides in VLSI
technology causes a number of problems. Specifically, it is diffi- 40
cult to provide a good ohmic contact between a silicide interconnect layer
and a silicon substrate. Sili- cides are dopant sinks and dopant loss from
heavily doped areas through silicide films are a well-docu- mented
phenomenon, see M. Y. Tsai, et al. J. Acol. Phys. Vol. 52, 1981, p. 5350.
Secondly, suicides, es- pecially when deposited by sputtering, do not
always provide good step coverage over the vertical features of the
integrated circuit. That is, sputtered suicides may be characterized by
electrical disconti- 45   nuities when they are deposited over vertical
steps associated with integrated circuit devices. This is especially
critical when the silicide is used by itself rather than in combination
with a polycrystalline sili- con. Finally, it is necessary to avoid any
possible reaction between the silicide and the contacting layers or
chemicals which will come in contact with the silcide during the
manufacturing process. Metal evaporation and sputtering are well known
techniques for depositing metal films. A less com- 50   mon, but more
efficient method is chemical vapor deposition (CVD) as described in P. A.
Gargini, et al., "WNOS: Low Resistance Self-aligned Source, Drain and Gate
Transistors,  International Electron De- vices Meeting Papers December
1981, pp. 54-57. T. Moriya, et al., in "A Planar Metallization Process -
Its Application to Tri-level Aluminum Interconnection," International
Electron Devices Meeting Papers published December, 1983, pp. 550-553
teaches that contact windows or via holes of a high aspect ratio 55   may
be refilled with tungsten by selective CVD employing WFs. However, tungsten
films made in this fashion are subject to encroachment problems during the
deposition process. And although the tungsten CVD process is noted as
selective in that the tungsten only deposits on the silicon substrate
rather than any silicon oxide present, selectivity is completely lost if
the reaction temperature rises to about 4000C or above. so     Salicidation
processes are also known to give titanium silicide (TiSi2) films with
advantageous proper- ties as described in M. E. Alperin, et al.,
'Development of the Self-Aligned Titanium Silicide Process for VLSI
Applications," IEEE Journal of Solid-State Circuits. Vol. SC-20, No. 1,
February 1985, pp.81-69. The titanium silicide formation process is free
from encroachment during processing. However, the par- ticular method noted
above requires a titanium and titanium nitride ship and an annealing step
after the 65   Tii film is formed. 



2    EP 0 212 266 B1 U. S. Pat. No. 4,501,769 to Hieber, et al. notes that
high melting point suicides, such as tantalum and molybdenum, may be
selectively deposited on substrates containing at least some silicon
regions by ther- mally decomposing gaseous silicon, such as SiH2Cl2, and
halogen compounds containing the metal in a reaction gas to deposit the
metal suicide from the gaseous phase onto a controllably heated substrate 5
containing the silicon regions. The process produces a gaseous hydrogen
halide. The method requires adjusting the substrate deposition temperature
and composition of the reaction gas to values at which sil- icide
nucleation in regions of the substrate other than silicon regions is
suppressed during deposition from the gaseous phase due to the presence of
the hydrogen halide. 10   Summary of the Invention Accordingly it is an
object of the present invention to provide a process for forming
source-drain and gate silicidation and contact filling using low
resistivity refractory metals to facilitate high reliability inter-
connections in semiconductor integrated circuits. 15     Another object of
the invention is to provide a titanium siicide formation process that is
completely se- lective to deposition upon exposed silicon or polysilicon.
An additional object of the Invention is to provide a process for titanium
suicide formation that does not permit subsequent encroachment underneath
the silicide layer. Still another object of the present invention is to
provide a method for titanium silicide formation which 20   requires no
anneal and subsequent etch of unreacted titanium from the surface of the
wafer. In carrying out these and other objects of the invention, there is
provided, in one form, a process for selectively forming titanium silicide
on polysilicon via low pressure chemical vapor deposition (LPCVD)
comprising introducing a titanium halide gas and hydrogen into a reaction
zone having a polysilicon sur- face present wherein the reaction
temperature ranges from 700 to I 000C and the reaction pressure 25   ranges
from 67 to 200 Pa. Brief Description of the Drawings FIG. 1 is a cross
sectional illustration of a MOSFET after growth of a polysilicon gate; 30
FIG. 2 is a cross sectional illustration of the MOSFET of FIG. 1 after
formation of silicon dioxide side- walls and subsequent etch; FIG. 3 is a
cross sectional illustration of the MOSFET of FIG. 2 after selective
formation of a titanium silicide layer in accordance with the method of the
present invention; and FIG. 4 is an Auger electron spectroscopy profile for
Example I hereinafter described. 35 Detailed Description of the Invention
Titanium silicide, TiSi2, is a low resistivity refractory metal, with a
typical resistivity value of 12 to 20 microohm-cm. it can be used as a gate
electrode or as an interconnect in advanced MOS memories and 40
microprocessors in place of or as a supplement to the more resistive
polysilicon. It has been discovered that TiSi2 may be selectively formed on
silicon without deposition on neighbor- ing silicon oxide, SiO2, where the
selectivity is complete. Throughout this description, the term "silicon' is
used to refer to both monocrystalline and polycrystalline silicon. Silicon
dioxide is, of course, not in- cluded in the definition of "silicon". 45
The 100% selectivity of this process allows the avoidance of subsequent
etching of TSia. In addition, a selective film of TiSi2 over no and/or pi
preohmic areas improves the ohmic contact between aluminum metal layers and
no and/or pa areas. For very small geometries, such as those being
encountered in VLSI, this latter factor is very important for device
performance. In this process, TiSI2 is selectively formed on silicon in a
hot wall, less than atmospheric pressure 50   chemical vapor deposition
system, also known as LPCVD. In this system, from 50 to 75 wafers may be
positioned vertically in an LPCVD reaction tube. In gaseous form, a
titanium halide gas and hydrogen are introduced into the reaction tube and
TiSi2 is formed only on exposed silicon surfaces and not at all on silicon
oxide surfaces. It is preferred that the titanium halide gas be a titanium
tetrahalide gas. Titani- um tetrachloride is particularly preferred.
Nitrogen may also be present as an inert diluent. 55     Simplified,
suggested reactions are proposed as follows, although the invention should
not be limited thereby: (1) 2TiC04(g) + Si(s) -e 211C12(s) + SiG14(g) (2)
TiCl2(s) + 2Si(s) + H2a-rlSi2(s) + 2HCL(g) 60 It has been observed that a
minimum H2 and/or N2 gas: TIC4O dilution of 50:1 is necessary at the high
reaction temperatures to avoid the etching of silicon. The temperature for
this LPCVD reaction should range from 700 to 1000C. A preferred reaction
temperature range is from 750 to 850oC. However, it should also be noted
that these reaction temperature ranges are higher than usual for LPCVD
process- 



65   es. Typically, LPCVD reactions in hot wall reactors are not conducted
over 700C. Special modifica- 3    EP 0 212 266 B1 tions to commercially
available LPCVD equipment were required to achieve these reaction
conditions. Briefly, the modifications involve the Inclusion of water
cooled end caps on the LPCVD tube. As suggested, the minimum TiC14 dilution
of 50:1 may be accomplished with a mixture of N2 and H2 gas- es. The
nitrogen is inert and simply acts as a diluent. However; it should be noted
that the presence of 5   hydrogen favors reaction (2). Shown in FIG. 1 is a
cross sectional illustration of a metal oxide semiconductor field effect
transistor (MOSFET) 10 under construction. Substrate 12-already has formed
thereon two field silicon dioxide Isola- tion regions 14 between which
MOSFET 10 is being built Preohmic no source/drain depletion regions 16,
gate oxide 18 and polysilicon gate 20 have also already been formed. 10
Shown in FIG. 2 is a cross sectional illustration of the MOSFET 10 of FIG.
1 after the growth of silicon dioxide sidewalls 22 and subsequent etch of
unwanted oxide from the surface of the device. It will be not- ed that at
this stage, prior to the suicide deposition, that the only areas of exposed
silicon or polysillcon are the top of gate 20 and the tops of source/drain
regions 16. Shown In FIG. 3 is a cross section of MOSFET 10 from FIG. 2
after the TiSi2 layer has been selective- 15  ly formed to form
source/drain silicidation interconnects 24 and gate silicidatlon
interconnect 26. FIG. 3 also shows that the TiSi2 forms only where silicon
or polysilicon was exposed. It is expected that if other materials were
exposed, no titanium would be deposited on those surfaces as well. In the
inventive tech- nique, if the reaction temperature falls below about 7000,
then no reaction will occur and, of course, no loss in selectivity will
result. If a thin silicon dioxide layer is present, the silicide may not
deposit, and the 20   wafer may have to be recleaned and reworked, but the
wafer will not be ruined. By way of contrast, in the case of tungsten
deposition, if a thin Si02 layer Is present or the reaction temperature
rises too high, loss of selectivity will occur and tungsten will be
deposited over the entire surface of the wafer, rendering the wafer
useless. Since the process is completely selective, no extra masks need be
worked up for the TiSi2 layer. 25    It should also be noted that, as
opposed to prior art salicidation processes, there is no need to anneal the
siicide layer or to remove unreacted titanium. By definition if titanium
exists on the wafer surface it is bound up in the TiSi2 areas only. In
addition, no encroachment of the TiSi2 occurs during processing. The
process of this invention is further illustrated by the following example
which is not intended to lim- it the invention, but rather to illuminate
it. 30 Example 1 Nine wafers, each having exposed polysilicon and silicon
dioxide areas, were placed upright in a LPCVD reactor modified as described
above. The reactant gases titanium tetrachloride and hydrogen 35   were
present in a mole ratio of 50:1, and nitrogen was used as an inert diluent.
The reaction temperature was 800*C and the final pumpdown pressure was 200
Pa. The reaction was run for 45 minutes. Average wafer weight gain was 2162
micrograms. An Auger electron spectroscopy profile for this Example is
presented in FIG. 4. It may be noted that shortly after the reaction
started, at about 0.6 minutes, that the analysis becomes consistent with a
TiSi2 40   material. The arrow at about 3.5 minutes indicates the beginning
of the interface with the polysilicon gate. The oxygen shown is a
contaminant and is preferably not present. In an optimized system, very
little or no oxygen would be detected. The resistivities ranged from 13 to
25 microohms per cm, which is also consistent with TSig. Absolutely no
TiSi2 was found on the oxide surfaces. 45     Sheet resistivity data were
determined to be as follows with the flat oriented at the bottom of the
wafer. Sheet Resistivities for Selected Wafers Wafer No.           Top
Left          Middle    Right             Bottom 2                   .28
.64           .13           .28           .45 3                   .19
.23           .12           .21           .22 55 4                   .15
.23           .12           .21           .22 5                   .14
.15           .14           .20           .15 6                   .25
.19           .17           .20           .25 The preferred proportions of
reactants for the inventive process, expressed in terms of flow rates, are
from 500-2000 standard cubic centimeters/minute (sccm) hydrogen, 5-20 sccm
titanium tetrachloride and 0-1000 sccm nitrogen. These proportions reflect
the need for a dilute titanium contribution. The nitro- 65   gen is
recognized as an optional Ingredient, useful as an inert diluent 4 



*   C   L   M   S   * Claims 1. A process for selectively forming titanium
silicide (24,26) on silicon (16) and/or polysilicon (20) sur- faces in the
absence of subsequent unreacted titanium etch steps, via low pressure
chemical vapor dep- 5   osition (LPCVD) comprising introducing in the
absence of a silicon bearing gas a titanium halide gas and a stoichiometric
excess of hydrogen with respect to said titanium halide gas into a reaction
zone having substrates with silicon and/or .polysillcon surfaces wherein
the reaction temperature ranges from 700 to 1 0009C and the reaction
pressure ranges from 67 to 200 Pa. 2. The process of claim I in which the
reaction temperature ranges from 750 to 8500C. 10     3. The process of
claim 1 in which the titanium halide gas is a titanium tetrahalide gas. 4.
The process of claim 3 in which the titanium tetrahalide gas is titanium
tetrachloride. 5. The process of claim 1 in the absence of subsequent
anneal steps. 6. The process of claim 1 in which the titanium halide is
present in the gaseous reaction mixture In a con- centration of at least
1:50. 15     7. The process of claim 1 in which nitrogen may be present and
the ratios of flow rates of titanium hali- de : nitrogen : hydrogen range
from 5:0:500 sorm to 20:1000:2000 sccm. 8. A process for producing a
semiconductor device (10) comprising a low resistivity layer of titanium
silicide (24,26) selectively overlying a region of silicon (16,20)
comprising the steps of providing a single crystal silicon substrate (12),
20  forming regions of a polycrystalline silicon material (20), forming
regions of a silicon oxide material (14) in the neighborhood of the
polycrystalline silicon material (20) and forming a titanium silicide layer
(24,26) selectively on the single crystal (16) and polycrystalline silicon
(20) material via low pressure chemical vapor deposition (LPCVD), the
improvement comprising reacting 25   a gaseous titanium halide with the
single crystal (16) and polycrystalline silicon (20) material at a tempera-
ture in the range of 750 to 8500C and a pressure in the range of 67 to 200
Pa in the presence of a stoichi- ometric excess of hydrogen with respect to
said titanium halide gas and in the absence of a silicon-bear- ing gass to
form the titanium silicide layer, in the absence of subsequent anneal and
unreacted titanium etch steps. 30     9. The process of claim 8 in which
nitrogen may be present and the ratio of flow rates of titanium halide :
nitrogen: hydrogen ranges from 5:0:500 to 20:1000:2000 sccm. 10. The
process of claim 8 in which the titanium halide gas is a titanium
tetrahalide gas. Patentanspr0che 35 1. Verfahren zur selektiven Bildung von
Titansilizid (24, 26) auf Silicium (16)- und/oder Polysilicium
(20)-OberfiAchen, in Abwesenheit nachfolgender Atzstufen fOr unreagiertes
Titan, mittels chemischer Dampfabscheidung unter Niederdruck (LPCVD),
umfassend das Einf~hren, in Abwesenheit eines Silici- um tragenden Gases,
eines Titanhalogenidgases und eines st6chiometrischen Oberschusses an Was-
40   serstoff beziglich dem Titanhalogenidgas in eine Reaktionszone, die
Substrate mit Silicium- und/oder Po- lysiliciumoberflachen aufweist, wobei
die Reaktionstemperatur im Bereich von 700 bis 10000C und der
Reaktionsdruck im Bereich von 67 bis 200 Pa liegen. 2. Verfahren nach
Anspruch 1, wobel die Reaktionstemperatur im Bereich von 750 bis 8500C
liegt. 3. Verfahren nach Anspruch 1, wobei das Titanhalogenidgas ein
Tiantetrahalogenidgas ist. 45     4. Verfahren nach Anspruch 3, wobei das
TitantetrahalogenidgasTitantetrachlorid ist. 5. Verfahren nach Anspruch 1,
in Abwesenheit nachfolgender Temperstufen. 6. Verfahren nach Anspruch 1,
wobei das Titanhalogenid in der gasf6rmigen Reaktionsmischung in ei- ner
Konzentration von mindestens 1:50 vorliegL 7. Verfahren nach Anspruch 1,
wobei Stickstoff vorliegen kann und die Verhaltnisse der Stromungs- so
raten von Tttanhalogenid : Stickstoff : Wasserstoff im Bereich von 5!0:500
sorm bis 20:1000-2000 sorm Iiegen. 8. Verfahren zur Herstellung einer
Halbleitervorrichtung (10), umfassend eine Schicht geringer Re- sistivitAt
aus Titansilizid (24, 26), die selektiv Ober einem Bereich aus Silicium
(16, 20) liegt, umfassend die Stufen 55   Vorsehen eines
Einkristallsiliciumsubstrats (12), Bilden von Bereichen eines
polykristallinen Siliciumma- terials (20), Bilden von Bereichen aus einem
Siliciumoxidmaterial (14) in der Nachbarschaft des polykristallinen Silici-
ummaterials (20) und Bilden einer Ttansilizidschicht (24, 26) selektiv auf
dem Einkristall (16) und polykristallinem Silici- 60   um(20)material
mittels chemischer Dampfabscheidung unter Niederdruck (LPCVD), wobel die
Verbesse- rung umfaBt das Umsetzen eines gasfOrmigen Titanhalogenids mit
dem Einkristall (16) und polykristallinem 



Silicium(20)material bei einer Temperatur im Bereich von 750 bis 850*C und
einem Druck im Bereich von 67 bis 200 Pa in Gegenwart eines
stochiometrischen Oberschusses an Wasserstoff bezOglich dem Ti-
tanhalogenidgas und in Abwesenheit eines Silicium tragenden Gases, um die
Titansilizidschicht zu bilden, 65  in Abwesenheit nachfolgender
Temperstufen und Atzstufen fOr unreagiertes Titan. 5 *'MM    EP 0 212 266
Bt , 1      1111111 111111    liii  liii 9. Verfahren nach Anspruch 8,
wobel Stickstoff vorliegen kann und das Verhaltnis der Stromungsra- ten von
lltanhalogenid : Stickstolf: Wasserstoff im Bereich von 5:0:500 bis
20:1000:2000 sccm llegt 10. Verfahren nach Anspruch 8, wobel das
Titanhalogenidgas ein Titantetrahalogenidgas lst. 5   Revendications 1. Un
proced6 pour former de fagon s6lective du siliciure de tUtane (24, 26) sur
des surfaces de sill- cium (16) etou de polysiliclum (20) en labsence des
6tapes subsequentes de gravure du titane n'ayant pas r6agi via Is proced6
de d6pot de vapeur chimique a basse pression (LPCVD) comprenant l'introduc-
10  tion, en l'absence d'un gaz contenant du silicium, d'un halogenure de
titane gazeux et d'un exces stoe- chiometrique d'hydrogbne par rapport A
l'halog6nure de titans gazeux dans une zone de r6action ayant des substrate
avec des surfaces en silicium et/ou en polysilicium, solon loquel la
temperature de r6ac- tion est comprise dans l'intervalle de 700 & 1 00000
et la pression de reaction est comprise entre 67 et 200 Pa. 1s     2. Le
procede selon la revendication 1, solon lequel la tempbrature de reaction
est comprise dans 1Mn- tervalle de 750 A 8500C. 3. Le proced6 salon la
revendication 1, selon lequel I'halog6nure de titane gazeux est un
t6trahalog6nu- re de titane gazeux. 4. Le proc6de solon la revendication 3,
selon lequel l'halog6nure de titane gazeux est le tetrachlorure 20   de
titane. 5. Le procede solon la revendication 1 en I'absence des etapes
subsequentes de recuit. 6. Le procede selon la revendication 1, solon
Isquol l'halogenure de titane est present dans le m6lange gazeux de
r6action a une concentration d'au moins 1:50. 7. Le procede solon la
revendication 1, selon lequel l'azote pout etre present et les rapports de
debits 25 d'ecoulement d'halogenure de titans : azote : hydrogene sont
compris dans l'intervalle de 5:0:500 sorm A 20:1000:2000 somrn. 8. Un
procede de production d'un dispositif a somiconducteur (10) comprenant une
couche A faible r6- sistivite de siliclure de titans (24, 26) recouvrant
selectivement une region de silicium (16, 20) compre- nant les etapes de 30
foumiture d'un substrat de silicium monocristallin (12), formation de
regions d'un materiau de silicium polycristallin (20), formation de regions
d'un materiau doxyde de silicium (14) au voisinage du mat6riau de silicium
polycris- tallin (20) et formation d'une couche de siliciure de titans (24,
26) s6lectivement sur le monocristal (16) et sur Io mate- 35  riau de
silicium polycristallin (20) via le proced6 de d6p6t de vapeur chimique A
basso pression (LPCVD), le perfectionnement comprennant la r6action d'un
halogenure de titans gazeux avec le monocristal (16) et le materiau de
silicium polycristallin (20) a une temperature comprise dans l'intervalle
de 750 A 8500C et A une pression comprise dans rintervalle de 67 a 200 Pa
en pr6sence d'un exces stoechiom6trique d'hy- drogene par rapport audit
halog6nure de titans gazeux at en l'absence d'un gaz contenant du silicium
40   pour former la couche de siliciure de titans, en l'absence des btapes
subsequentes de recuit et de gra- vure du titane nayant pas reagi. 9. Le
procMd6 selon la revendication 8, solon lequel I'azote peut etre present
dans le rapport de debits d'6coulement d'halog6nure de titans : azote :
hydrogene compris dans l'intervalle de 5:0:500 a 20:1000.2000 soorn. 45
10. Le procede solon la revendication 8, solon lequel l'halogenure de
titane gazeux est un thtrahalog&- nure de titans. 50 55 s0 65 6    


