
EP 0 328 970 B1 Description This invention generally relates to the
deposition of metal layers on a substrate and more particularly to CVD
methods for selectively converting silicon to tungsten and to MOS
semiconductor devices formed thereby. In the manufacture of semiconductor
devices there is a continuing desire to increase device density on the
semiconductor chips in order to increase the resulting operating speeds of
the device. The tight packing of devices on the chips places a premium on
manufacturing techniques to meet the high standards of reliability
necessary for such devices. In the manufacture of MOS devices, there has
been considerable 10  investigation of the deposition of refractory metals,
such as tungsten and molybdenum. Refractory metals have excellent diffusion
barrier properties and low contact resistance with silicon. Presently,
selective deposition of tungsten is performed by silicon and hydrogen
reduction of tungsten hexafluoride gas. It is well known that tungsten may
be deposited by only silicon reduction of tungsten hexafluoride according
to the following equation: 15 [err] + 3Si-2W  + 3SiFs t The prior art has
taught, however, that silicon reduction is self-limiting and results in
encroachment problems. The addition of hydrogen reduction is used to
deposit tungsten in the desired thickness. The 20  hydrogen reduction
method, however, also results in severe encroachment problems. In addition,
the selectivity in depositing tungsten strictly depends on the
predeposition condition of the wafer, deposition chamber design, vacuum
capability, the method of heating the substrate, and elaborate bake and
purge cycles. Poor reproduceability, slow growth rates at turret
temperatures below 400 [err] C. (less than 10 nm per minute), and
selectivity breakdown are the major drawbacks of this process. In addition,
HF liberated in the 25  hydrogen reduction process etches recess oxide
isolation areas of the devices, resulting in penetration of tungsten
hexafluoride along the oxide edges. Also, the density of exposed silicon
determines the selectivity, therefore reducing the selectivity of the
process. Several prior art methods have been suggested to overcome the
above problems in tungsten deposition. In US-A-4 751 101 = EP-A-288754, the
substrate, after being exposed to WFs gas to convert a 30  limited
thickness of silicon, a subsequent layer of silicon is deposited using a
plasma deposition and the wafer is then again exposed to the [err] gas.
These steps are repeated until the desired thickness of silicon is
converted to tungsten. In US-A-4 595 608, the substrate is periodically
removed from the CVD deposition environment and moisture is applied to the
areas on which tungsten is not to be deposited. The substrate is then
redisposed in the CVD environment. The process uses tungsten and hydrogen
reduction. 35     The present invention is directed to a method for
depositing a non-self-limiting layer of tungsten on a semiconductor
substrate comprising providing at least one area of silicon material
essentially free of SiO2 having a predetermined thickness on a substrate
exposing said at least one area of silicon material to a gas flow
consisting essentially of tungsten hexafluoridein a chemical vapor
deposition (CVD) environment defined by CVD process parameters to convert a
layer of said silicon material to tungsten, said layer 40  becoming
increasingly thick as the conversion proceeds; and adjusting one or more of
said tungsten hexafluoride gas flow and said CVD process parameters
including adjusting the temperature in the range of 300-500 [err]C
adjusting the total pressure between 266.6 and 2666.4 [err]bar, adjusting
the partial pressure of the tungsten hexafluoride gas in the range of 26.67
- 1066.6 [err]bar and adjusting the inert carrier gas flow rate between 50
and 100 SCCM such that the conversion of the silicon material is not
limited by the 45  increasing thickness of said tungsten layer. The method
can be utilized to make semiconductor devices and metal interconnects
between chip layers and may be utilized for planarization of via holes used
for multi-level interconnects. In a novel semiconductor structure utilizing
the inventive process, the source, drain and gate silicon is converted to
tungsten in one step. The tungsten gate has a midgap work function and low
resistivity making the device 50  particularly useful for sub-half micron
MOS devices. In accordance with the method of making a semiconductor
device, the substrate of silicon material is provided having a surface
defining drain and source regions and a silicon gate having top, bottom and
sidewalls of an insulator layer material disposed on the substrate surface
adjacent the drain and source regions. In addition, recessed isolation
regions are disposed adjacent the source and drain regions spaced 55  from
the silicon gate. The use of polysilicon for the gate material is well
known, however, the present invention may also utilize single crystalline
silicon or amorphous silicon. Silicon is selectively deposited on the
source and drain regions by any suitable method, such as selective
epitaxial growth. The top insulator 



layer of the gate is then removed by RIE or a wet etch process. 3
EP0328970B1 Thereafter, the substrate is exposed to the tungsten
hexafluoride gas flow in a chemical vapor deposition environment and the
gas flow rate and the CVD process parameters are adjusted to convert the
silicon gate and the source and drain silicon to tungsten, up to the entire
thickness of the silicon material if desired. In one embodiment, sidewall
spacers of insulator material are selectively deposited on the source 5
and drain silicon layers prior to exposing the substrate to the CVD
process. The thickness of the silicon on the source and drain regions
should be substantially the same as the thickness of the silicon gate if a
midgap gate work function is desired. The height differential between the
source, drain and gate silicon material would result only from the gate
oxide layer between the gate and the substrate. Thus, upon conversion of
the entire thickness of the source-drain silicon regions, all of the
silicon l0  gate will be converted. Alternatively, the source and drain
silicon may be grown to a thickness less than the thickness of the silicon
gate. In this embodiment, only part of the silicon gate will be converted
to tungsten upon conversion of the entire source and drain regions. The
process of the present invention permits semiconductor devices to be made
without the prior art 15  problems of encroachment and bridging. By
avoiding the use of hydrogen in the reduction process, the problem of
etching the recessed oxide isolation regions is also eliminated. The
process is easily implemented in standard CVD process systems. Figs.1 -6
are cross-sectional representations of a MOS wafer showing sequentially the
major fabrica- tion steps employed in implementing the present invention.
20    Fig. 7     is a graph showing the relationship between the tungsten
thickness and the total pressure of the CVD environment. Fig. 8    is a
graph showing the relationship between the tungsten thickness and the total
carrier gas flow rate. Fig. 9    is a graph showing the relationship
between the tungsten thickness and the temperature of 25              the
CVD environment. Fig. 10    is a graph showing the relationship between the
tungsten thickness and the deposition time. Fig. 11    is a photograph of
the conversion of a multi-level interconnect via to tungsten. Referring now
to the drawings, Fig. 1 shows a silicon wafer after gate delineation using
standard CMOS fabrication processes. The wafer includes a silicon substrate
12 and source and drain regions 14 and 18. 30  The silicon substrate is
shown having p-conductivity and the source and drain regions having n +
conductivity. However, a p + source and drain and n substrate may also be
utilized. The wafer also includes recessed isolation regions 18 and 20
which may be formed with silicon oxide or silicon nitride. Gate region 22
includes a gate oxide layer 24 and a silicon gate layer 26. The gate region
22 also includes sidewalls 27 and 28 and top wall 30 made of an insulator
material such as [err] or [err]. The silicon used for the 35  substrate 12
and the gate layer 26 may be any of the silicon structures of single
crystal silicon, polycrystalline silicon or amorphous silicon. In the
preferred embodiment, substrate 12 is single crystal silicon and the gate
layer 26 is polycrystalline silicon. Typically, the gate oxide region 24 is
about 12.5 nm thick. The gate silicon is about 400 nm thick and the
sidewall and spacers are about 150 nm wide. The top wall layer is typically
about 20 nm thick. The above dimensions are provided for example only as
any 40  suitable configuration may be used in the inventive process. As
shown in Fig. 2, source and drain silicon layers 32 and 34 are grown onto
source and drain regions 14 and 16. The source and drain silicon regions 32
and 34 are preferably selectively epitaxially grown, however, they may be
grown by any known manner. As shown in Fig. 3, a blanket layer 36 of
insulator material, such as [err] or [err], is deposited over the entire
substrate. 45     The blanket layer 36 is then selectively etched by, for
example, reactive ion etching in order to leave sidewall spacers 38 for the
silicon source and drain layers 32 and 34 as shown in Fig. 4. The top
insulator layer 30 is then removed by RIE or chemical wet etch to leave the
structure shown in Fig. 5. The structure is then exposed to a tungsten
hexafluoride gas flow in a chemical vapor deposition environment in order
to convert the silicon areas 26, 32 and 34 to tungsten. As shown in Fig. 6,
regions 26, so  32 and 34 are completely converted to tungsten. 



The total conversion of regions 26, 32 and 34 may be accomplished when the
thicknesses of each of the regions are substantially the same. The
resulting device, having a height differential between the source-drain and
the gate defined only by the gate oxide layer has been determined to
exhibit a midgap gate work function. The midgap work function results in
desired threshold voltages of  .6V, without the 55  need for channel
implants into n or p-channel devices. This avoids the inferior
buried-channel operation of PMOS and at the same time yields a higher
mobility and transconductance for NMOS. However, it may be desirable to
convert only a portion of the gate silicon to tungsten. In this embodiment,
the thickness of the silicon deposited on the source and drain regions is
less than the gate 4    EP 0 328 970 B1 silicon. The conversion process is
then performed so as to convert the entire source and drain silicon regions
to tungsten and a corresponding thickness of the gate silicon. An example
of the embodiment is shown in phantom in Fig. 6, where it can be seen that
the silicon portion 40 is not converted. The process for converting the
selected silicon areas on the substrate utilizes silicon reduction of a 5
tungsten hexafluoride gas. It is well known that silicon may be reduced to
tungsten in accordance with the following equation: [err] + 3Si-2W + [err]
(1) 10 Tungsten has been shown to be especially useful for metallization of
contacts because of its barrier properties and low contact resistance with
silicon. In the present invention, the source, drain and gate are
metallized with tungsten in a single step. The tungsten gate provides a
midgap work function of approximately 4.8 eV. The inventor has determined
that by adjusting one or more of the tungsten hexafluoride gas flow rate 15
and other CVD process parameters such as temperature, total pressure,
partial pressure of the [err] gas and the carrier gas flow rate, that the
silicon reduction of tungsten is not self limiting as shown in the prior
art. Thus, the total thickness of the gate, source and drain silicon layers
can be converted to tungsten in a single step. Reference is now made to the
graph of Fig. 7 showing the total pressure in [err]bar versus the thickness
20  of silicon converted to tungsten in nanometers. The pressure and
thickness data was taken in an example in which the [err] flow rate was 15
SCCM and the carrier gas flow rate was 100 SCCM. The CVD environment
temperature was 370 [err]C and the deposition time was five minutes. The
graph of Fig. 7 shows that as the total pressure is increased, the
thickness of the tungsten also increased. It has been found that the
suitable range of total pressure is between 266.6 (200 mT) and 2666.4
[err]bar (2,000 mT). 25     Fig. 8 shows the relationship between the
carrier gas flow rate in SCCM and the tungsten thickness in nanometers. In
this example the [err] flow rate was 15 SCCM, the total pressure was 266.6
[err]bar (200 mT), the deposition time was five minutes and the temperature
was 370[err] C. The graph of Fig. 8 shows that as the flow rate increased
the thickness decreased. The range of carrier gas flow rate is, therefore,
between 50 and 100 SCCM. Fig. 9 shows the relationship between the
temperature in degrees centigrade and the 30 tungsten thickness. In this
example, the WF6 flow rate was 15 SCCM, the carrier gas was 100 SCCM, the
pressure was 266.6 [err]bar (200 mT) and deposition time was five minutes.
The graph of Fig. 9 shows that the temperature range is between 300 or 500
C. Fig. 10 shows the relationship between the deposition time in minutes
and the tungsten thickness. In this example, the [err] flow rate was 15
SCCM, the carrier gas flow rate was 100 SCCM, the pressure was 266.6
[err]bar (200 mT) and temperature was 370[err] C. As can 35 be seen, as the
time increased the thickness of the tungsten also increased. Also shown in
Fig. 10 are tests taken with the temperature below 300 [err]C. and at
550[err]C., which show that the thickness failed to increase upon increase
of the deposition time. The [err] flow rate has been determined to be
within the range of 10 to 40 SCCM with the preferred range being between 15
and 30 SCCM. The partial pressure of the tungsten hexafluoride gas may be
determined in accordance with the 40 following formula: [err] As can be
seen in equation (3), the partial pressure is a function of the total
pressure of the CVD so environment and the tungsten hexafluoride and
carrier gas, such as helium or argon, flow rates. By calculation in
accordance with equation (3), it can be determined that the partial
pressure of the [err] gas is preferably within the range of 26.67 [err]bar
to 1066.6 [err]bar (20 mT to 800 mT). 



Thus, it has been shown that the tungsten thickness is the function of
total pressure of tungsten hexafluoride gas flow. In addition, the tungsten
thickness is also a function of the carrier gas flow rate, the 55
temperature and the deposition time. Hence, it can be seen that by
adjusting the partial pressure of the WF6 gas, the thickness of the silicon
converted to tungsten can be controlled so that part or all of the silicon
source, drain and gate layers can be converted to tungsten.    EP 0 328 970
B1 After the conversion to tungsten, the structure can be annealed in
forming gas or pure hydrogen below 900 [err] C for shallow junctions to
reduce fluorine and oxygen in the film. After this step, routine oxide
deposition and Al-Cu-Si metallization is performed for adding the ohmic
contacts. For deep junctions, annealing can be performed above 1,000[err]C.
Very little tungsten silicide is 5  formed at these high temperatures. A
possible reason for this is the incorporation of oxygen in the film which
prevents silicide formation. Since epi-silicon is deposited on Si (100) the
silicon consumption can be kept as low as- possible, to reduce the contact
resistance. The variation in sheet resistance is less than 5- 6%. The
process of the present invention has excellent reproduceability. The growth
rate is approximately 100 to 200 nm per minute which is two orders of
magnitude higher than the hydrogen reduction method for 10 the same
temperature. The resulting structure has a unique grain size of less than
10 nm. The method of the present invention is also applicable to the
planarization of vias for multi-level metal interconnects. The vias in a
silicon oxide layer would first be filled with polysilicon and then exposed
to the silicon reduction method of the present invention. The entire
thickness of the vias can easily be converted to tungsten in a one step
process. Fig. 11 is a photograph of a multi-level interconnect having [err]
levels is 42 and 44 and an interconnect via 46. The via 46 was first filled
with polysilicon and then converted to tungsten in accordance with the
inventive process described above. The photograph shows that the entire via
was converted to tungsten. The method of the present invention makes it
possible to easily convert source, drain and gate polysilicon to tungsten
in one step without the prior art problems of encroachment or bridging. The
resulting 20 midgap gate semiconductor structure can be used for sub-half
micron MOS devices. There is minimal differential height between the
metallized source and drain. This topography simplifies the planarization
of passivation layers. The process is 100% selective, thermally stable and
results in low contact and sheet resistance for the structure. The process
is reproduceable with a high growth rate of tungsten metallization for
shallow junctions. By adjusting the process parameters, any desired
thickness of silicon can be 25 converted to tungsten utilizing a standard
LPCVD cold wall reactor. Claims 1. A method of deposition a
non-self-limiting layer of tungsten on a semiconductor substrate comprising
30     providing at least one area of silicon material essentially free of
[err] having a predetermined thickness on a substrate exposing said at
least one area of silicon material to a gas flow consisting essentially of
tungsten hexafluoridein a chemical vapor deposition (CVD) environment
defined by CVD process parameters to convert a layer of said silicon
material to tungsten, said layer becoming increasingly thick as the 35
conversion proceeds; and adjusting one or more of said tungsten
hexafluoride gas flow and said CVD process parameters including adjusting
the temperature in the range of 300-500 C, adjusting the total pressure
between 266.6 and 2666.4 [err]bar, adjusting the partial pressure of the
tungsten hexafluoride gas in the range of 26.67 - 1066.6 [err]bar and
adjusting the inert carrier gas flow rate between 50 and 100 SCCM such that
40     the conversion of the silicon material is not limited by the
increasing thickness of said tungsten layer. 2. Method of claim 1 wherein
said predetermined thickness is greater than the critical thickness of
about 20 nm. 45  3. Method of claim 1 wherein the [err] gas flow rate is
between 10-40 SCCM. 4. Method of claim 1 wherein the at least one area of
silicon is selected from the group of single crystal silicon,
polycrystalline silicon and amorphous silicon. so  5. Method of making a
semiconductor device, comprising: providing a substrate of silicon having
surface defining drain and source regions, a silicon gate of a first
predetermined thickness having top, bottom and sidewalls of an insulator
material disposed on said substrate surface adjacent said drain and source
regions and recessed isolation regions disposed 



adjacent said source and drain regions spaced from that silicon gate; 55
selectively depositing source and drain silicon of a second predetermined
thickness on said source and drain regions respectively; removing said
insulator material top wall from said silicon gate such that the remaining
surface is essentially free of [err] 6    EP 0 328 970 B1 After the
conversion to tungsten, the structure can be annealed in forming gas or
pure hydrogen below 900 [err]C for shallow junctions to reduce fluorine and
oxygen in the film. After this step, routine oxide deposition and Al-Cu-Si
metallization is performed for adding the ohmic contacts. For deep
junctions, annealing can be performed above 1,000 C. Very little tungsten
silicide is 5  formed at these high temperatures. A possible reason for
this is the incorporation of oxygen in the film which prevents silicide
formation. Since epi-silicon is deposited on Si (100) the silicon
consumption can be kept as low as possible, to reduce the contact
resistance. The variation in sheet resistance is less than 5- 6%. The
process of the present invention has excellent reproduceability. The growth
rate is approximately 100 to 200 nm per minute which is two orders of
magnitude higher than the hydrogen reduction method for io  the same
temperature. The resulting structure has a unique grain size of less than
10 nm. The method of the present invention is also applicable to the
planarization of vias for multi-level metal interconnects. The vias in a
silicon oxide layer would first be filled with polysilicon and then exposed
to the silicon reduction method of the present invention. The entire
thickness of the vias can easily be converted to tungsten in a one step
process. Fig. 11 is a photograph of a multi-level interconnect having SiO2
levels 15  42 and 44 and an interconnect via 46. The via 46 was first
filled with polysilicon and then converted to tungsten in accordance with
the inventive process described above. The photograph shows that the entire
via was converted to tungsten. The method of the present invention makes it
possible to easily convert source, drain and gate polysilicon to tungsten
in one step without the prior art problems of encroachment or bridging. The
resulting 20  midgap gate semiconductor structure can be used for sub-half
micron MOS devices. There is minimal differential height between the
metallized source and drain. This topography simplifies the planarization
of passivation layers. The process is 100% selective, thermally stable and
results in low contact and sheet resistance for the structure. The process
is reproduceable with a high growth rate of tungsten metallization for
shallow junctions. By adjusting the process parameters, any desired
thickness of silicon can be 25  converted to tungsten utilizing a standard
LPCVD cold wall reactor. Claims 1. A method of deposition a
non-self-limiting layer of tungsten on a semiconductor substrate comprising
30     providing at least one area of silicon material essentially free of
[err] having a predetermined thickness on a substrate exposing said at
least one area of silicon material to a gas flow consisting essentially of
tungsten hexafluoridein a chemical vapor deposition (CVD) environment
defined by CVD process parameters to convert a layer of said silicon
material to tungsten, said layer becoming increasingly thick as the 35
conversion proceeds; and adjusting one or more of said tungsten
hexafluoride gas flow and said CVD process parameters including adjusting
the temperature in the range of 300-500[err] C, adjusting the total
pressure between 266.6 and 2666.4 [err]bar, adjusting the partial pressure
of the tungsten hexafluoride gas in the range of 26.67 - 1066.6 [err]bar
and adjusting the inert carrier gas flow rate between 50 and 100 SCCM such
that 40     the conversion of the silicon material is not limited by the
increasing thickness of said tungsten layer. 2. Method of claim 1 wherein
said predetermined thickness is greater than the critical thickness of
about 20 nm. 45  3. Method of claim 1 wherein the [err] gas flow rate is
between 10-40 SCCM. 4. Method of claim 1 wherein the at least one area of
silicon is selected from the group of single crystal silicon,
polycrystalline silicon and amorphous silicon. 50  5. Method of making a
semiconductor device, comprising: providing a substrate of silicon having
surface defining drain and source regions, a silicon gate of a first
predetermined thickness having top, bottom and sidewalls of an insulator
material disposed on said 



substrate surface adjacent said drain and source regions and recessed
isolation regions disposed adjacent said source and drain regions spaced
from that silicon gate; 55     selectively depositing source and drain
silicon of a second predetermined thickness on said source and drain
regions respectively; removing said insulator material top wall from said
silicon gate such that the remaining surface is essentially free of SiO2; 6
EP 0 328 970 B1 exposing said substrate to gas flow consisting of a
tungsten hexafluoride in a chemical vapor deposition environment defined by
CVD process parameters; and adjusting one or more of said tungsten
hexafluoride gas flow rate and said CVD process parameters including
adjusting the temperature in the range of 300-500 C, adjusting the total
pressure between 5      266.6 and 2666.4 [err]bar, adjusting the partial
pressure of the tungsten hexafluoride gas in the range of 26.67 - 1066.6
[err]bar and adjusting the inert carrier gas flow rate between 50 and 100
SCCM to convert said silicon gate and said source and drain silicon to
tungsten up to said first and second predeter- mined thickness. 10  6.
Method of claim 5 wherein said substrate is single crystal silicon and said
silicon gate and said source and drain silicon layers are polycrystalline
silicon. 7. Method of claim 5 or 6 further including the steps of
selectively depositing spacers of insulator material in the interface areas
between the isolation regions and the source and drain silicon layers and
between 15     the silicon gate and the source and drain silicon layers
prior to exposing the substrate to tungsten hexafluoride gas flow. 8.
Method of any one of claims 5 to 7 wherein said insulator material and said
isolation regions are selected from the group of [err] and [err]. 20 9.
Method of claim 7 or 8 wherein the insulator spacers are selectively
deposited by depositing a blanket layer of insulator material over the
entire substrate, and etching said blanket layer while leaving a portion of
said insulator layer in said interface areas. 25  10. Method of any one of
claims 5 to 9 wherein the first and second predetermined thicknesses are
substantially the same or the second predetermined thickness is less than
the first predetermined thickness. 11. Method of claim 1 wherein the at
least one area of silicon material is provided by filling one or more 30
vias of said predetermined thickness in an oxide layer disposed on a
conducting substrate and whereby the silicon in the one or more vias is
converted to tungsten up to said predetermined thickness. 12. Metal oxide
semiconductor device comprising: a semiconductor layer of a first
conductivity type; 35     drain and source regions of a second conductivity
type formed in said semiconductor layer, said drain and source regions
being separated from each other; an oxide insulating layer formed on said
semiconductor layer between said source and drain regions; a refractory
metal gate layer formed on said oxide insulating layer according to anyone
of claims 1 to 4, said refractory metal gate layer having sidewall spacers
of an insulating material; 40     source and drain refractory metal layers
formed on said source and drain regions respectively, said source and drain
refractory metal layers having sidewall spacers of an insulating material;
and ohmic contacts formed on said source and drain refractory metal layers.
PatentansprUche 45 1. Verfahren zur Abscheidung einer sicht nicht
selbstbegrenzenden Wolframschicht auf einem Halbleiter- substrat, das
folgende Schritte umfaBt: Aufbringen von mindestens einer FlAche aus
Silicium-Material auf einem Substrat, die praktisch frei von SiO2 ist und
eine festgelegte Dicke hat; 50     Einbringen der mindestens einen Fl~che
aus Silicium-Material in einen hauptsachlich aus Wolframhexa- fluorid
bestehenden Gasstrom unter den durch die CVD-Verfahrensparameter
festgelegten Umgebungs- bedingungen einer chemischen Abscheidung aus der
Dampfphase (CVD), um eine Schicht des 



Silicium-Materials durch Wolfram zu ersetzen, wobei die Schicht mit
fortschreitendem Austausch an Dicke zunimmt; und 55     Einstellen eines
oder mehrerer Parameter far den Wolframhexafluorid-Gasstrom und der
CVD-Verfah- rensparameter einschlieBlich Einstellen der Temperatur im
Bereich zwischen 300 und 500 IC, Einstellen des Gesamtdrucks zwischen 266,6
und 2666,4 tLbar, Einstellen des Partialdrucks des Wolframhexafluo-
ridgases im Bereich 26,67 - 1066,6 iabar und Einstellen der
Stromungsgeschwindigkeit des inerten 7    EP 0 328 970 B1
I!lIII 11110  III III 111 * C   L   M   S i Tragergases zwischen 50 und 100
SCCM (Standardkubikzentimeter pro Minute), so daB sich der Austausch des
Silicium-Materials durch die zunehmende Dicke der Wolframschicht nicht
selbst be- grenzt. 5  2. Verfahren gemaB Anspruch 1, wobel die festgelegte
Dicke gr6fer als die kritische Dicke von etwa 20 nm ist. 3. Verfahren
gemIlB Anspruch 1, wobei die Strdmungsrate des WFs-Gases zwischen 10 und 40
SCCM (Standardkubikzentimeter pro Minute) liegt. 10 4. Verfahren gemaB
Anspruch 1, wobei die mindestens eine Siliciumfilache aus der Gruppe
bestehend aus einkristallinem Silicium, polykristallinem Silicium und
amorphem Silicium ausgewAhit wird. 5. Verfahren zum Herstellen eines
Halbleiterbausteins, das folgende Schritte umfaBt: 15     Herstellen eines
Substrats aus Silicium, das elne Drain- und Source-Bereiche bildende
Oberflache, ein Silicium-Gate mit einer ersten festgelegten Dicke und
oberen, unteren und Seitenwanden aus einem Isolatormaterial, das sich auf
der SubstratoberflAche neben den Source- und Drain-Bereichen befindet, und
ausgebuchtete Isolationsbereiche hat, die neben den Source- und
Drain-Bereichen liegen und einen Abstand zum Silicium-Gate besitzen; 20
selektives Abscheiden von Source- bzw. Drain-Silicium mit einer zweiten
festgelegten Dicke auf den Source- bzw. Drain-Bereichen; Entfernen der
oberen Wand aus Isolatormaterial vom Silicium-Gate auf eine Weise, daB die
verbleiben- de Oberfliche im wesentlichen frei von SiO2 ist; Einbringen des
Substrats in einen aus Wolframhexafluorid bestehenden Gasstrom in einer
durch CVD- 25     Verfahrensparameter festgelegten Umgebung flr eine
chemische Abscheidung aus der Dampfphase; und Einstellen eines oder
mehrerer Parameter fOr den Wolframhexafluorid-Gasstrom und der CVD-Verfah-
rensparameter einschliellich Einstellen der Temperatur im Bereich zwischen
300 und 500 I C, Einstellen des Gesamtdrucks zwischen 266,6 und 2666,4
ubar, Einstellen des Partialdrucks des Wolframhexafluo- 30     ridgases im
Bereich 26,67 - 1066,6 gibar und Einstellen der Stromungsgeschwindigkeit
des inerten Tragergases zwischen 50 und 100 SCCM (Standardkubikzentimeter
pro Minute), um das Silicium-Gate und das Source- und Drain-Silicium bis zu
der ersten und zweiten festgelegten Dicke durch Wolfram zu ersetzen. 35  6.
Verfahren gemaB Anspruch 5, wobei das Substrat aus einkristallinem Silicium
und das Silicium-Gate sowie die Source- und Drain-Bereiche aus
polykristallinem Silicium bestehen. 7. Verfahren gemlAi Anspruch 5 oder 6,
das ferner einen Schritt enthilt, durch den vor dem Einbringen des
Substrats in den Gasstrom aus Wolframhexafluorid Abstandsstfcke aus
Isolatormaterial selektiv 40     zwischen den Isolatorbereichen und den
Source- und Drain-Siliciumschichten und zwischen dem Silicium-Gate und den
Source- und Drain-Siliciumschichten abgeschieden werden. 8  Verfahren gemaB
einem der Ansprache 5 bis 7, wobel das Isolatormaterial und die
Isolatorbereiche aus der Gruppe bestehend aus SiO2 und SigN4 ausgewihit
werden. 45 9. Verfahren gemaB Anspruch 7 oder 8, wobei die
Isolator-Abstandsstfcke durch Abscheiden einer Deckschicht fber dem
gesamten Substrat und durch Atzen der Deckschicht unter Erhaltung eines
Teils der Isolatorschicht in den Zwischenbereichen selektiv abgeschieden
werden. 5o  10. Verfahren gemiB einem der AnsprUche 5 bis 9, wobei die
erste und zweite festgelegte Dicke praktisch gleich sind oder die zweite
festgelegte Dicke kleiner als die erste festgelegte Dicke ist. 



11. Verfahren gemWB Anspruch 1, wobei die mindestens eine Flache aus
Silicium-Material durch FUllen von einem oder mehreren Durchgangsl6chern
mit der festgelegten Dicke in einer auf einem leitenden 55     Substrat
befindlichen Oxidschicht hergestellt wird und wobei das Silicium in dem
einen oder in mehreren Durchgangsl6chern bis zu der festgelegten Dicke
durch Wolfram ersetzt wird. 8    12. Metalloxid-Halbleiterbaustein mit:
einer Halbleiterschicht eines ersten Leitungstyps; in der Halbleiterschicht
gebildeten Drain- und Source-Bereichen eines zweiten Leitungstyps, wobei
die Source- und Drain-Bereiche voneinander getrennt sind; 5      einer
Oxid-Isolationsschicht, die auf der Halbleiterschicht zwischen den Source-
und Drain-Bereichen gebildet wird; einer Gate-Schicht aus hochschmelzendem
Metall, die gemaB einem der Ansprfche 1 bis 4 auf der
Oxid-lsolationsschicht hergestellt wird, wobei die Gate-Schicht aus
hochschmelzendem Metall an den Seitenwanden AbstandsstUcke aus einem
Isolatormaterial besitzt; 10     Source- und Drain-Schichten aus
hochschmelzendem Metall, die auf den Source- bzw. Drain-Bereichen
hergestellt werden, wobei die Source- und Drain-Schichten aus
hochschmeizendem Metall an den Seitenwinden Abstandssticke aus einem
Isolatormaterial besitzen; und Ohmschen Kontakten, die auf den Source- und
Drain-Schichten aus hochschmeizendem Metall gebildet werden. 15
Revendlcatlons 1. Methode de ddp8t d'une couche non auto-limitative de
tungstbne sur un substrat semi-conducteur comprenant: 20        r6aliser au
moins une zone de materiau de silicium essentiellement exempte de SiO2
ayant une epaisseur predeterminee sur un substrat, exposer ladite au moins
une zone de materiau de silicium a un ecoulement gazeux consistant
essentiellement en hexafluorure de tungstbne dans un environnement de dep8t
en phase vapeur chimique (CVD) defini par des parambtres de procede CVD
pour convertir une couche dudit materiau 25     de silicium en tungstbne,
ladite couche devenant plus 6paisse au fur et & mesure de la conversion, et
ajuster un ou plusieurs dudit 6coulement gazeux d'hexafluorure de tungstbne
et desdits parametres du procedd CVD incluant l'ajustement de la
temperature dans la gamme 300-500 1 C, l'ajustement de la pression totale
entre 266,6 et 2666,4 ubar, l'ajustement de la pression partielle du gaz
hexafluorure de tungstbne dans la gamme de 26.67 - 1066,6 ubar et
l'ajustement de la vitesse de l'ecoulement du gaz 30     porteur inerte
entre 50 et 100 SCCM de telle sorte que la conversion du materiau de
silicium n'est pas limitee par l'epaisseur de ladite couche de tungstbne.
2. Methode selon la revendication 1, dans laquelle ladite 6paisseur
predeterminee est superieure a l'4paisseur critique d'environ 20 nm. 35 3.
Methode selon la revendication 1, dans laquelle la vitesse d'dcoulement du
gaz WFs est entre 10 et 40 SCCM. 4. M6thode selon la revendication 1, dans
laquelle ladite au moins une zone de silicium est selectionnde 40     dans
le groupe de silicium en cristal simple, silicium polycristallin et
silicium amorphe. 5. Methode de fabrication d'un dispositif semi-conducteur
comprenant: realiser un substrat de silicium ayant une surface definissant
des r~gions de drain et de source, une grille de silicium d'une premibre
6paisseur pred6termin6e ayant des parois superieure, infdrieure et 45
laterale en un materiau isolant dispose sur ladite surface du substrat
adjacente auxdites rdgions de drain et de source et des regions isolantes
dvidees dispos6es de fagon adjacente auxdites regions de source et de drain
espacees de la grille de silicium, deposer selectivement une source et un
drain en silicium d'une seconde epaisseur pr~ddtsrminde sur lesdites
regions de source et de drain respectivement, 80        retirer ladite
paroi superieure en mat6riau isolant de ladite grille de silicium de telle
sorte que la surface restante soit essentiellement exempte de SiO2, exposer
ledit substrat & un ecoulement gazeux consistant en hexafluorure de
tungstbne dans un 



environnement en phase vapeur chimique defini par des parambtres CVD, et
ajuster un ou plusieurs dudit ecoulement gazeux d'hexafluorure de tungstbne
et desdits parambtres 55     du proced6 CVD incluant l'ajustement de la
temperature dans la gamme 300-500 * C, I'ajustement de la pression totale
entre 266,6 et 266,4 uibar, l'ajustement de la pression partielle du gaz
hexafluorure de tungstbne dans la gamme de 26.67 - 1066,6 ubar et
l'ajustement de la vitesse de l'ecoulement du gaz porteur inerte entre 50
et 100 SCCM de fagon a convertir ladite grille et lesdits source et drain
de 9    C   L   z   ;> silicium on tungstene jusqu'auxdites prsmiere et
seconde dpaisseur preddtermindes. 6. Methode selon la revendication 5, dans
laquelle ledit substrat est en silicium en cristal simple et lesdites
couches de silicium de grille, source et drain sont en silicium
polycristallin. 6 7. Methode solon la revendication 5 ou 6, comprenant en
outre les ttapes de d poser s6lectivement des entretoises de materiau
isolant dans les zones d'interface entre les rdgions isolantes et les
couches de silicium de source et drain et entre la grille de silicium et
ies couches de silicium de source et drain avant d'exposer le substrat a
l'dcoulement gazeux d'hexafluorure. 10 8. Methode salon l'une quelconque
des revendications 5 A 7, dans laquelle ledit matdriau isolant et lesdites
r6gions isolantes sont choisis A partir du groupe de Si02 t Si13N4. 9.
M6thode salon la revendication 7 ou 8, dans laquelle les entretoises
isolantes sont faites sdlectivement 15     en ddposant une couche de
couverture de mat6riau isolant sur le substrat entier, et en gravant ladite
couche de couverture tout en laissant une portion de ladite couche isolante
dans lesdites zones et interface. 10. Mdthode solon I'une quelconque des
revendications 5 a 9, dans laquelle les premibre et seconde 20
dpaisseurs pr~ddtermin6es sont substantiellement les mOrnes, ou bien la
seconde 4paisseur pr6d~ter- min6e est inferieure A la premibre tpaisseur
pr~ddterminoe. 11. M6thode solon la revendication 1, dans laquelle ladite
au moins une zone de matlriau de silicium est rdalisee en remplissant un ou
plusieurs trous de connexion de ladite dpaisseur pr6ddtermin6e d'une 25
couche d'oxyde dispos6e sur un substrat conducteur et dans laquelle le
silicium dans le ou les trous de connexion est converti en tungstbne
jusqu'a ladite 4paisseur predeterminoe. 12. Dispositif semi-conductour
m6tal-oxyde comprenant: une couche semi-conductrice d'un premier type de
conductivite, so         des regions de drain et source d'un second type de
conductivitd form6es dans ladite couche semi- conductrice, lesdites regions
de drain et source dtant separees l'une de l'autre, une couche isolante
d'oxyde formee sur ladite couche semi-conductrice entre lesdites regions de
source et drain, une couche de grille en m6tal refractaire formeo sur
ladite couche isolante d'oxyde selon Pune 35     quelconque des
revendications 1 a 4, ladite couche de grille on metal refractaire ayant
des entretoises de paroi on mat6riau isolant, des couches de metal
r~fractaire de source et drain formees respectivement sur lesdites rdgions
de source et drain, lesdites couches de metal refractaire de source et
drain ayant des entretoises de paroi en materiau isolant, et 40         des
contacts ohmiques formes sur lesdites couches de mdtal refractaire de
source et drain. 45 50 56 10    


