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1 . A METHOD OF FORM NG A LOW STRESS BoRs-SSHE o DE
CONDUCTORS ON ‘A SEM CONDUCTOR CHI P BACKGROUND OF
THE | NVENTI ON FI ELD OF THE | NVENTI ON

‘Thi s: invention relates generally to the formation of conductive nmenbers for
sem conductor substrates and nore particularly to the formation of gate
conductors for field effect sem condulct or devices including polysilicon and

silicide |ayers.

A METHOD OF FORMING A LOW STRESS
SILICIDE CONDUCTORS ON A SEMICONDUCTOR CHIP

ACKGR E ION

FIELD OF THE INVENTION

This invention relates generally to the formation of conductive members for
semiconductor substrates and more particularly to the formation of gate conductors

for field effect semiconductor devices including polysilicon and silicide layers.

TION OF THE PRIOR ART

Semiconductor wafer processing generally includes not only the placing of
dopants into the body of the semiconductor wafer but also includes the deposition of
one or more fayers of different materials on the surface of the wafer. These layers may
be either insulating, conductive or semiconductive,

In the formation of multi-layered devices it has been found that a desired

- deposited or formed layer can be affected not only by abutting layers but can also be
affected by the process and apparatus used to form or deposit the desired layer.

As semiconductive devices made by such processes become smaller and more
complex any changes induced by either the apparatus or method used or the character’
of abutting layers become more acute and can have greater effects on the final device

characteristics than expected.



DESCRI PTI ON OF THE PRI OR ART Sem conduct or wafer processing
generally includes not only the placing of dopants into the body of the
sem conduct or wafer but al so includes the deposition of one or nore |ayers
of different materials on the surface of the wafer. These | ayers may be

ei ther insulating, conductive or sem conducti ve. In the formation of
multi-layered devices it has been found that a desired deposited or forned
| ayer can be affected not only by abutting | ayers but can al so be affected
by the process and apparatus used to form @ deposit the desired |ayer.

As sem conductive devices made by such processes becone smaller and nore
conpl ex any changes induced by either the apparatus or nethod used or the
character of abutting |ayers become nore acute and can have greater effects

on the final devi ceFoheramplein Complementary Metabdxede-Silicon (CMOS) Field Effect
Transistor (FET) device pairs the use of silicided polysilicon gates is preferred because -

the silicide reduces the sheet resistance of the doped polysilicon gate conductor thus
improving the speed at which the FET can be operated.

There are two, generally practiced, processes for forming these silicide layers.
The first is a self aligned silicide (salicide) process in which a silicon wafer is coated
with insulating oxide or nitride layers which are then patterned to expose or uncover
potions of the underlying silicon or polysilicon. Following this patterning step, a
silicide forming metal layer such as titanium or cobalt is deposited over entire wafer so
that portions of the deposited metal layer abut the exposed silicon. This metal layer is
then annealed, i.e., heated, to cause the formation of a silicide wherever silicon and the
metal come in contact. During the annealing process the silicon and the abutting metal
react to form a silicide, e. g., titanium silicide (TiSi,) or cobalt silicide (CoSi,) where x
is the ratio of silicon to refractory metal, usually in the range of 2 to 3.5. The regions
of the deposited metal layer overlying the insulating layer remains unreacted and after
the annealing is completed and the unreacted metal may be removed by well known
processes. -
The above described salicide process is limited to the types of metals that can
be used and further can produce only a limited thickness of silicide. These limitations
preclude the formation of silicides with the lowest possible sheet resistance. This
means that, when the silicide is used as the gate contacts, the final device speed, which
is related to the gate sheet resistance, is also limited. Furthermore, if this annealing

process is used to simultaneously form conductive lines on the wafer surface, the



2 For exanple, in Conplenentary Metal -Oxide-Silicon (CMOS) Field
Effect Transistor (FET) device pairs the use of silicided polysilicon
gates is preferred because the silicide reduces the sheet résistance of

t he doped polysilicon gate conductor thus inproving the speed at which the
FET can be operat ed. There are two, generally practiced, processes
for formng these silicide layers. The first is a self aligned silicide
(salicide) process in which a silicon wafer is coated wth insulating
oxide or nitride layers which are then pattzerned to expose or uncover
potions of the underlying silicon or polysilicon. Follow ng this patterning
step, a silicjgenhn ' thu ' s
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usual Iy in thetestiipostepsf which n thaby cakbeare egst@nshibitife, biecregaipaisi t ed nmetal | ayer
overlying the insulating |ayer remains unreacted and after _ the annealing

i s conpleted and t hEhasecandibiciding PEacessdy onRinveneh aelignn Wrfer is kpgem with a
polycrystalline silicon layer, cleaned with a vapor of hydrofluoric (HF) acid and coated

with a chemically vapor deposited or physically vapor deposited metal silicide layer.
Doping, usually phosphorus, is typically introduced into the polysilicon or silicide layer
followed by an anneal at about 900 degrees Centigrade to distribute and activate the
dopant.

Although this process produces a lower resistivity silicide, it also consists of
many discrefe steps, is expensive and also produces high defect densities as compared
to the first described process. Also, during subsequent, required processing steps, such
as oxidization and silicide transformation anneals, voids can be created in the
underlying phosphorous doped polycrystalline layer. Further, if the HF acid oxide
removal step allows any oxides to remain on the underlying polysilicon surface, the
formed metal silicide layer will not adhere well to the polysilicon surface and will allow
the silicide to lift off the surface of the underlying polysilicon layer during subsequmt
processing steps. Both of these effects have significant impact on device yield resulting
in increased device cost.

It is thus highly desirable to have a process in which the all the above described

limitations of the prior art processes are eliminated.



processes: The above described salicide process is limted to the
types of metals that can be used and further can produce only a |lim.ted...-
t hi ckness of silicide. These limtations preclude the formation of

silicides with the | owest possible speet-+.esistance. Timhis Sheh Higs B Re @ﬁﬁ

the silicide is used as the gate cdntaetS{EiT g Bpay | devi | his

related to the gate sheet resistange, isRapg@;Ebi mte@. Fulr this
£ H e

anneal i ng process is used to simultaneousty—fe+m-conducti ines on the

waf er surface, the 4 _ _ o
3 m ni rum wi dth of the separation between such lines is [imted to that

width which will not be bridge ﬁﬁirﬁ%‘i’in | acent silicides.
Any such bridging that does

The present invention is directed to a process for forming polysilicon gate
conductors in which the thickness limitations and hence the sheet resistance limitations
of the prior art processes are significantly reduced or eliminated.

Further, the present invention permits the use of different low resistance metals
which when silicided result in gate contacts with a sheet resistance hitherto
unattainable.

The present invention is directed towards a process for forming a conductive
area on the surface of a semiconductor which conductive area has a sheet resistance
lower than and higher thermal stability than that of titanium silicide or cobalt silicide.

The present invention is further directed towards a process for forming a
conductive area on the surface of a semiconductor which conductive area is
substantially stress free.

Still further the process of the present invention results in the formation of a
conductive layer of silicide in which the percentage of the selected metal remains
substantially uniform over its entire thickness at about 33 percent of the total content
of the silicide layer and the silicon content thereof remains at about 67 percent.

The present invention achieves these desirable ends by overcoating a doped
polycrystalline layer with an undoped polycrystalline layer and forming the silicide
thereon in a non-oxidizing environment.

The present invention broadly comprises a method of forming a conductive
area on the surface of a semiconductor substrate comprising the steps of: placing a

semiconductor substrate within a deposition chamber and depositing thereon a doped



occur wiI'l cause short ‘circuits between the bridged lines. Al though such
bridging may be |later renovable by laser trinmm ng, added additi onal

i nspection, processing and testing steps, which in many casés ‘are cost
prohibitive, are required. The second siliciding process is one in
which a silicon wafer is coated with a polycrystalline silicon layer,

" cleaned with a vapor of hydrofluoric (HF) acid and coated wth a

chem cal ly vapor deposited or physically vapor deposited netal silicide

| ayer. Doping, usually phosphorus, is typically introduced into the
polysilicon or silicide layer followed by an anneal at about 900 degr ees
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processi ng st elpéoxweg!w@ﬂvca@taélmedmeau on and silicide transformation anneal s,
voi ds can be created in the underlying phosphorous doped pol ycrystalline

| ayer. Further, if the HF acid oxide renoval step allows any oxides to

remai n on the underlying p@RIEFIDESCREITOANOF THEDRAWRNGSEt al silicide
| ayer will not adhere well to the polysilicon surface and will allow the
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limtations of the prior art processes are elimnated
with the present invention showing the various layers present
Fig. 2 depicts schematically, in cross-section, a simple multi-chambered tool
used in the present process with the wafer being processed in a first chamber.
F1g 3 depicts schematically the chambered tool shown in Fig. 2 with the wafer

being processed in a second chamber.

Fig. 1 illustrates, in cross-section, a typical silicided polysilicon structure for a
field effect transistor fabricated on the surface of a semiconductor substrate 12 in
accordance with the present invention. |

Broadly described, the process of fabricating this silicided polysilicon structure
requires, in accordance with the present invention, selecting a partially processed
semiconductor substrate 12 and depositing on its upper surface a polycrystalline
silicon layer 14 doped with phosphorus atoms. Over this doped polycrystalline silicon
layer 14 an undoped polycrystalline silicon layer 16 is deposited. ‘A silicide layer 17 is



4 : _ SUWMMARY OF THE | NVENTI ON The present

I nvention is directed to a process for formng a polysilicon gate
conductors in which the thickness limtations and hence the shéet
resistance limtations of the prior art processes are significantly
reduced or elim nated. According to one aspect of the present

i nvention there is disclosed a nethod of formng a conductive |ayer on the
surface of a sem conductor substrate conprising the steps of: (a)
provi di ng a deposition environment includigg a tool having a plurality of
adj acent deposition chanbers; (b) placing a sem conductor substrate within

a first formed on the surface of the undoped polycrystalline layer 16 as will be described
below. The underlying substrate can include FET gate dielectric, exposed crystalline
silicon, or field dielectric layers upon which it is desired to form a silicided polysilicon
interconnect layer.

After the formation of the silicide layer 17, it and the underlying layers are
etched to form a desired configuration of the conductor on the substrate surface. In
Fig. 1 the desired configuration is illustrated by a plurality of islands 18 separated by
etched channels 19. It should be understood that the configuration can be formed into
conductive lines, FET gates, single crystal regions or other necessary elements as is
well known to the art.

Preferably, the process of the present invention is performed in a so called
clustered multi-chambered deposition tool, such as an Applied Materials Model 5200
Centura tool.' The tool consists of a plurality of processing chambers coupled to a
common central chamber in which different atmospheres can be maintained without
removing semiconductor wafers to be processed from the tool. Since this apparatus is
presently readily available in the marketplace and is a staple in commerce any further
or detailed description is not deemed necessary.

The process of the present invention will now be described as it would be
performed in the above described Applied Materials Centura 5200 deposition tool.

A simple schematic of such a tool is shown in Fig. 2 and basically comprises a
transfer station 20 and two adjacent processing chambers 21 and 22. These
chambers 20, 21 and 22 are arranged such that all can have either the same atmosphere
therein or each can have a different unique atmosphere maintained therein. The tool is

built such that the semiconductor wafers or substrates can be transferred from one



deposi tion chanber; (c) depositing a polycrystalline silicon |ayer on the
surface of the substrate at a substantially constant rate to formtwo

| ayers, a first layer having a first thickness of substantially uniformy
doped polysilicon on the surface of the substrate and a second | ayer of
undoped polysilicon having a thickness substantially |less than said first

| ayer; (d) maintaining the substrate in a chemically inactive environnent;
(e) nmoving the substrate fromthe first chanber to a second chanber wthin
the tool while maintaining the substrate ?n said chem cally inactive
environnment and preventing the substrate from being exposed to a

chemcally acti ve envi onrre on uctive,silicide . |ayer
on the second fajpertot ea“OtEﬂr‘Y'ﬂWt é"t"%i% C’Bﬁsfé@éﬁ"t 190H¢ aHﬂosﬁg?rﬁn?aém?‘H%d use
of different |gyeesistance netals which when sili CI ded result in gate
contacts with a sheet resistance hitherto unattai nable. The present

i nvention is directkdhe pmresiofthepreseasmvéntionf the iwafier 12 is pladedcinithetrarséan

station 20 and the transfer station and the chambers 21 and 22 are flushed with about a
600 SCCM flow of an inert gas such as argon (Ar) from a gas distribution system 26.
As is common in such tools, the gas distribution system is designed to contain all the
gases.used in the process and is coupled to all the chambers, via connecting inlet ports
25a, 25b and 25c so that selected flows of various gasses can be selectively introduced
into the respective chambers. It will be understood that inlet ports 25 consist of
multiple separate conduits each for providing a different gas to its respective chamber.

The silicon wafer or substrate 12 is then placed in the first chamber 21 and held
in a fixed position, by a suitable support 23. The chamber is sealed and evacuated. The
wafer is next .heated to about 650°C. The pressure in the chamber 21 is, at this time,
permitted to rise to 80 Torr. Reactant gases including about 50 SCCM flow of dopant
gas such as phosphine and about 500 SCCM of silane from the gas distributions
system 26, is now introduced in to the chamber 21 for a period of about 120 seconds
to form, on the surface 12 of the wafer 10, a polysilicon layer 14 approximately 185
nanometers (nm) thick. This layer 14 preferably is in sifu doped with phosphorous to
a density of approximately 3 X 10% phosphorus atoms/cm®. |

Once the desired thickness of doped polysilicon is achieved the phosphorus gas

flow is terminated.



on the surface of a sem conductor which conductive area has a sheet

resi st'ance | ower than and higher thermal stability than that of titanium
silicide or cobalt silicide. The present invention is further
directed towards a process for formng a conductive area on the surface of
a sem conduct or which conductive area is substantially stress free.

4a Still further the process of the present invention results in the
formati on of a conductive layer of silicide in which the percentage of the
sel ected netal remains 8

In the prior art process once the wafer was coated with the doped polysilicon
layer 12 it would have been removed from the tool and sent to a separate tool to
deposit the refractory metal layer and form the silicide layer thereon. When a wafer,
coated with a polysilicon layer 14, is so removed and exposed to the room
environment an oxide layer is quickly and naturally formed on the surface of the doped
polysilicon layer 14. It was this oxide layer that the hydrofluoric acid (HF) vapor step
described above was intended to remove.

The present inventors have discovered that, even if the surface of the
polysilicon was so cleaned, a silicide formed thereon may not adhere well.

" The present invention by maintaining the wafer being treated in the same
apparatus and maintaining the substrate in a chemically inactive, non-oxidizing
environment &uring transfer between stations will prevent the creation of deleterious
oxides on the surface of the doped polysilicon. Preventing the formation of the oxides
eliminates the problems associated with the removal thereof.

The present inventors further discovered that the formation of a silicide directly
on the surface of the doped polysilicon layer caused the tungsten silicide to become
very tungsten rich at the polysilicon interface. When the tungsten silicide is annealed to
transform it from the high resistance hexagonal as-deposited form to the low resistance
tetragonal crystal phase, large voids can be created in the doped polysilicon layer
which further affected the adhesion of the silicide to the underlying polysilicon. In
addition, tungsten rich tungsten silicide films become very tensile during the

transformation anneal, resulting in cracking and separation of the silicide from the

polystlicon layer..



substantically uniformover its entire thickness at about 33 percent of the
total content of the silicide |layer and the silicon content thereof
remai ns at about 67 percent. The present invention achieves these
desirabl e ends by overcoating a doped polycrystalline |layer with an
undoped pol ycrystalline layer and formng the silicide thereon i-n a
non- oxi di zi ng envi ronnent . The present invention broadly conprises a
nmet hod of forming a conductive area on the surface of a sem conductor
substrate conprising the steps of: Placing® a sem conductor substrate
Wi thin a deposition chanber and depositing thereon a doped

The present invention solves these problems by maintaining the wafer in the

chamber 21 after the formation of the phosphorous doped layer 14 and immediately

- forming an undoped polysilicon layer 16 on the surface of the doped layer 14. By
interposing this undoped layer 16 between the doped layer 14 and the subsequently
deposited metal overcoating, without removing the wafer from the tool, better
nucleation and adhesion of the formed silicide is realized and the voids encountered in
the prior art process are avoided or eliminated.

Thus, the wafer 10, now coated with the layer 14, is left in the :tool and a new
sufficiently thick undoped polfsilicon layer 16, having a thickness thicker than about
30 nm, is immediately formed on the surface of the doped polysilicon layer 32. The
thickness of undoped polysilicon is selected to ensure that the silicide-forming metal
will substantially react only with undoped polysilicon.

This uhdoped polysilicon layer 16 is formed over the doped layer 14 by
maintaining, after the source of phosphorous is shut off, the flow of silane gas for an
additional 15 seconds. This silane flow forms tﬁe layer 16 of undoped polysilicon to a
thickness of approximately 45 nanometers.

Once the undoped polysilicon layer 16 is grown to the desired thickness the
flow of silane is shut off and the transfer station 20 and the chambers 21 and 22 are
again flooded with a flow of 800 SCCM of an inert or non-oxidizing atmosphere such
as argon to flush any residual gases therefrom.

It is preferred, but not required, to allow the polysilicon coated substrate to
cool down to near the temperature at which the silicide forming metal or silicide is

formed.
The wafer is now transferred from the first chamber 21 thfough the transfer



5 pol ycrystalline silicon |l ayer on the surface of the substrate,
overcoating the doped polycrystalline |layer with an undoped

polycrystalline |ayer and formng a silicide on the - undoped
pol ycrystal line | ayer. BRI EF DESCRI PTI ON OF THE

DRAW NGS Fig. 1 illustrates, in cross-section,

a typical gate

stack structure for a field effect transistor fabricated on the surface of

a sem conductor substrate in accordance with the present

i nventi on show ng

the various | ayers present. Fig. 20depicts schematically, in
cross-section, a sinple nmulti-chanbered tool used in the present process

with the waf estalieh DO irRb BELRE6KH dHamBer 27 $ith@RRRPSing the treated wWakd to nglepi ct's

schematically the chanbered tool shown in Fig. 2 wth the wafer belng
processed in ghemedlydhctvambierials or environment. The wafer is shown in chamber 22 in Fig.

3.

Alternatively, the wafer can be cooled while still maintaining the low pressure,
non-oxidizing environment in a cool down station, not shown but part of the Centura
tool, prior to transfer to the second deposition chamber 22. This step will reduce
considerably the time required to cool the substrate to a temperature suitable for
processing in the silicide forming metal deposition chamber.

The silicon substrate 12, now coated with the layer 14 of doped polysilicon
and overcoated with the undoped polysilicon layer 16, is then placed in the second
chamber 22, held in a fixed position near the gas distribution plate or manifold 25¢.
The chamber is sealed and evacuated. An inert gas from gas supply 26, such as argon
at one atmosphere, is introduced therein through inlet 25c at a flow rate of about 600
SCCM while the temperature of the chamber is maintained at 550° C.. The wafer is
held at this temperature for a period of at least 45 seconds in order to stabilize the
substrate temperature..

Once the substrate has been stabilized, the flow of argon is maintained and
about 175 SCCM of gaseous dichlorosilane (DCS) together with 3.5 SCCM of
gaseous tungsten hexafluoride is introduced into the chamber for a period of about
130 seconds. During the first 15 seconds of this operation tungsten silicide begins to
nucleate directly on the undoped polysilicon layer 16 and during the remaining time the
layer thickens to form a layer 17 about 250 nm thick on the undoped polysilicon layer
14.

Once the required thickness of the tungsten silicide is reached, the tungsten
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DETAI LED: DESCRI PTI ON OF THE PREFERRED EMBODI MENT Fig. 1
Illustrates, in cross-section, a typical silicided polysilicon structure
for a field effect transistor fabricated on the surface of a-sem conductor
substrate 12 in accordance with the present invention. Br oadl y
described, the process of fabricating this silicided polysilicon structure
requires, in accordance with the present invention, selecting a partially
processed sem conductor substrate 12 and depositing on its upper surface a
pol ycrystalline silicon |ayer 14 doped mﬁ&p phosphorus atons. Over this
doped pol ycrystalline silicon Iayer 14 an undoped pol ycrystalline silicon

layer 16 1s dﬁeo uoncfje ga’g‘issslhu{ Cff and {he:yde crhlo:Lrgsifarsle gas is maintained at about 175
SCCM for about 25 seconds to passivate the surface 18 (Fig. 1) of the tungsten
silicide layer 17.

When this passivation step is over, the dichlorosilane gas is shut off, but the
argon is kept flowing, and the wafer is held in the chamber for an additional 20
seconds to purge the chamber of the diclorosilane gas. At the completion of this cycle
the silicided wafer is allowed to cool and is removed from the tool for further
treatment such as etching or the like.

The above described process elﬁnhétes the need for precleaning the surface of
the doped polysilicon layer 14 and avoids the necessity of the ion implant step used in
the prior art process.

The introduction of the undoped polysilicon layer 16 interposed between the
silicide layer i7 and the phosphorus doped polysilicon layer 14 prevent large voids
from appearing in the doped polysilicon layer 14 and prevents cracking or peeling of
the tungsten silicide layer 17. '

While the invention has been particularly described with respect to a preferred
embodiment, it should be understood that one skilled in the art can, from the
foregomg, readﬂy make changes in form and detail of the mventlon w1thout departmg

“from the spirit and scope of the invention.



6 formed on the surface of the urdgpgc e tathine |ayer 16 as will
be descri bed below. The underlying su sk%&%a_ ckéel ude FET gate
di el ectric, exposed crystalline sidicaon '’ GElel d -el-ectric-4ayers upon

which it is desired to forma silicided polysilicon interconnect |ayer.

After the formation of the silicide layer 17, it andig$fiee Replagegh er 5
are etched to forma desired configuration of the co l (ﬂ l
substrate surface. In Fig. 1 the desired configurati I ed by a

plurality of islands 18 separated by ¥ ched channels 19. It shoul d be
under st ood th@]é ygg configuration can be fornmed into conductive |ines, FET
gates, single ‘é al regions or other necessary elenents as is well known
to the art. Preferably, the process of the present invention is
perfornmed in a so tal | efthemegiodrofdorming a ealdantderlae cdepesidficarmfaool , such as
an Applied Materials Mdel 5200 Centura tool. The tool consists of a _
plurality of §SPBeLErtay SEHASSOMPESSEFtERs o4 common central chanber in

whi ch different at : i ' h: R i .
sem conduct or waf er ?Qgﬁg%pﬁﬁgggg%%@é%%}ﬁgd%}ﬁ.9? |]r}11§giB ﬁir})gurglﬁtgaorfat us is
presently readily ayjaehiaddpesition thanbeps; ket pl ace and is a staple in comerce
any further or detailed description is not deenmed necessary. The
process of the pre®ditcing ssmirendugior substraernatiae a frst gepostion ¢haghbenid be
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d) depositing an undoped layer of polycrystalline silicon on the doped layer;

) maintaining the substrate in a chemically inactive environment;

f) moving the substrate from the first chamber to a second chamber within the
tool while maintaining the substrate in said chemiéa]ly inactive environment and
preventing the substrate from being exposed to a chemically active
environment; |

g) forming a conductive silicide layer on the undoped polycrystalline

layer.

2. The method of clair;x 1 wherein:

said ;loped pol;irgstélﬁne;iéyef is formed by e_xpdsifig said sibstrate
simultaneously to silane and phosphorus gases; and maintaining said substrate at about
650° Celsius.

e
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transfer station 20 and two adj acent processing chanbers 21 and 22. These
chanbers 20, 21 and 22 are arranged such that all.can have either the sane
at nosphere therein or each cap-have a different un| que at m)sphere '

mai nt ai ned therein. The tool §Ht$uBHEE]SHA9 Boagt| t or
substrates can be transferred| fromgmpence I,"JH," m’!\’i

7 chanber to the another w ttout—goe+rg cutsi e th at m)sphere
mai nt ai ned therein. In the process of the presen

wafer 12 is placed in the transfer statiqg 20 and the transfer statlon and
t he chanbers 21 and 22 are flushed wth about a 600 SCCM fl ow of an inert

gas such as argon GA") ThQt 3, GPgr Fhis'f SRMbh Wers Wik 3Rovided the step of
shutting off said phosphorus gas after a selected period of time; and maintaining said
substrate in said silane gas for an additional period to form said undoped

polycrystalline layer.

4, The method of claim 1 wherein said silicided layer is formed by coating
said substrate, coated with a dual layer doped and undoped polycrystalline silicon
layer, with either chemical vapor deposited or physical vapor deposited tungsten

silicide.

5. The method of claim 4 wherein the substrate, coated with a dual layer
of doped and undoped polycrystalline silicon layer is exposed to gaseous
dichlorosilane and tungsten hexafluoride.

6. The method of claim 4 wherein the substrate, coated with a dual layer
of doped and undoped polycrystalline, is exposed to an atmosphere of argon and
sputtered tungsten silicide.

maw
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As is conmmon in such tools, the gas distribution system.is. . designed to
contain all the gases used in the process and is coupled to all the

chanbers, via connecting inlet ports 25a, 25b anthi etiay essk ed
fl ows of various gasses can EEEEE- Ry-imtr oduc ' spective
chanmbers. It will be understoggﬁl’ﬁggﬁ:@gtg%lrts 25 l m‘ 1'1 Itiple
separate conduits each for ptavidi LACED 1 f er eint gas to Its respective
chanber . The silicon wafer or substrate 12 is then placed in the
first chanber 21 and held in a fixed positjson, by a suitable support 23.
The chanber is sealed and evacuated. The wafer is next heated to about
650[err] C. The pressure in the chanber 21 is, at this tinme, permtted to
rise to 80 Torr. Reactant gases including about 50 SCCM fl ow of dopant gas
such as phosphine gnd aloeimeptd 3Ol whérkRBe EHaB1Fedshie sA@ Sodll hfel Hebfdd tth ONS
system 26, is now introduced in to the chanber 21 for a period of about 120
seconds to forbgutopSQ°Heelsiug: f e depedpolyerpstollinelayerds foamedby thelstepsnfll ayer 14

[ | . nm. . thick. Thi 4 f bly [s i
o T U doped w ERAisBEBRBT HES r A Y omby = ApRED s Byoosne st wbsiae
phosphorus at ﬁﬁﬁﬂtﬁﬁ@dﬁﬁlg]t? a%out 500 SOUM of band @Al bssht 50ISTEN 2 pfgéspﬂiﬂg?& a

polysilicon is achieve he phosphorus gas flow is term nated.
period of about 120 seconds to form polycrystalline silicon doped with phosphorus to

a density of approximately 3 X 10% phosphorus atoms/cm?, shutting off the

phosphine gas after said 120 seconds and continuing silane flow for 15 seconds;

8. The method of claim 1 wherein:

the conductive silicide is formed by exposing said substrate in said second
chamber to a flow of about 175 SCCM of gaseous dichlorosilane and a flow of about
3.5 SCCM of tungstén hexafluoride for a period of about 133 seconds; shutting off the
tungsten hexafluoride after said about 133 seconds; and there is further provided the
step of:

passivating the formed silicide by maintaining the about 175 SCCM flow of
the gaseous dichlorosilane for an additional about 25 seconds after said tungsten
hexaflouride is shut off.

L
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8 In the prior art process once the wafer was coated with the
doped polysilicon layer 12 it would have been renoved fromthe tool and
sent to a separate tool to deposit the refractory netal |ayer .and formthe
silicide |ayer thereon. \Wen a wafer, ~coated with a polysilicon layer 14,
is so renoved and exposed to the rogm environment an oxide layer is .

qui ckly and naturally formed on the“Surface of the doped polysilicon |ayer
14. It was this oxide |ayer that the hydrofluoric acid (HF) vapor step

descri bed above was intended to renove. The present inventors have
di scover edt tHERHOR\QFh HORMING duLOWc§TBESShE8IpIFIRE IGQitﬂUC\‘is@hblAeaned a
silicide fIEMECONINMITORM GBIV not adhere wel | . The present invention

by mai ntaining the wafer being treated in the same apparatus and

mai ntai ning the substrate in a chemcally inactive, non-oxidizing

envi r onmergg ity transfer between stations will prevent the creation of
del et eri ous oxides on the surface of the doped polysilicon. Preventing the

formation of t ﬁﬁg elim ates t he F ens associ ated with the renoval

t her eof . Hodyif Foatun® 1RVereBiethus bheroRIUtonts AdNat oM fe

formation §ﬁmi;qﬂqqq§qﬁamea§5ppg (12) is disclosed In practicing
the method a multichamber tool is used to advantage by
forming a first doped polysilicon layer (14) on the surface
of a substrate, forming a second undoped layer (16) on the
doped layer, while maintaining the work piece in a first
chamber (21) under a vacuum environment, moving the
substrate to a second chamber (22) and thereafter forming a
silicide containing layer (17) on the undoped polysilicon
layer. Various techniques may be used to deposit either the
polysilicon or the silicide layer such as sputtering may
also be used. Practice of the method eliminates separation
of sillicide from polysilicon and increases product yield.

Figure 1.



on the surface of the doped polysilicon |ayer caused the tungsten silicide
to becone very tungsten rich at the polysilicon interface. Wen the
tungsten silicide is annealed to transformit fromthe high tesistance
hexagonal as-deposited formto the |ow resistance tetragonal crystal phase,
| arge voids can be created in the doped polysilicon layer which further’

af fected the adhesion of the silicide to the underlying polysilicon. In
addi tion, tungsten rich tungsten silicildd filnms beconme very tensile during
the transformation anneal, resulting in cracking and separation of the
silicide fromthe polysilicon |ayer.

9 _ The present invention solves these problens by naintaining the
wafer in the chanber 2% after the formation of the phosphorous doped | ayer
14 and i medi at g y (9 18 19 18
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ghioins T
formng an undoped bpql yém ngn layer 16 on the surface of the doped | ayer
14w By' interpo |ng t oped | ayer 164between the doped Izg/?r]!lAN 1968
t he subsequent | | s overcoatl ng, W thout renoving the wafer

fromthe tool, better nucleaty formed silicide is
realized and the voids encoun mmw&&rocess are avoi ded or
el i m nat ed. The present inventionnisfdirectedto aprocesolor tmingigolystison gster 14, i s

left in the twad i 16,
havi ng a t i #e"s@? N i ks blafich it acHRP SieeROljRlcr LERALARSY | ©

surface of tHE® B! B‘Z?F’iﬁﬁslal“’cﬂﬁm?%y f@?"“‘iﬁéﬁ’?‘ Bness of undoped
pol ysilicon i s selcectdiy tooomerace of hist pilckmt iveationctRert Ay discigseded aethtid! of

polysiTi con 1obaE %e“‘?’ﬂé‘*%‘ﬁé ?P&&P 6 BB SRR At 8 et sy Srbting e
after the sowtepe off () ipooviting md;postmnhenv:rmiﬂmnt ieindingoavtont havihgaephgalityf off an
addi tional 134y @Exﬁ“&k?osﬁgﬂ apprg; %xéﬁoa gﬁ&ﬁdﬁcﬁ*%nb@@atg‘cwiﬂﬂﬂo&%ﬂ

-polysilicon to a.th nanonet

undoped pol y<iEpPsienn ¢ 1"18) @Og‘ﬂ%/ﬁ WUCHH@MQ@’P@H By B @ﬂ(ﬂ'@sﬂlffa%ofiﬂ&/v of
‘silane i s shuubsfate molsubhauianﬁe@dsam fatefoi fai B R n§ faefi:@m ﬁ'hiv:ﬁﬂc adfi@e 22

2t moophere s Jacrsd bf nfelly eéwvﬁwof?gwnp@aw% sy O His fubsiate 2
is preferred,a lsenondotegmaqhamngi 2 thockukdsowabistantiatiy| less Ithanommtoﬁnsedegmmst(d)at e
£01FePhrun Rt 0SB el MLRD el i it
‘chanber 21 t Hraudhe diset ehagbes ¢ 2 second chamber within the tool while maintaining the
substrate in said chemically inactive envircnment and preventing the substrate from
being exposed to a chemically active environment; and, (f) forming a conductive silicide
layer on the polycrystalline silicon layer.

Further, the present invention permits the use of differcnt low resistance metals
-which when silicided result in gate contacts with a sheet resistance hitherto unattainable.

The present invention is further directed towards a process for forming a
conductive area on the surface of a semiconductor which conductive area has a sheet
resistance lower than and higher thermal stability than that of titanium silicide or cobalt
-silicide.

The present invention is further directed towards a process for forming a
conductive area on the surface of a semiconductor which conductive area is substantially
stress free. -

Still further the process of the present invention results in the formation of a
conductive layer of silicide in which the percentage of the selected metal remains
substantially uniform over its entire thickness at about 33 percent of the total content of
the silicide layer and the silicon content thereof remains at about 67 percent.

The present invention achieves these desirable ends by overcoating a doped
polycrystalline layer with an undoped polycrystalline layer and forming the silicide

- thereon. in a non-oxidizing environment.

The present invention broadly comprises a method of forming a conductive arca on
the surface of a semiconductor substrate comprising the steps oft placing 2
semiconductor substrate within a deposition chamber and depositing thereon a doped

This Sheet Has Been R
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10 , station 20 into the second chanber 22 W t hout exposi ng the treated

wafer to 'any che T*y‘:a?‘fyﬁ Ht er i aJ or environment. ~The wafer i s
" shown in chanmber |28 gFE;! Al ternatively.onb eHag/%feg‘q RS
- cool ed while stifl mmif ﬁﬂg thel | ow pressure, non- ronrrent
. in a cool down station, not shown butcipgmts of the Oen or to
transfer to the second deposition chanmber 22. This st

considerably the tinme required to cool the substrate to a terrperature

sui ttabl e for processing in the silicide form ng netal deposition chanber.
The silicon substrate 12, now coated with the |ayer 14 of doped polysilicon
and overcoated wth the undoped polysilicon layer 16, is then placed in the
. second 1. The method of forming a conductive layer on the surface of a semiconductor

' substrate comprising the steps of:

(a) providing a deposition environment including a tool having a plurality of adjacent
deposition chambers;

() placing Q,semiconductor substrate within a first deposition chamber;

(c) depositing a polycrystailine silicon layer on the surface of the substrate at a
substantially constant rate to form two regions, a first region having a first thicimess of
substantially uniformly doped polysilicon on the surface of the substrate and a second

region having a thickness substantially less than said first region;

(d) maintaining the substrate in a chemically inactive environment;

(¢) - moving the substrate from the first chamber to a secomi chamber within the tool

while maintaining the substrate in said chemically ipactive environment and preventing

the substrate from being exposed to a chemieally aetive environment; and

(D forming a conductive silicide layer on the polycrystalline silicon layer.

2.  Thbe method of claim 1 wherein:
said polycrystalline silicon layer is formed by exposing said substrate
. simuitaneously to silane and phosphorus gases; and maintaining said substrate at about
650° Celsius.
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:chanber 22, held in a fixed position near the gas distribution plate or

meni fol d 25¢. The -chanber—i-s—seal-ed¢ and \gvacuat ed. Qn |nert gas from gas
supply 26, such a$ Tdig8HEit Héﬁeﬁﬁt\i%sphere is intrdd r@emRé@g@th
inflet 25c at a fl éw ratgrRiCEDbout GOSCCI\/Iwhllethet t he
chanmber is mainta “%W\A/afer Is held at th Hfor a
period of at |east 45 seconds in order to stabilize the substra

tenperature.. Once the substrate has been stabilized, the flow of
argon is mai ntained and about 175 SCCM of gaseous dichl or osi | ane ( DCS)
together with 3.5 SCCM of gaseous tungsten hexafluoride is introduced into

the chanber _for eriqd of about 130 seconds ing the first 15 seconds
of this opeﬁatlgﬂe&? thfﬁlaémlz Wﬁéﬂb@gﬁe%ﬁ!@eﬁﬂt‘lv@&g@m%ﬁﬁé@f shutdag offe

i ckens't o WP PhiehrRg b e adtsbimiotof Uil efoe 0 st v, con
o eh e gy e WhAn ST 't GRSy S Jy%;‘ STheroe

4.  The method of claim 1 wherein said conductive silicide layer is formed by coating
said substrate, coated with a dual layer of doped and undoped polycrystalline silicon
layer, with either chemical vapor deposited or physical vapor deposited tungsten silicide.

3.  The method of claim 4 wherein the substrate, coated with a dual layer of doped
and undoped polycrystalline silicon layer is exposed to gaseous dichlorosilane and
* tungsten bexafluoride.

6. The method of claim 5 wherein the substrate, coated with a dual layer of doped
and undoped polyérystalline silicon layer, is exposed to an atmosphere of argon.

g



. wafer is he

hexaf | uoridegas isshut” off and the dichlorosilane gas is maintained at
about - 175 h%cg\g I%s t,ge BoegSeconds toipassivate the surface 18 (Fig. 1) of
t he tungste r17. When this passivation step is over,
the dichl or shut of f, but the argon is kept flow ng, and the

er for an addit q:gq@l SRET 88 qu% ;to purge the
chanber of the d| cI or05| | ane gas. At the tonpl gopRe § cycle the

. silicided wafer is allowed to cool and is! itool for further

treatment such as etching or the |ike. The above described process

-~ elimnates the need for precleaning the surface of the doped polysilicon

art procest, H BinbhGe ARECT Hatabin’ e St °“n'aﬁ513€°3 a9 o 8ot 71”"

s T TCCS R A PR e

 E71 VG o B ok RRLRGRIH P B0 Thir Brabling S8 ity sinfifadedily 15

, descri‘bed xioubh SOPSCEM of Slafie RACHRLE S0/ SCONPEH pHREShine for atpeab@obﬁbduﬂm st ood

.. that one skilled in the art can, fromthe foregoing, réadily make changes

=_' in form angceijisakd @fmtmydﬁmﬂﬁﬁd Qilicoh t duped Wit phosphBrus to a density of

approximately.3 X 102 phosphorus atoms/cm3; and shutting off the phosphine gas-after
said 120 seconds and continuing silane flow for 15 seconds.

8.  The method of claim 1 wherein:

the conductive silicide is formed by exposing said substt;ste in said second chamber
to a flow of about 175 SCCM of gasecus dichlorosilane and & flow of about 3.5 SCCM
of tungsten hexafluoride for a period of about 130 seconds; shutting off the tungsten
hexafluoride after said about 130 seconds; and there is further provided the step of:

pasgivating the formed silicide by maintaining the about 175 SCCM flow of the
gaseous dichlorosilane for an-additional about 25 seconds after said tungsten bexaflouride
is shut off,
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frenTthe spirit and scope of the invention.

CLAIMS 1. A nethod of form ng a conductive |ayer on the25uf\ﬂ§c193§f a
sem conductor substrate conprising the steps of: (a) providing a
deposition environment including a tool 4having a plurality of adjacent
deposition chanbers; (b) placing a sem conductor substrate within a first

deposition chanber; SUMMARY OF THE INVENTION

The present invention is directed to a process for formiflg a polysilicon gate
conductors in which the thickness limitations and hence the sheet resistance limitations of
“the prior art processes are significantly reduced or eliminated.

According to one aspect of the present invention there is disclosed a method of
forming a conductive layer on the surface of a semiconductor substrate comprising the
steps of: (a) providing a deposition environment including a tool having a plur-ality of
adjacent deposition chambers; (b) placing a semiconductor substrate within a first
deposition chamber; (c) depositing a polycrystalline silicon layer on the surface of the
substrate at a substantially constant rate to form two layers, a first layer having a first
thickness of substantially uniformly doped polysilicon on the surface of the substrate and
a second layer of undoped polysilicori having a thickness substantially less than said first
layer; (d) maintaining the substrate in a chemically inactive environment; (¢) moving the
substrate from the first chamber to a second chamber within the tool while maintaining
the substrate in said chemically inactive environment and preventing the substrate from
being exposed to a chemically active environment; and (f) forming a conductive silicide
layer on the second layer. |

Further, the present invention permits the use of different low resistance metals
which when silicided result in gate contacts with a sheet resistance hitherto unattainable.

The present invention is directed towards a process for forming a coﬁductive area
on the surface of a semiconductor which conductive area has a sheet resistance lower
than and higher thermal stability than that of titanium silicide or cobalt silicide.

The present invention is further directed towards a process for forming a
conductive area on the surface of a semiconductor which conductive area is substantially.

stress free.
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(c)” depositing a polycrystalline silicon |ayer on the surface of the
substrate at a substantially constant rate to formtwo |ayers, a first

| ayer having a first thickness of substantially uniformy doped
polysilicon on the surface of the subst4ate and a second |ayer of undoped
pol ysilicon having a thickness substantially less than said first |ayer;
(d) naintainiggpthe substrate in_a chemcally inactive environnment;

moving the sub! rg’_tr@_e¥ tBenDreRsss jof the PRl pvERHRD §E~°@Hﬁcﬁ“cﬁ§n@é?‘av\ﬁ"l Iﬁ’ifE\ae% he
(ool L S AP A S o 2 L i

ner cal | c ; s _  ora . e
chem ca ﬁl?s?a{du\éﬁ%gﬁ}@g{;g B)%lngs eﬂﬁighﬂel{c%%%s% gg 5@&%3?6%9&%@%&&"&5'cohf%'nPSfS ai d

Iayer on e Seco ereln.

pol ycryst gid %iﬁéidé ilzlsy@efgﬂd h@s?ﬁcdg%oﬁﬁhf‘ﬁ@r&y rérRRS At oﬁ@é’f’gé%&ﬁ? rate
si mul taneously to silane and phosphorus gases; and nai ntalning said
substrate at gipgUpresent invention achieves these desirable ends by overcoating a doped
polycrystalline layer with an undoped polycrystalline layer and forming the silicide
thereon in a non-oxidizing environment.
The present invention broadly comprises a method of forming a conductive area on

the surface of a semiconductor substrate comprising the steps of: Placing a

semiconductor substrate within a deposition chamber and depositing thereon a doped

g |25 AUS 1998
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656[err] Cel sius. 3. The nethod of claim2 wherein there is further
provi ded the step of shutting off said phosphorus gas after a selected

period of ning said substrate in said silane gas for an
addi ti oname‘mmuwwmfsal d polycrystalline silicon layer. 4. The
met hod of ¢lafm4 whersein said conducti ve silicide layer is formed by

coating said substrate, coated with ﬁol ycrystalline silicon |ayer,
with either chem' cal vapor deposite ysi cal vapor deposited tungsten

;'0: Jcr o £ e RS A Ak 5 Ry T
tungsten Hﬁf&ﬁ'ﬁie%fﬂpqﬁmg the steps of: :

(a) providing a deposition environment including a tool having a plurality of adjacent
deposition chambers; '
(b) placing a semiconductor substrate wiﬂlin a first deposition chamber;
() depositing a polycrystalline silicon layer on the surface of the substrafe at a
substantially constant rate to form two layers, a first layer having a first thickness of
substantially uniformly doped polysilicon on the surface of the substrate and a second
layer of undoped polysilicon having a thickness substantially less than said first layer;
(d) maintaining the substrate in a chemically inactive énvironment;
(¢) moving the substrate from the first chamber to a second chamber within the tool
while maintaining the substrate in said chemically inactive environment and preventing
the substrate from being exposed to a chemically active environment; and
(f) forming a conductive silicide layer on the second layer.
2.  The method of claim 1 wherein:

said polycrystalline silicon layer is formed by exposing said substrate
simultaneously to silane and phosphorus gases; and maintaining said substrate at about
6500 Celsius. |
3. Tﬁe_ method of claim 2 wherein there is further provided {he step of shutting off
said phosphorus gas after a selected peﬁod of time; and maintaining said substrate in said
silane gas for an additional period to form said polycrystalline silicon layer.
4. The method of claim 1 wherein said conductive silicide layer is formed by coating
said substrate, coated with said polycrystalline silicon layer, with either chemical vapor
deposited or physical vapor deposited tungsten silicide.
5. The method claim 4 wherein the substrate, coated with said polycrystalline silicon

layer is exposed to gaseous dichlorosilane and tungsten hexafluoride.
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13 g The r_rethodof ";:I-ai m 5 wherein the substrate, coated wth said

pol ycrystal | i nﬂ“l“”"umm“"mﬁ"" is exposed to an atnosphere of argon.
* c L M S * ’
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6.  The method of claim 5 wherein the substrate, coated with said 'polycrystalline

silicon layer, is exposed to an atmosphere of argon.




