US 20020053711A1

(19) United States

(12) Patent Application Publication (10) Pub. No.: US 2002/0053711 A1
Chau et al.

(43) Pub. Date:

(54) DEVICE STRUCTURE AND METHOD FOR

May 9, 2002

Related U.S. Application Data
(62) Division of application No. 09/654,315, filed on Sep.
1, 2000, which is a division of application No. 09/115,

REDUCING SILICIDE ENCROACHMENT

(76) Inventors: Robert
S. Chau, Beaverton, OR (US);
Ebrahim Andideh, Portland, OR (US);

R. s

"isSNE
lysi?
,914, Illed On Jun. 3U,

applical IOn No.
O

Mitch C. Taylor, Lake Oswego, OR

(US); Chia-Hong Jan, Portland, OR

O

Publication Classification

(US); Julie Tsai, Beaverton, OR (US)

(51) Int. Cl." ...................... H01L 31/113; H01L 31/062;
HO1L 29/94

(52) U.S. Cl. .............................................................. 257/412

Correspondence Address:
Michael A. Bernadicou
BLAKELY, SOKOLOFE, TAYLOR & ZAFMAN

(57)

LLP

9

ABSTRACT

9

A Semiconductor device having a novel Spacer Structure and

Seventh Floor

method of fabrication. The present invention describes a

12400 Wilshire Boulevard

Semiconductor device which has an electrode with a first

Los Angeles, CA 90025-1030 (US)

thickness. A Silicide layer having a Second thickneSS is
formed on the electrode. A sidewall spacer which is formed
adjacent to the electrode has a height which is greater than

(21) Appl. No.:

10/010,525

(22) Filed:

Dec. 7, 2001

the Sum of the thickness of the electrode and the thickness

of the silicide layer.
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DEVICE STRUCTURE AND METHOD FOR
REDUCING SILICIDE ENCROACHMENT

Separated by planar isolation regions. For example, as also
shown in FIG. 1E, as isolation regions are made more planar

BACKGROUND OF THE INVENTION

and made more compact (less than 0.4 microns wide), Such
as with shallow trench isolation (STI), silicide from adjacent

0001) 1. Field of the Invention
0002 The present invention relates to the field of semi
conductor device fabrication, and more Specifically to a
method and structure for reducing Suicide encroachment in
an integrated circuit.
0003 2. Discussion of Related Art
0004 Today integrated circuits are made up of literally
millions of active and passive devices Such as transistors,
capacitors, and resistors. In order to improve device perfor
mance, low resistance Silicide layers are generally formed on
electrodes Such as gate electrodes and on doped regions Such
as Source/drain regions.
0005 For example, FIG. 1A is an illustration of a portion
of a complementary metal oxide semiconductor (CMOS)
integrated circuit. Integrated circuit 100 includes a PMOS
transistor 102 and an NMOS transistor 104 separated by an
isolation region 103. NMOS and PMOS transistor 102 and
104 each include a pair of source/drain regions 106, a
polysilicon gate electrode 107, and a gate dielectric layer
101. Insulative sidewall spacers 108 are formed along oppo
site sidewalls of gate electrode 107 as shown in FIG. 1A. In
order to decrease the resistance of gate electrode 107 and
Source/drain regions 106, low resistance Silicide is formed
on gate electrode 107 and source/drain regions 106.
0006. One method of forming a low resistance silicide is
a Self-aligned Silicide process known as a SALICIDE pro
ceSS. In Such a process, a refractory metal layer 109, Such as
titanium, tungsten, cobalt, nickel or palladium, is blanket
deposited over the substrate and MOS devices 102 and 104
as shown in FIG. 1B. The Substrate is then heated to cause

a reaction between metal layer 109 and exposed silicon
Surfaces Such as Source/drain regions 106 and gate electrode
107 to form a low resistance silicide 110 as shown in FIG.

1C. Locations where no Silicon is available for reaction,

such as oxide spacers 108 and isolation region 103, metal
layer 109 remains unreacted. Unreacted metal 109 can then
be etched away leaving Silicide only on Source/drain regions
106 and on gate electrode 107 as shown in FIG. 1D.
0007. A problem with the above described process is that
circuits fabricated with the process are vulnerable to short
circuits due to Silicide encroachment. That is, during the
high temperature anneal used to form silicide layer 110 or
during Subsequent anneal Steps, Silicide can diffuse or Spill
over from polysilicon gate electrode 107 and source/drain
regions 106 and form an undesired silicide bridge 112 over
Sidewall Spacers 108 and cause shorting of gate electrode
107 to source/drain region 106. Silcide encroachment is
further compounded by Silicides, Such as nickel Silicide

(NiSi), which experience silcide volume increases over the
combined Volume of the consumed Silicon and metal layer.
For example, the reaction of nickel and Silicon creates a
nickel Silicide/polysilicon gate electrode layer having an
approximately 18% Volume increase over the Silicon elec
trode shown in FIG. 1A. AS Such is shown in FIG. 1C to

silicide 110 reaches above spacer 108.
0008 Silicide encroachment can also cause short circuits
between Source/drain regions of adjacent devices which are

transistor source/drain regions 106 can diffuse or spill over
isolation region 103 and cause silicide shorts 114 between
adjacent devices.
0009. In order to help reduce the potential for silicide
Shorts between Source/drain regions and gate electrodes,

polysilicon layer 107 is formed thick, (i.e., greater than
2000A), in order to ensure that silicide 110 has a large

distance to bridge over spacers 108. Unfortunately, however,
by increasing the thickness of polysilicon gate 107, the ion
implantation technique used to dope gate electrode 107

(typically the Source/drain implantation) is unable to drive

dopants sufficiently deep into the electrode 107 to provide a
uniformly doped low conductivity gate electrode. When the

lower portion (portion near gate dielectric layer 101) of the
gate electrode has no or reduced doping, the device has
increased gate resistance which detrimentally affects the
drive current. This non uniform gate electrode doping is
commonly referred to as “polysilicon depletion effects”.
0010 Additionally, in order to prevent silicide encroach

ment, Silicide layer 110 is generally kept thin (i.e., thinner
than the thickness of the polysilicon gate electrode). It would
be desirable to be able to form silicide layers which are
thicker than the polysilicon layer So that lower resistance
electrodes can be fabricated and device performance
improved.
0011 Thus, what is desired is a device structure and

method of fabrication which reduces Silicide encroachment

as well as poly depletion effects.
SUMMARY OF THE INVENTION

0012. In a first embodiment of the present invention, a
Semiconductor device having a novel Spacer Structure and its
method of fabrication is described. According to the first
embodiment a Semiconductor device having an electrode
with a first thickness is formed. A Silicide layer having a
Second thickness is formed on the electrode. A Sidewall

Spacer formed adjacent to the electrode and has a height
which is greater than the Sum of the thickness of the
electrode and the thickness of the Silicide layer. In another
embodiment of the present invention, regions of a device
which are to receive Silicide are etched below the top Surface
of isolation regions prior to Silicide deposition. In this way
Silicide regions are formed below the top Surface of the
isolation regions.
DESCRIPTION OF THE DRAWINGS

0013 FIG. 1A is an illustration of a cross-sectional view
of a conventional CMOS integrated circuit.
0014 FIG. 1B is an illustration of a cross-sectional view
showing the formation of a metal layer over the Substrate at
FIG. 1A.

0015 FIG. 1C is an illustration of a cross-sectional view
showing the formation of a Silicide layer from the metal
layer on the substrate at FIG. 1B.
0016 FIG. 1D is an illustration of a cross-sectional view
showing the removal of unreacted metal from the Substrate
of FIG. 1C.
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0017 FIG. 1E is an illustration of a cross-sectional view
showing silicide encroachment on the substrate of FIG. 1D.
0.018 FIG. 2 is an illustration of a cross-sectional view of
a Semiconductor Substrate having Silicide regions formed in
accordance with the present invention.
0.019 FIG. 3A is an illustration of a cross-sectional view
showing the formation of a isolation region in a Semicon
ductor Substrate.

0020 FIG. 3B is an illustration of a cross-sectional view
showing the formation of p type and n type conductivity
regions in a Semiconductor Substrate.
0021 FIG. 3C is an illustration of a cross-section view
showing the formation of a gate dielectric layer, a polysili
con layer, and a sacrificial layer on the substrate of FIG.3B.
0022 FIG. 3D is an illustration of a cross-sectional view
showing the formation of an intermediate gate electrode on
the Substrate of FIG. 3C.

0023 FIG. 3E is an illustration of a cross-sectional view
showing the formation of Sidewall Spacers on the Substrate
of FIG. 3D.

0024 FIG. 3F is an illustration of a cross-sectional view
showing the formation of recesses and Source/drain regions
in the Substrate of FIG. 3E.

0.025 FIG. 3G is an illustration of a cross-section view
showing the removal of the sacrificial layer from the Sub
Strate of FIG. 3F.

0.026 FIG. 3H is an illustration of a cross-sectional view
showing the formation of a metal layer over the Substrate of
FIG, 3G.

0.027 FIG. 3 is an illustration of a cross-sectional view
showing the formation of Silicide regions.
0028 FIG. 4A is an illustration of a cross-sectional view
showing the formation of Semiconductor material onto a
Semiconductor Substrate.

0029 FIG. 4B is an illustration of a cross-sectional view
showing the formation of silicide on the Substrate of FIG.
4A.
DESCRIPTION OF THE PRESENT INVENTION

0030) A novel device structure and method for preventing
Silicide encroachment is described. In the following descrip
tion numerous specific details are set forth Such as Specific
materials and processes in order to provide a thorough
understanding of the present invention. In other instances
well known Semiconductor processing techniques and
machinery have not been set forth in detail in order to not
unnecessarily obscure the present invention.
0031. The present invention is a novel device structure
and method for preventing Silicide encroachment in an
integrated circuit. In one embodiment of the present inven
tion a Sidewall Spacer is formed adjacent to an electrode of
a device onto which a silicide layer is to be formed. The
Spacer is fabricated So that it has a height which is greater
than the combined thickneSS or height of the electrode plus
the Silicide layer. In this way the Spacer extends above the
height of the Silicided electrode and prevents Silicide from

expanding or diffusing from the electrode and causing shorts
with adjacent devices or regions.
0032. In another embodiment of the present invention
where isolation regions are used to isolate adjacent devices,
devices are fabricated in Such a manner that the isolation

region extends above the Silicided regions. According to this
embodiment of the present invention, regions which are to
receive silicide are etched below the top surface of the
isolation region prior to Silicide deposition. In this way,
Silicide is unable to expand or diffuse over the isolation
region and cause electrical coupling or shorts between
adjacent devices.
0033. An example of an integrated circuit 200 which
incorporates the Structures and methods of the present
invention is illustrated in FIG. 2. Integrated circuit 200
includes a first metal oxide Semiconductor device 202 and a

Second metal oxide Semiconductor device 206 Separated by
an isolation region 204. Each MOS device includes a gate
electrode 208 formed on a gate dielectric layer 210 which is
formed on a first surface 212 of a substrate 214. Each gate
electrode has a silicide layer 216 formed thereon. Semicon
ductor devices 202 and 206 each also include a pair of
Sidewall spacers 218 formed adjacent to and along opposite
sides of the silicided gate electrodes 220 as shown in FIG.

2. Sidewall spacers 218 extend a spacer height (T) above
substrate surface 212. Spacers 218 have a height (T)which
is greater than the height (T) which the silicided gate
electrode 220 extends above substrate surface 212 (i.e.,
T>T). That is, spacer height (T) is greater than the Sum
total of the gate electrode 208 thickness (T,) and the silicide
216 thickness (T,) (i.e., T-T-T). Spacers 218 preferably

extend at least 200A above silicided gate electrode 220.
Additionally, in an embodiment of the present invention,
Silicide layer 216 can be made much thicker, more than two

times thicker, than the gate electrode 208. (i.e., T-T) In

this way gate electrode resistance is Substantially reduced
and poly depletion effects eliminated.
0034. In another embodiment of the present invention,
integrated circuit 200 utilizes planar isolation regions 204,

such as, shallow trench isolation (STI), as shown in FIG.2.

A planar isolation region 204 is characterized by the fact that
the top surface 221 of isolation region 204 is substantially
planar with Substrate Surface 212 on which gate dielectric
layers 210 are formed. That is, the top surface 221 of
isolation region 204 extends less than 1500A above sub
Strate Surface 212. Shallow trench isolation regions are
desirable because they can be formed planar and compact
which dramatically improves device packing density. In the
embodiment of the present invention where planar isolation

regions (e.g., STI) are utilized, Source/drain regions 222 are

etched or recessed prior to depositing Silicide 224 on to the
Source/drain regions. In this way, the top Surface 221 of
isolation region 204 extends above the top surface 226 of
Silicide regions 224. In this way Silicide is confined to the
Source/drain regions and is prevented from diffusing or
expanding over the isolation region 204 and causing short
circuits between the Source/drain regions 224 of adjacent

devices 202 and 206.

0035 An example of a method of fabricating an inte
grated circuit according to methods of the present invention
will be described with respect to the fabrication of a CMOS
integrated circuit. The example describes a method of pre
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venting Silicide encroachment and thereby preventing shorts
between a Source/drain region and a gate electrode when
forming a Silicide on the gate electrode. Additionally the
present example illustrates a method of preventing Silicide
encroachment between Source/drain regions of adjacent
transistorS Separated by a planar isolation region. The meth
ods described herein can be used independently or integrated
together to reduce or eliminate reliability issues associated
with Silicide encroachment. It is to be appreciated that the
illustrated method of preventing Silicide encroachment on a
gate electrode is equally applicable to forming Silicide layers
on other electrodes Such as but not limited to emitter

electrodes of bipolar transistors and capacitor electrodes of
DRAM cells. Similarly the illustrated method of preventing
Silicide encroachment between Source/drain regions of adja
cent transistorS is equally applicable to preventing Silicide
encroachment over any isolation region Separating other
device regions Such as base and collector contact regions
and burried interconnects. The isolation proceSS is especially
useful when planar, compact isolation regions are used.
0036). According to the present invention a substrate 300,
such as shown in FIG. 3A, is provided. Substrate 300 is
generally a Semiconductor Substrate Such as but not limited
to a Silicon Substrate, a gallium arsenide Substrate, a Silicon

germanium Substrate, or a silicon on insulator (SOI) Sub

strate. Additionally substrate 300 may or may not include
additional epitaxial layers deposited thereon. Still further
Substrate need not necessarily be Semiconductor Substrate
and can be other types of Substrates Such as those used for
flat panel displayS. For the purposes of the present invention
a Substrate is defined as a Starting material on which devices
of the present invention are fabricated.
0037 According to an embodiment of the present inven
tion, an isolation region 302 is formed on Substrate 300. In
order to fabricate high density integrated circuits, isolation
region 302 is preferably a planar isolation region Such as a

shallow trench isolation (STI). An STI region 302 can be
fabricated by a well known technique Such as by blanket
depositing a pad oxide layer 304 of about 100A onto surface
301 of substrate 300 and a nitride layer 306 of about 1000A
onto pad oxide layer 304. Using Standard photolithography
and etching techniques, an opening can be formed through
pad oxide layer 304 and silicon nitride layer 306 at locations
where isolation regions are desired. Substrate 300 is then
etched to form a trench in Substrate 300 with well known

techniques. Next, a thin (approximately 100-300A) thermal
oxide is grown within the trench. A fill material, Such as
Silicon dioxide deposited by chemical vapor deposition
(CVD), is then blanket deposited over silicon nitride layer
306 and into the trench. The fill material can then be

polished back with chemical mechanical polishing until the
top surface 312 of isolation region 302 is substantially
planar with silicon nitride layer 306 as shown in FIG. 3A.
0038) Next as shown in FIG.3B, silicon nitride layer 306
and pad oxide layer 304 are removed with well known
techniques to form a shallow and compact isolation region
302. Isolation region 302 is said to be a planar isolation
region when the top surface 312 of isolation region 302 has

a height (T,) which is less than 1500A above substrate

surface 301. Additionally with the technique described
above compact isolation regions having a width of less than
0.4 microns can be fabricated. It is to be appreciated that the
use of Small and planar isolation regions enables the fabri

cation of high density integrated circuits. Although STI
regions are preferred, other types of planar isolation regions,
such as recessed LOCOS and deep trench isolation may be
utilized as well as non planar isolation regions, Such as
LOCOS isolation, if desired.

0039) Next, as also shown in FIG. 3B, well known
masking and ion implementation techniques are used to
form a p type region 314 and an in type region 316 in
Substrate 300.

0040. Next, as illustrated in FIG. 3C, a thin, less than
100A, gate dielectric layer 318 such as but not limited to
Silicon dioxide, Silicon nitride or Silicon OXinitride is formed
on Surface 301 of Substrate 300. A silicon film 320 is then

deposited over gate dielectric layer 318 as shown in FIG.
3C. Silicon film 320 is generally polycrystalline silicon but
may be other forms of Silicon Such as amorphous Silicon.
Polysilicon layer 320 can be planarized at this time by
chemical mechanical polishing. In order to reduce polysili
con depletion effects as well as improve photolithography
and etch processes, polysilicon layer 320 is formed as thin
as possible. However, polysilicon layer 320 must be formed
thick enough to prevent channel doping during Subsequent
Source/drain doping. A planarized polysilicon layer having a

thickness (T,) of between 100-1500A over substrate surface
301 is suitable. (It is to be noted gate thickness T over
substrate surface 301 includes the nominal thickness of gate

dielectric layer 318).
0041) Next, as also shown in FIG. 3C, a sacrificial layer
322 is deposited over polysilicon layer 320. Sacrificial layer
320 can be any suitable material which can be selectively
etched with respect to Subsequently formed Spacers and
polysilicon layer 320. Sacrificial layer 320 can be for
example, a grown or CVD deposited oxide layer, a fluorine,
phosphorous, or boron doped oxide layer, formed by any
well known technique. Additionally sacrificial layer 320 can
be a Silicon/germanium Semiconductor alloy. A Silicon/
germanium Semiconductor alloy can be formed by a decom
position of SiHCl and GeH in Hambient at a temperature
between 500-800° C. with 600° C. being preferred. It is to
be appreciated that the thickness of Sacrificial layer 322 Sets
the upper limit on the amount of Silicide that can be
Subsequently formed on polysilicon layer 320. Sacrificial
layer 322 is preferably made thicker than polysilicon layer
320 and ideally at least twice as thick. In this way the
electrode can have a Silicide layer which is thicker than the
polysilicon layer which will allow for the formation of a low
resistance electrode.

0042. Next, as shown in FIG. 3D, sacrificial layer 322,
polysilicon layer 320 and gate dielectric layer 318 are
patterned with well known photolithography and etching
techniques to form intermediate electrodes 324. At this time
if desired, tip regions or lightly doped regions can be
formed. For example, well known photolithography and ion
implantation techniques can be used to form n type conduc
tivity tip regions 326 in p type conductivity region 314 and
p type conductivity tip regions 328 and n type conductivity
region 316 in alignment with the outside edges of interme
diate gate electrodes 324, as shown in FIG. 3D.
0043. Next, a pair of sidewall spacers 330 are formed
along opposite Sides of intermediate gate electrode 324 as
shown in FIG. 3E. Sidewall spacers 330 can be formed by
any well known method Such as by blanket depositing a
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100-1000A thick conformal layer of silicon nitride over
substrate 300 and then anisotropically etching the film to
form sidewall spacers 330. Sidewall spacers 330 should be
formed of a material which can be selectively etched with
respect to sacrificial layer 322. Sidewall spacers 330 need
not necessarily be single material Spacers and can be com
posite SpacerS Such as Silicon nitride Spacers with a thin
oxide layer formed adjacent to the intermediate gate elec

trode 324. Sidewall spacers 330 have a height (T) over
substrate surface 301 which is equal to the combined thick
ness of polysilicon layer 320 (T) and sacrificial layer 322

(Tae).
0044) Next, if desired, substrate 300 can be etched in
alignment with sidewall spacers 330 to form recesses 332 as

illustrated in FIG. 3F. Recesses 332 are desirable when

planar isolation regions 302 are used to isolate Source/drain
regions of adjacent devices. Recesses 332 can also be used
when non planar isolation regions are used in order to
provide increased margins for preventing Silicide encroach
ment over the isolation region. Recesses 332 are formed to
a depth beneath surface 301 sufficient to keep Subsequently
formed Silicide beneath the top Surface of isolation region
302. Recesses having a depth beneath surface 301 of
between 100-1000A will generally be Sufficient. Recesses
332 can be formed by any well known technique such as but

not limited to reactive ion etching (RIE) with the chemistry

comprising C-H and He at a ratio of 2:1. If a Suitable Spacer
material is used, Such as Silicon nitride, recesses 322 can be

formed by over etching into the silicon Substrate 300 during
the Spacer etch.
0045 Next, as illustrated in FIG.3G, sacrificial layer 322
is removed from polysilicon layer 320. If sacrificial layer
322 is an oxide, it can be removed with a diluted HFSolution

(50:1 HO to HF). If sacrificial layer 322 is silicon germa
nium it can be removed with a mixture of NHOOH/HO

or Sulfuric acid (H2SO). Using a silicon germanium sacri
ficial layer 322 is advantageous because Silicon germanium

can be removed with an etchant which does not attack oxides

which are generally used to fill STI region 302.
0046. After sacrificial layer 322 has been removed, n type
conductivity Source/drain regions 331 and p type conduc
tivity source/drain regions 333 can be formed as shown in
FIG. 3G. N type source/drain regions 331 and p type
Source/drain regions 333 can be formed by well known
photolithography and ion implementation techniques. If
polysilicon layer 320is made as thin as practically possible,

(i.e., less than 1000A) the respective Source/drain dopings
will be able to dope the entire thickness of polysilicon layer
320, and thereby prevent polysilicon depletion effects. Addi

tionally, by having a thin polysilicon layer, low energy (less
than 30 Kev) Source/drain implant energies can be used to

form shallow Source/drain junctions, and Still ensure com
plete polysilicon doping. It is to be noted, that if desired deep
Source/drain regions 331 and 333 can be formed directly
after spacer formation in FIG. 3E. Recesses 332 can then be
Subsequently etched into the Source/drain regions 331 and
333.

0047 Next, a silicide layer is formed on polysilicon layer
320 and on source/drain regions 331 and 333. In one
embodiment of the present invention the Silicide layers are
formed with a self-aligned silicide process or SALICIDE
process. In a Salicide process, a metal layer 334 is blanket
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deposited over substrate 300 as illustrated in FIG.3H. Metal
layer 334 is generally a refractory metal Such as but not
limited to, titanium, tungsten, nickel, cobalt and palladium
which can react with Silicon to form a low resistance Silicide.

Metal layer 334 can be deposited by any well known
technique Such as by Sputtering.

0048 Substrate 300 is now annealed (heated) to cause a

chemical reaction between those portions of metal layer 334
which are in direct contact with exposed Silicon to form a

silicide. That is, silicide is formed wherever silicon is

available to react with metal layer 334 such as over source/
drain regions 331 and 333 and on polysilicon gate electrode
320. Since no silicon is available from sidewall spacers 330
or on STI region 302 no silicide forms thereon. Substrate
300 is heated to a sufficient temperature and for a sufficient
period of time in order to initiate the reaction and produce
low resistance silcide. Substrate 300 can be thermally cycled
with well known techniques Such as a rapid thermal anneal
or a furnace anneal. Next, substrate 300 is subjected to a
etchant which Selectively removes the unreactive portions of
metal layer 334 while leaving silicide 336 on polysilicon
layer 320 and on source/drain regions 331 and 333.
0049. It is to be appreciated that for preventing silicide
encroachment on gate electrode 320, metal layer 334 is
deposited to a thickness So that after the Silicide reaction,
spacers 330 extend above the formed silicide 336 and
thereby confine the silicide layer between spacers 330. That
is, metal layer 334 is deposited to a thickness So that after

silicide formation the spacer height T is greater than the
Sum of a polysilicon gate thickness (T,) plus the silicide
thickness (T,), (i.e., T>T+T). Similarly, for preventing

Silicide encroachment over isolation region 302, metal layer
334 is deposited to a thickness so that after silicide reaction
silicide layer 336 on source/drain regions 331 and 333 are
beneath the top surface of isolation region 302. That is,
silicide 336 on source/drain regions 331 and 333 has a height
less than T over substrate surface 301. In this way silicide
336 is confined to the source/drain regions 331 and 333
between spacers 330 and isolation region 302.
0050. It is to be appreciated that when volume expanding
Silicides are utilized, Such as nickel Silicide, additional

margin should be provided to ensure that the Silicide is
unable to expand over Spacers 330 and/or isolation region
302. The confining techniques of the present invention
enable the use of Volume expanding Silicide layers without
worrying about Silicide encroachment problems associated
with the prior art.
0051. In an alternative to forming silicide 336 by a
Self-aligned process, Silicide layer 336 can be Selectively
deposited onto source/drain regions 331 and 333 and poly
silicon layer 320. For example, titanium silicide can be
selectively deposited onto source/drain regions 331 and 333

and gate electrode 320 by chemical vapor deposition (CVD)

using reactive gasses comprising TiCl, SiHCl and/or SiH,
with a hydrogen carrier gas at a temperature ranging from
600-900° C. and a pressure between 5-100 torr. Such a
process is Said to be a Selective proceSS because it will form
Silicide only on eXposed Silicon Surfaces, Such as Source/
drain regions 331 and 332 and polysilicon gate electrode 320
and not on insulative regions such as spacers 330 or STI
isolation region 302. It is recommended to utilize an HF dip
prior to Selective Silicide deposition to ensure complete
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removal of all native oxide layers formed on Silicon Sur
faces. A Subsequent high temperature rapid thermal anneal
can be used to convert the as deposited titanium Silicide

phase (C49) into low resistance phase (C54).
0.052 In a selective deposition process, insignificant
amounts of Silicon are consumed during the deposition as
compared to a Salicide process. Since leSS Silicon is needed
to Support the Silicide deposition, when a Selective Silicide
process is used polysilicon layer 320 can be formed verythin
to further decrease poly depletion effects and improve
photolithography and etching processes.
0053. It is to be appreciated that it may be desirable to
Selectively deposit Semiconductor material prior to Silicide
formation. For example, after forming sidewall spacers 330
and recesses 332, and removing Sacrificial layer 322 it may
be desirable to Selectively deposit a Semiconductor material,
Such as Silicon germanium, into recesses 332 and onto
polysilicon layer 320 as shown in FIG. 4A. Ion implemen
tation or insitu doping, can be used to dope the Semicon
ductor material to the desired conductivity type and con
centration. Additionally, a Subsequent anneal Step can be
used to out diffuse dopants from the Semiconductor material
to form ultra shallow tip regions as discussed in U.S. patent
application Ser. No. 08/363,749, filed Dec. 23, 1994. Addi
tionally depositing additional Semiconductor material on
Source/drain regions enables the manufacture of “raised”
Source/drain regions which reduce resistances of the device
and improves performance. Silicide 336 is then Subse
quently formed on the deposited semiconductor material 400
as shown in FIG. 4B. In such a case, the deposited semi
conductor material 400 combines with the previously depos
ited polysilicon layer 320 to set the gate electrode height

(T). In Such a case, Sacrificial layer 322 should be made

Sufficiently thick to compensate for the additional volume
occupied by the deposited semiconductor material 400.
0054. It is to be appreciated that an advantage of the
present method of confining Silicide onto an electrode is the

fact that it enables thin Sidewall spacers (less than 300A
wide) to be used. In prior art processes, spacers having a
width of at least 2000A were required to ensure that they
provided a Sufficient gap or distance to prevent Silicide
encroachment. The use of thin Spacers to confine Silicide
enables the further Scaling of Semiconductor devices. Addi
tionally thin Sidewall spacers allow Solid Source diffusion to
be used to form ultra shallow tip regions Since dopants have
only a short distance (less than 300A) to diffuse underneath
the gate electrode. Low resistance ultra shallow tips allow
the fabrication of high performance Semiconductor devices.
0.055 Thus, device structures and methods for preventing
Silicide encroachment have been described.

2. A metal oxide Semiconductor device comprising:
a gate electrode having a first thickness,
a Silicide layer on Said gate electrode, Said Silicide layer
having a Second thickness,
a pair of Sidewall spacers on opposite sides of Said gate
electrode, Said Sidewall spacers having a height which
is greater than the Sum of Said first thickness and Said
Second thickness, and

a pair of Source/drain regions formed on opposite sides of
Said gate electrode.
3. The Semiconductor device of claim 2 wherein Said gate
electrode comprises polysilicon.
4. The Semiconductor device of claim 2 wherein Said gate
electrode further comprises Selectively deposited Semicon
ductor on Said polysilicon layer.
5. A Semiconductor device comprising:
a gate electrode formed on a gate dielectric layer formed
on a first Surface of a Substrate;

a pair of Source/drain regions formed on opposite sides of
Said gate electrode,

an isolation region having a top surface extending less
than 1500A above said first Substrate Surface; and

a Silicide layer formed on Said Source/drain regions
wherein Said Silicide layer has a top Surface with a
height leSS than Said top Surface of Said isolation region.
6. The semiconductor device of claim 5 further compris
Ing:

a gate Silicide layer having a first thickness formed on Said
gate electrode, Said gate electrode having a Second
thickness, and

a pair of Sidewall Spacers formed on opposite Sides of Said
gate electrode, wherein Said Sidewall spacers have a
height which is greater than the Sum of Said first
thickness and Said Second thickness.

7. A method of forming a Semiconductor device compris
ing the Steps of:
forming an electrode having a first thickness,
forming a Silicide layer having a Second thickness on Said
electrode; and

forming a Sidewall Spacer adjacent to Said gate electrode
wherein Said Sidewall Spacer has a height which is
greater than the Sum of Said first thickness and Said
Second thickness.

8. A method of forming an MOS transistor comprising the
Steps of
forming a gate electrode on a gate dielectric layer formed
on a first Surface of a Substrate;

We claim:

1. A Semiconductor device comprising:
an electrode having a first thickness,
a Silicide layer on Said electrode, Said Silicide layer having
a Second thickness, and

a Sidewall spacer adjacent to Said electrode, wherein Said
Sidewall Spacer has a height greater than the Sum of Said
first thickneSS and Said Second thickness.

forming a pair of Source/drain regions on opposite sides of
Said gate electrode,

forming an isolation region having a top surface extend
ing less than 1500A above said first substrate surface;
and

forming a Silicide layer on Said pair of Source/drain
regions wherein Said Silicide layer has a top Surface
with a height leSS than the top Surface of Said isolation
region.
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9. The method of claim 8 further comprising the steps of:
forming a gate Silicide layer having a first thickness on
Said gate electrode, wherein Said gate electrode has a
Second thickness, and

forming a pair of Sidewall Spacers on opposite Sides of
Said gate electrode, wherein Said Sidewall Spacers have
a height which is greater than the Sum of Said first
thickness and Said Second thickness.

10. A method of forming a Semiconductor device, Said
method comprising the Steps of
forming a gate dielectric layer on a Silicon Substrate;
forming a Silicon layer over Said gate dielectric layer Said
Silicon layer having a first thickness,
a Sacrificial layer over Said Silicon layer;
patterning Said Silicon layer and Said Sacrificial layer into
an electrode,

forming a pair of Spacers on opposite Sides of Said
electrode Said Spacers having a first height;
removing Said Sacrificial layer from over Said Silicon
layer; and
forming a Silicide having a Second thickneSS on Said
Silicon layer and on Said Substrate adjacent to the
outside edges of Said Spacers, wherein Said first height
is greater than the Sum of Said first thickness and Said
Second thickness.

11. The method of claim 10 wherein said sacrificial layer
is Silicon germanium.
12. The method of claim 10 wherein said spacers com
prise Silicon nitride.
13. The method of claim 10 wherein said sacrificial layer
comprises Silicon dioxide.
14. The method of claim 13 wherein said silicon dioxide

layer is doped with fluorine.
15. The method of claim 10 wherein said sacrificial layer
is removed with a wet etchant.

16. The method of claim 10 further comprising the step of:
polishing Said Silicon layer prior to forming Said Sacrifi
cial layer.
17. The method of claim 10 further comprising the step of:
doping Said Silicon layer after removing Said Sacrificial
layer.
18. The method of claim 10 wherein said step of forming
Said Silicide layer comprises the Steps of
blanket depositing a refractory metal over Said Substrate,
Said pair of Sidewall spacers, and Said Silicon layer;
thermally reacting Said refractory metal with Said Sub
Strate and Said Silicon layer to form a refractory metal
Silicide; and

removing Said refractory metal from Said pair of Spacers.
19. The method of claim 10 wherein said step of forming
Said Silicide layer comprises the Step of:
Selectively depositing Said Silicide layer on Said Silicon
layer and on Said Substrate.

20. The method of claim 10 wherein said spacers have a
height greater than the Sum of the thickness of Said Silicon
layer and Said Silicide layer.
21. The method of claim 10 wherein said silicon layer is
polycrystalline Silicon.
22. The method of claim 10 wherein said spacer height is
greater than the Sum of Said Silicon thickness plus Said gate
dielectric thickness.

23. A method of forming a device, Said method compris
ing the Steps of:
forming a Silicon electrode having a first thickness,
forming a metal layer on Said Silicon electrode, and
forming a Silicide on Said Silicon electrode by reacting
Said metal layer and Said Silicon gate electrode, wherein
Said Silicide has a Second thickness, Said Second thick
neSS at least twice Said first thickness.

24. A method of forming a Semiconductor device in a
Semiconductor Substrate comprising the Steps of:
forming an isolation region in Said Semiconductor Sub
Strate,

etching Said Semiconductor Substrate adjacent to Said
isolation region to form a receSS region; and
forming a Silicide in Said recessed region.
25. A method of forming an integrated circuit comprising
the Steps of:
forming an isolation region in a Semiconductor Substrate,
Said isolation region having a top Surface extending less
than 1500A above said semiconductor Substrate.

forming a first and Second diffusion region adjacent to and
on opposite Sides of Said isolation region in Said
Semiconductor Substrate; and

forming Silicide on Said first and Second diffusion regions
wherein Said Silicide has a top Surface with a height leSS
than the top Surface of Said isolation region.
26. A method of forming a Semiconductor device, Said
method comprising the Steps of
forming a Silicon film above a Substrate;
forming a Silicon germanium film on Said Silicon film;
patterning Said Silicon film and Said Silicon germanium
film into an intermediate electrode,

forming a pair of Sidewall spacers on opposite Sides of
Said intermediate electrode,

removing Said Silicon germanium film from Said interme
diate electrode to reveal Said Silicon film; and

forming a Silicide film on Said Silicon film.
27. The method of claim 26 wherein said silicon film is

polycrystalline Silicon.
28. The method of claim 26 wherein said silicon germa
nium film is removed with a mixture of NHOH and H2O.
29. The method of claim 26 wherein said silicon germa

nium film is removed with Sulfuric acid (HSO).
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