METHODS OF FORM NG SEM CONDUCTOR DEVI CES US| NG -
EMBEDDED L- SHAPE SPACERS BACKGROUND OF THE | NVENTI ON
[ 0001] The present disclosure relates to seni conductor
devi ces and nmet hods of form ng such devices using an
enbedded L-shape spacer. [0002]-Both theoretical and
enpi rical studi es have denobnstrated that carrier
mobility in netal oxide seniconductor field effect
transi stors (MOSFET's) can be greatly increased when
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decreased transi stor performance. [0004] Therefore,
there is a need for nethods that overcone and/ or
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side of a gate region of a substrate and enbeddi ng

the L-shaped spacers in an oxide |ayer so that the
ox[93] Ageordimglye iidsasobesn proposed to increase the performance of

MOSFET'’s by appi'yihg a stress enhancement layer to the channel regions.
Most prior art methods require the use of multiple spacers and multiple
etching steps. Unfortunately, the use of mu!tipl‘e spacers can lead to
significant processing costs and the use of multiple etching steps, par’ficdlarly‘
when etching causing significant recesses in the silicon layers and/of'etching

away of silicide, which can lead to decreased transistor performance.

[0004] Therefore, there is a need for methods that overcome and/or mitigate

one or more of the above and or other deleterious effects of prior art methods.



portion of the substrate a predeterrri ned di stance

froma |late - shaped spacer. [0006]
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i nvention, a nethod of formng a sem conductor

device is provided that includes depositing a first
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edge substantially co-planar to said lateral edge. -

[0006a] According to the second aspect of the present invention, there is
provided a method of forming a semiconductor device, comprising: depositing
a first -L—shaped oxide layer on each side of a gate region of a semiconductor
substrate; depositing an L-shaped nitride layer on said first L-shaped oxide
Iayér; depositing a second oxide layer on said L-shaped nitride layer; etching
said first L-shaped oxide layer, said L-shaped nitride layer, and said second
oxide layer to form an L-shaped spacer on each side of said gate region;

depositing a third oxide layer on said L-shaped spacers so that said third
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[0007] According to embodiments of the present invention, a semiconductor
device is provided that includes a gate region, an L-shaped spacer, a source-
drain region, and a silicide region. The gate region is on a semiconductor
substrate. The L-shaped spacer is defined on at least one side of the gate
region and inéludes a lateral edge. The source-drain region has an edge that
is less than about £200 Anstroms from the lateral edge. The silicide region

haé an edge that is substantially co-planar to the lateral edge.

[0008] The above-described and other features and advantages of the present
invention will be appreciated and understood by those skilled in the art from
the following detailed description, drawings, and claims.
BRIEF DESCRIPTION OF THE DRAWINGS

2a



[ 0007] According to enbodi nents of the present
~invention, a sem conductor device is provided that
_includes a gate region, an L-shaped spacer, a source-
drain region, and a silicide region. The gate region
is on a sem conductor substrate. The L-shaped spacer
is defined on at | east one side of the gate region
‘and includes a |ateral edge. The source-drain region
has an edge that is |ess than about 200 Anstromns
fromthe.lateral edge. The silicide region has an
edge that is substantially co-planar to the |latera
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D@% 2a [0009] FIG 1 is a schematic depiction
Wi SMcr oss-sectional view of a semi conduct or
device according to the present disclosure, after
tion air of L-shaped spacers wi
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spacers in an oxide |ayer; [0011] FIG 3 illustrat es
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implementation for defining ion implant regions;

[0013]FIG 5 illustrates the semiconductor device of FIG. 4, after annealing

the implant regions to define source-drain regions; -

[0014]FIG. 6 illustrates the semiconductor device of FIG. 5‘, after removal of

the remaining portions of the oxide layer;

[0015] FiG. 7 illustrates the semiconductor device of FiG. 6, after forming

silicide regions; and

[0016]FIG. 8 illustrates the semiconductor device of FIG. 7, after deposition of

a stress layer.
DETAILED DESCRIPTION OF THE INVENTION



[0014] FIG 6 illustrates the sem conductor device of
FIG 5, after renoval of the remaining portions of
the oxide layer; [0015] FIG 7 illustrates the

sem conductor device of FIG 6, after form ng
silicide regions; and [0016]FIG 8 illustrates the
sem conduct or device of FIG 7, after deposition of

a stress layer. DETAILED DESCRI PTI ON OF THE | NVENTI ON
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material 2-is, preferably, polysilicon, but nay "

conprise of any conductive material. Substrate 12 is
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onenveelyingothe uete nlgalm&”r[er IG:dte dielectric 18 may be a conventional oxide,
an oxymtnde other high-k matertals or any combinations thereof Gate
material 2-is, preferably, ponSIllcon but may comprise of any conductive
material. Substrate 12 is preferably silicon, but may be any.semlcondu_ctlnga

7 material or a layered substrate including at least one semiconducting material.

[0020]Each L-shaped spacer 16 includes a first oxide layer 22 and a nitride
layer 24. In addition, the L-shaped spacer 16 can include a second oxide
layer 26 disposed thereon during the process. First and second oxide [ayers
22, 26 can be made of many forms of silicon oxide, such as, but not limited to,
low temperature oxide (LTO), Tetraethyl Orthosilicate (TEOS) oxide, High
Density Plasma (HDP) oxide, atomic layer deposition (ALD) oxide, thermal
oxide as well, and any combinations thereof. Nitride layer 24 can be made of
materials, such as, but not limited to, of Rapid Therfnal Chemical Vapor
Deposition (RTCVD) nifride, Plasma Enhanced Chemical Vapor Deposition
(PECVD) nitride, liquid phase chemical vapor deposition (L.P CVD}) nitride,



[ 0020] Each L-shaped spacer 16 includes a first oxide
| ayer 22 and a nitride layer 24. In addition, the
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[0023] Advantageously, the method of the present disclosure embeds L-
shaped spacer 16 in a third oxide layer 28 as shown in FIG. 2. For example,
third oxide layer 28 is-deposited such that a portion 30 of substrate 12 is
covered by the third oxide layer. Thus, portion 30 extends a predetermined
distance from a lateral edge 32 of L-shaped spacer 16. Preferably, portion 30
extends a predetermined distance of up to about 600 Angstroms from lateral

~ edge 32, more preferably about between about 200 to about 400 Angstroms.

[0024] After deposition of third oxide layer 28, the third oxide layer is etched to
reveal an upper portion 34 of polysilicon gate material 20 as shown in FIG. 3.
For example, a reactive-ion-etch (RIE) can be used to remove portions of third

oxide layer 28.

[0025]As shown in FIG. 4, semiconductor device 10 is subjected to a known

ion implantation process 36 to define ion implant regions 38 in substrate 12.



shaped spacer 16 in a third oxide layer 28 as shown
in FIG 2. For exanple, third oxide |ayer 28 is
deposited- such that a portion 30 of substrate 12 is
covered by the third oxide |ayer. Thus, portion 30
extends a predetermined distance froma |ateral edge
32 of L-shaped spacer 16. Preferably, portion 30
extends a predeternm ned distance of up to about 600
Angstrons from | at er al edge 32, nore preferably.
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source drain regions 40 in substrate 12. As shomn |n'
source-drain regions 40 have an edge 42

e [DegZ]Aftﬁrdeﬁamoqe@-dmggeg'@ﬁﬁ 40 saeand %‘F%ith'@d@’@de layers

32.
I atzeér %Bse ggﬁ@ggl %{ﬂ%’lx} ?’qﬂ%déle Frﬁ'ﬁ'\x‘é Jﬁr ce{;‘éda dﬂ'vét?on etch
r eqRYBBcADbe s8ed td remdve isecond and ethlhiagnede layghs 23828r e

renoved as shown in FIG 6. For exanpl e, a
reactive-ion-etch

[0028] 1t can be seen that portion 30 of substrate 12 that was previously

covered by third oxide fayer 28 is now exposed by the removal of the third
oxide layer. As such, semiconductor device 10 cen‘ be exposed to a known
process to define silicide contacts 44 on exposed surfaces of substrate 12 as
shown in FIG. 7. In this manner, silicide contacts 44 can be defined with an
inner edge 46 that is substantial!y co-planar to lateral edge 32.
Advantageously, silicide contacts 44 can be defined without need for
subsequent etching steps, which are known to damage the silicide contacts
Thus, semiconductor device 10 includes silicide contacts 44 having inner
edge 46 substantially co-planar to lateral edge 32, where the silicide contacts

are free of etch induced damage.

[0029]In order to induce and/or enhance stresses in the channel,
semiconductor device can include a stress-enhancing layer 48 deposited

thereon by known processes as shown in FIG. 8. Stress-enhancing layer



(RIE) can be used to renobve second and third oxide

| ayers 26, 28. [0028] It can be seen that portion 30

of substrate 12 that was previously covered by third

oxi de layer 28 is now exposed by the renoval of the
third oxide layer. As such, sem conductor device 10

can be exposed to a known process to define silicide
contacts 44 on exposed surfaces of substrate 12 as

shown in FIG 7. In this manner, silicide contacts 44
can be defined with an inner edge 46 that is
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the disclosure without departing fromthe scope
thereof. It is intended that the present disclosure
not be limted to the particular enbodi nents '
di scl osed, but that the disclosure will include al
enbodi nents falling wwthin the scope of the . appended
CAPs. 7 CLAAIMS 1. A nethod of forming a
sem conduct or devi ce, conprising: depositing a first
oxi de |l ayer over a -gate region and a sem conduct or
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drain region having an edge that is cgfpiénar with said lateral edge;
removing said second and third oxide layers; and
forming a silicide region having an edge substantially co-planar to said lateral

edge.

2. The method of claim 1, wherein said predetermined distance is up to about

600 Angstroms.

3. The method of claim 1, wherein said predstermined distance is betweén'

about 200 to about 400 Angstroms.

4. The method of claim- 1, further comprising depositing a nitride stress layer
over said silicide region, said L-shaped spacer, and said top porﬂon of said gate

region.

5, A method of forming & semiconductor device, comprising:
' depositing a first L-shaped oxide layer on each side of a gate region of a
semiconductor substrate:
d:epositing an"L-shaped nitride layer on said first L-shaped oxide layer;

“depositing a second oxide layer on said L-shaped nitride layer;



- 2. The nmethod of claim1, wherein said predeterm ned
di stance is up to about 600 Angstrons. 3. The nethod
of claim1, wherein said predeterm ned distance is
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| at eral edge; annealing said inplant region to define

-g.a SQ’Hé ‘?:’?e‘ti%dadf'&!e{:rﬁ@ ﬁﬂth@%brﬂgmﬁﬁ‘g ER@FiRg shifdhird &(l%e layer to

Cco- p anar wth said | ateral dge; refrovi ng sal

reveatdiag RePNLdiispld aRike theianegnd & foPRATtiaNGY §RIAG--2haper iseacRs
‘ befo‘?@irrﬂﬁ'?d?iﬁgisgia i@ edge substantially co-planar to said
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7. The method of claim 5, wherein said predetermined distance is up 1o about
800 Angstroms.
8 The method of claim 5, wherein said predetermmed distance is between

about 200 to about 400 Angstroms.

8. A method of forming a semiconductor device, comprising:

forming an L-shabe'd spacer on each side of a gate regidn of a semiconductor
substrate, said L-shaped spacer compriéing a first oxide layer, a nitride layer, énd a
second oxide layer; | '

'deposi’zing a third oxide layer on said L-shaped spacers so that said third
oxide layer covers a portion of said semiconductor substrate a predetermined

distance from a lateral edge of said L-shaped spacer; and
implanting ions in said substrate to define animplant region in said substrate

at said predetermined distance from said laterai edge;
annealing said implant region to define a source-drain region having an edge

that is co-planar with said laieral edge;



edge. 6. The nethod of claimb5, further conprising
etching said third oxide layer to reveal a top

- portion of said gate region and a top portion of said
L- shaped spacer before inplanting said ions. 7. The
met hod of claimb5, wherein said predeterm ned
di st EMQYINdssalthsacend BEE thirdgO@sAA s oms. 8. The method
of Cloahiy% sl 8l ﬁn%\t@g %B%gé%ﬁmtmgliﬁﬁébéﬂgﬁo ls8id lateral
betmeen about 20 out 400 Angstrons

epgs RBE of forning a sen1conductor devi ce, conpri sing:
for f
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twm@&@n of saiprdatd iegioa- f i r st OXI de layer, a nitride
| ayer, and a second oxide |ayer; depositing a third
oxi de | ayer on said L-shaped spacers so that said
third oxide |ayer covers a portion of said
sem conduct or substrate -a predeterm ned distance
froma lateral edge of said L-shaped spacer; and
inplanting ions in said substrate to define an
i nplant region in said substrate at said
predeterm ned di stance fromsaid | ateral edge;
anneal ing said inplant region to define a :
source-drain region having an edge that is co-planar
with said | ateral edge; 9 renoving said second and
third oxide layers; formng a silicide region having
an edge substantially co-planar to said |atera
edge; and depositing a nitride stress |ayer over said
silicide region, said spacer, and said
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top portion of said gate region. 10 ABSTRACT METHODS
OF FORM NG SEM CONDUCTOR DEVI CES USI NG EMBEDDED

L- SHAPE SPACERS A nethod of form ng a sem conduct or
devi ce that enbeds an L-shaped spacer is provided.
The nmet hod includes defining an L-shaped spacer (16)
on. each side of a gate region (14) of a substrate
(12) and enbeddi ng the ABSTRMEATspacers (16) in an

oxi de layer (28) so that the oxide |ayer (28) extends

over a REIHODSOF FORWSEMI@C@JDIQC?@@ BENIOEY
di stance froma |ateral edge of the L-shaped spacer

(16). In one‘J%mﬁbﬁbﬁﬂﬁ@DE' SHARDAP AGERSer i ncl udes

the st'ep of renoving oxide |ayers to expose t he
L- shape spacers. Fig. 2. 11 -
A method of forming a semiconductor device that embeds an L—shaped spacer is

provided. The method includes defining an L-shaped spacer (16) on.each side of a
gate region (14) of a substrate (12) and embedding the L-shaped spacers (16) i an
oxide layer (28) so that the oxide layer (28) extends over a portion of the substrate a
pfedetélminéd distance from a lateral edge of the L-shaped spacer (16). ITn one
embodiment, the method further includes the step of removing oxide layers to expose

the L-shape spacers.

Fig. 2.
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