
TUNABLE SPACERS FOR IMPROVED GAPFILL BACKGROUND [0001] Integrated circuits
(ICs) typically comprise numerous circuit components interconnected to
perform the desired functions. Such circuit components include, for
example, transistors such as field effect transistors (FETs).
Interconnection are formed by forming contacts and conductive lines in a
dielectric layer using, for example, damascene techniques. A damascene
structure, for example, includes a via or contact hole in a lower portion
and a trench which is generally wider than the contact hole in an upper
portion. The via serves as a contact to a device while the trench contains
the conductive line for connecting the device to, for example, other
devices. 100021As critical dimensions (CD) continue to shrink, gaps between
gates of transistors decreases. Various problems occur with decreasing gap
sizes For example, reliable gap fill can become a challenge as well as
shorting between contacts. SUMMARY 190031Embodiments generally relates to
semiconductor devices. Iin one embodiment, a method for forming a device is
presented. The method includes providing a substrate with an active region.
The substrate is prepared with a gate. Sidewall spacers arc formed on the
sidewall of the gate. The method further includes performing a tuning
process on the spacers to produce a profile wherein width of the spacers in
an. upper portion is reduced at a greater rate than a lower portioFt. OM]In
another embodiment, a method for forming a tunable sidewalk spacers is
disclosed. The method includes providing a substrate having a feature
thereon. A dielectric layer is formed on e substrate covering the feature
and the dielectric layer is patterned to form tunable sidewall spacers. A
width of the spacers in an upper portion is reduced at a greater rate than
a lower portion in a tuning process. 



[0005]A device that includes a substrate with an active region is disclosed
in another embodiment The device includes a gate disposed. in the active
region. Tunable sidewall spacers are disposed on sidewalls of the gate,
wherein a profile of the tunable sidewall spacers includes upper and lower
portions in which width of the spacers in the upper portion is reduced at a
greater rate than the lower portion. [00061These and other objects, along
with advantages and feature of the embodiments herein disclosed., will
become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the
features of the various embodiments described herein are not mutually
exclusive and can exist in various combinations and permutations, BRIEF
DESCRIPTION OF THE DRAWINGS [0007]In the drawings, like reference
characters generally refer to the same parts throughout the different
views. Also, the drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of the invention.
In the following description, various embodiments of the present invention
are described with reference to the following drawings, in which:
[0008iFig. 1 shows a cross-section of a portion of an embodiment of an IC;
[0909]Figs. 2a-g shows an embodiment of a process for thrming an IC; and
100101Fig, 3 shows etch rate of a tunable spacer layer vs, -flow rate of
ERC dopant source using a wet etch chemistry. DETAILED DESCRIPTION 



[0011]Embodiments generally relates to semiconductor devices or Ws. The
ICs, for example, can be various types of ICs, such as memory devices
including dynamic random access memories (DRAMs), static random access
memories (SRAMs), non-volatile memories including programmable read-only
memories (PROMs) and flash memories, optoelectronic devices, logic  chip,
as well as other types of devices, such as micro-electromechanical systems
(MEMO. The 1Cs can be incorporated in various types of products. Such
products may include cell phones, personal digital assistants, computers or
other electronic products. 100121Fig. I shows a cross-sectional view of an
embodiment of a portion of an IC 100. The IC includes a substrate 110. The
substrate comprises semiconductor material, such as Other types of
semiconductor substrates are also uselad. For example. the substrate can be
a silicon on insulator (S01) substrate. Defined on the substrate is an
active region 108. The active region includes a doped well 115 of a first
charge carrier type. The first charge earner type may be p-type charge
carriers. For example, the doped well comprises p-type dopants such as
boron (B), aluminum (Al) or a combination thereof Alternatively, ihe first
charge carrier type may be n-type charge carriers, such as phosphorous (P),
arsenic (As), antimony (Sb) or a combination thereof [00131Isolation
regions 180 are provided to isolate the active region from other device
regions. The isolation regions, for example, are shallow trench isolations
(STIs). STIs comprise trenches formed in the substrate and filled with a
dielectric material. The isolation regions are used to isolate active
device regions on the substrate. The depth. of the STIs is generally about
1.500 - 4500 A. Other depths are also useful. The doped well typically
overlaps the bottom of the ST1s. [00141A transistor 130 is disposed in the
active region. The transistor. fo  example, is a field effect transistor
(PET). The transistor may also he other types of transistors. The
transistor comprises a second type transistor. In one embodiment, the
second type transistor comprises a n-type transistor. Alternatively, the
second type transistor can be a p-type transistor. The transistor includes
a gate stack 132. The gate stack can be gate conductor which forms a
plurality of transistors having a common gate,  133. In other embodiments,
the gate stack can be provided with other types of gate stack laye The gate
electrode, for example, may be polysiheon while the gate dielectric may be
silicon oxide. Providing a gate stack with other types of gate electrode
and gate dielectric materials are also useful. 



[0016]Offset pacers 156 may be provided on sidewalk of the gate stack. The
offset spacers are employed, for example, in applications with offset
lightly doped diffusion (1.,DD) extensions, The offset spacers facilitate
creating an offset to locate the LDD extensions away from the gate or poly
corner. Dielectric materials, such ase, silicon oxide or a combination.
thereof, can he used to form the offset spacers. Other types of dielectric
materials can also be used for the offset spacers. [00171Sidewall spacers
150 are disposed on the ids of the gate stack. As shown the sid.ewall
spacers are disposed oil the offset spacers. The sidewall spacers are
firtmed from a dielectric material. In one embodiment,, the dielectric
material, for example cansilicon nitride. In one embodiment, theII spacers
comprise doped silicon nitride. In one embodiment, the spacer comprises
doped hexaehlorosilane (HCD) silicon nitride. Other types of dielectric
materials are also useful. in ne embodiment, the material of the offset
spacers is selected to have etch selectivity with the sidewall spacers.
[0018!Beneath the gate stack is a channel region 144 of the transistor.
First and second diffusion regions 135a-b are provided adjacent to the gate
stack, separated by the channel region. The diffusion relons include second
type charge carriers. This produces a second type transistor on the first
type doped well. The second type charge carriers, for example, may be
n-type &pants, such as P. As, Sb or a combination thereof, to timm a n-type
transistor.       tively, p-type transistor can be formed on the n-type
welt The dopam concentration of the difasion regions is about E13-E15, with
a depth of about [00-400A.  extensions at disposed, for example, under the
spacers. Metal suicide contacts 145 can be provided on the top of the gate
and diffusion regions to reduce sheet resistance. The silicide contacts,
for example, are nickel or nickel allde contacts. Other types of metal
silicide contacts, such as Co and Ti or alloys thereof, can also be used. 



100201In alternative embodiments, offset spacers can be eliminated. For
example, offset spacers m.ay not be needed for applications which do not
employ offset LDD extensions. Other con figurations of spacers and
diffusion egions are also useful. [0021]In one embodiment, the sidewall
spacers comprise tunable sidewall spacers. As shown, the tunable sidewall
spacers comprise a foot at the lower portion I. Ma, producing a sidewall
profile which is steeper at the upper portion 154h than at the lower
portion. This produces an average slope at the upper portion of the spacer
which is steeper than. the lope. at the foot or lower portion. [0022]The
tunable sidewall spacers have an initial profile with an upper width Wj in
the upportion and an initial lower width W1L in the lower portion I Ma. The
lower width forms, for example, the footprint of the sidewad spacers. The
footprint,for example, determines the width of the extension regions of the
diffusion regions. The width of the lower portion of the spacers, for
example, is about 100400A. Other widths are also useful. With the tunable
sidewall spacers, the width at the upper portion can. be reduced by a
greater amount than the lower portion. For example, the final width in the
upper portion Wu) can be thinner than the     width in the lower portion
WEL. The profile of the spacers can be tuned by a tuning process, such as
an isotropic etch. The isotropic etch, for example, can he a wet etch.
[0023]in one embodiment., the tunable sidewall spacers comprise a profile
with an n width. ratio Wim/WIL or W which is greater than th.e final width
ratio Wirii/WFL or In one  example, decreasing less and less from the top
to the bottom of the gate stack. 100241The profile of the tunable sidewall
spacers, in one embodiment, is produced by 



providing the spacer layer with different etch or removal rates in upper
and lower parts of the layer by the tuning process, such as wet etching. In
one embodiment, the etch rate profile of the spacer layer has a higher etch
rate at an upper part of the layer than the lower part in one embodiment,
the spacer layer has a graduated etch rate, decreasing from the upper to
the tower part of the law'. 100251The etch rate profile, for example, can
be controlled by doping the spacer ayer with an etch. rate controlling
(ERG) dopara. In one embodiment, the ERG dopants decrease the etch rate of
the spacer layer. For example, the FRG dopants densify the spacer layer to
decrease its etch rate. in one embodiment, the ERC dopant includes carbon.
Other types of ERG dopants are also useftil. Doping the spacer layer with a
combination of different ERG dopants are also useful. The &pants, for
example, can be incorporated into the spacer by an in situ Alternatively,
other processes, such as implantation, can he employed to incorporate the
dopants into the spacers, 100261The spacer, inent, comprises a graded
dopant profile to produce a higher etch rate at the op of the spacer than
at the bottom. For example, the spacer comprises a graded dopant profile
which is higher at the bottom of the spacer than at the top to produce the
desired sidewall profile. The graded dopant profile can be gradual or
stepped. [00271In alternative embodiments, the ERG dopants increase the
etch rate of the spacer material. For such application, the graded dopant
profile is higher at the top of the spacer than at the bottom to produce
the desired sidewall profile. [0028]A. dielectric layer 170 is disposed
over the substrate. The dielectric layer, for example, serves as an
interconnect dielectri.c (1CD) layer in. which. interconnects are formed,
For  exam le the dielectric separates the substrate and transistor from the
first metal level (MI). The dielectric layer can, for example, be silicon
oxide. Other types of dielectric materials are also useful, For xxample,
the dielectric layer can include doped silicon oxide such as fluorinated
silicon oxide (FSG), undoped or doped silicate glasses such as boron
phosphate silicate glass (BPSG) and phosphate silicate glass (PSG), undoped
or doped thermally grown silicon oxide, andoped or doped TEOS deposited
silicon oxide, and lo k or ultra low-k dielectric materials such as
organo-silicate glass (05(i) and porous low-k materials. Preferably, at
least  the DAD layer comprises a low-k or ultra low-k dielectric material.
[00291In one embodiment, the ICD includes lower and upper portions. The
lower portion 



serves as an Mitt-level dielectric (LLD) layer while the upper portion
serves as an intrametal dielectric (US4D) layer. The dielectric layer can
be a single layer or multi-layered stack. For example, a single layer can
he used to serve as both the LLD arid MID or separate layers arc used for
the LLD and [MD. In some case' an etch stop layer can be disposed between
the LLD and IMD. [00301An interconnect is fbrmed in the ICD layer. In one
embodiment., the interconnect includes a conductive line i74 in the upper
portion or INID While a contact 172 is disposed in the lower portion or
II.D. [he interconnect car, he formed from a conductive material, such as a
metal or alloy. In one embodiment, the interconnect can he copper,
aluminum, tungsten, their alloys, or a combination thereof. It is
understood that the contacts and conductive line can be the same or
different materials. The contact connects the conductive line to contact
regions below. As shown, the contact connects the conductive line to a
diffusion region or gate of a. transistor. Depending on the ICD level, the
contact region can be other type of contact regions, such as another metal
line. The IC can include numerous interconnects. [0031]By providing tunable
spacers, the footprint of the spacers can be maintained to achieve the
desired extension widths while increasing the gap between, for example,
transistors  to improve ga Mi. As such, tunable spacers improve performance
and reliability of devices. Furthermore, the improvements can easily be
integrated in current process flows since no additional masks are required.
100321Figs. 2a-g show an embodiment of a process for forming a IC 200..
Referring to Fig. 2a, a substrate 210 is provided. The substrate, in one
embodiment, comprises a p-type silicon substrate. Other types of
substrates, such as a germanium-based, gallium arsenide, insulator (SOD, or
sapphire substrate, are also useful. [00331The substrate is prepared th an
active reg.: 208 isolated by isolatio regions 280. The isolation regions,
for example, comprise Sifts. STIs include trenches formed in the substrate
using patterning techniques, such as lithography and etching. The formed
trenches are filled with a dielectric material. The dielectric material can
include silicon oxide or silicon nitride, Other types of dielectric
materials can also be used to fill the trenches. Various techniques, such
as chemical vapor deposition (CVD), can be used to form the dielectric
material to fill the trenches. Other typos of processes can also he used.
Excess dielectric material is removed, for example, by planarizing
techniques to le rt the STis. Various planarizing techniques can be
employed, such as chemical mechanical polishing (CMP). Other types of pi
atizing techniques are also useful. 



[00341A doped215 is formed. The doped well includes first type dopants. In
one embodiment, the first type dopants are p-type dopants which forms a
p-type doped well. The p-type dopants can include, for example, B. The
dopant concentration of the doped well, for example, is about 1E10 1E14
1cm2. Other concentrations are also usefiii. Ion implantation techniques,
such as implantation with a mask, can he used m form the doped well. Other
techniques are also useful.. in. other embodiments, the doped well may be
formed prior to forming the ST1s,  stack comprises a gate electrode 238
over a gate dielectric layer 33. Providing gate stacks with other types of
layers is also useful. The gate dielectric,for example, comprises silicon
oxide while the gate electrode comprises polysilicon. Forming a gate stack
with other types of gate dielectric and gate electrode materials is also
useful. To form the gate stack, various gate stack layers are formed on the
substrate and patterned using mask and etch techniques. The gate stack can
he a gate conductor which is a common gate fir a plurality of transistors.
The gate layers can be formed using various techniques. Such techniques,
for example, can include thermal oxidation and/or chemical vapor depon
(CVO). Other techniques are also useful. [0036]in one embodiment, LDD
regions 234a4b are formed in the active region of the substrate adjacent to
the gate stack, In one C311 bodiment, LOD regions comprise dopants of
second carrier type. For example, the LDD regions comprise n-type dopants,
such as P. As, Sb or a combination thereof; to form ri-type diffusion
regions. Alternatively, the LDD regions comprise p-type dopants to form
p-type diffusion regions. The LOD regions, for example, serve as
source/drain extension regions. The dopant concentration of the LOD regions
may be about E13-E1 D Proyidint, other dopant concentrationsLDD regions is
also useful. To form the LDD regions, ion implantation techniques can he
used. [00371To offset the LOD regions, an offset spacer is first formed. To
form the offset spacer, a dietecric layer 254 is formed over the substrate,
covering the gate stack and difiusion regions. The dielectric layer,for
example, comprises silicon oxide, silicon nitride or a combination thereof
Other types of dielectric materials are also useful. Various techniques,
such as CV!), can be employed to form the dielectric layer. The dielectric
layer is patterned by, for example, RIE, to remove horizontal portions
thereof, leaving it remaining on the sidewalls. The LDD regions are formed
after forming the offset spacers.  the LDD regions are formed after
patterning the gate stack. [0039]In one embodiment, an etch stop layer (not
show is formed on the subsfrae. In one 



embodiment, the etch stop layer serves as an etch stop below the
subsequently formed space The etch stop layer, in one embodiment, comprises
silicon oxide. The etch stop layer can he fo&xned by, for example, thermal
oxide. Other processes for forming the etch stop layer, such as PEGVD,
LPGVD, ALD or RTCVD, are also useful, [0040]As shown in Fig. 2b, a spacer
layer 252 is formed over the offset dielectric layer. The spacer layer, for
example, comprises silicon nitride. Other types of dielectric materials are
also usetid. In one embodiment, the spacer layer comprises LIM silicon
nitride. For example, the FIGD layer can he formed at a temperature of
about 500-600'G, pressure of about 0.2-03 Ton; HCD flow of about 20-80
'3COM and NH3 flow of about E5-2 SLM. The thickness of the spacer layer may
9C for example, about 100-400A, Other process parameters d thicknesses are
also useful. 10041]in one embodiment, the spacer layer comprises an etch
rate gradient from a tunable process, such as an isotropic or wet etch. The
etch rate gradient is higher at the upper portion of the spacer layer than
at the bottom. For example, the etch rate at the top is about 50% greater
than at the lower portion. Other etch rate differentials are also useful.
The etch rate gradient can be gradual or in steps. In other embodiments,
the layer can have different etch rate gradients. The etch rate gradient is
selected to achieve the desired spacer profile, 100421In one embodiment,
the gate sidewall spacer layer comprises ERG dorrnt- [none embodiment, the
ERG dopants comprise carbon. Other types of ERG dopants are useful. Doping
the spacer layer with a combination of different ERG depants are also
useful. In one embodiment, the ERC &pants decrease the etch rate of the
spacer layer. For example, the ERG dopants density the spacer layer to
decrease its etch rate.  process, For example, during fbrmation of the
spacer layer, dopant source can he provided. For example, carbon dopant
source, such as C2H4 or CH4 can be provided. Other types of dopant or
carbon dopant sources are also uselnl. The flow rate of C2114 maybe about
0.5-1 SIM while CH4 can be about 1-2 SLM. Other flow rates are also useful.
In other embodiments, the dopants may be incorporated by other processes,
such as implantation. [0044]In. aitcrnative embodiments, the ERC d.opants
increases the etch rate of the spacer layer. WWIRefercing to Fig. 2c, the
spacer layer is patterned to form preliminary sidewall spacers 



251. The spacer layer patterned by an anisotropie etch, such as a reactive
ion etch (ME). The etch removes horizontal portions of the layers,leaving
preliminary sidewail spacers. in one embodiment, the etch is selective to
the offset dielectric layer. This leaves the offset dielectric layer
covering the gate stack and substrate. (00461In Fig. 2d, a spacer tuning
process is performed. In one emboant, the tuning process forms spacers 250
with the desired profile. The tuning process, fbr example, comprises an
isotropic etch, such as a wet etch. The tuning process can be performed at
room temperature. In one embodiment, ti tuning process comprises a wet etch
in DHF chemistry. The DHF can be about 300:1 DI water to ITIF solution.
Other types of etch chemistry may also be useful, f00471As shown in Fig.
2e, the etch stop layer is patterned to expose the active region adjacent
the tunable spacers and STIs. For example, the etch stop layer is patterned
by an etch, such as ardsotropic dry etch. Diffusion regiona-b are fonited
in the exposed active region. The diffusion regions comprise second tvne do
pants. .one embodiment, the diffusion regions comprise a dopant
concentration of about E13-El5 and have a depth. of about 100-400A. Other
dopant concentrations and depths are also useful. Ion implantation
techniques can be employed to form the diffusion regions.  [0048]As shown
in Fig, 2f, metal suicide contacts 245 can be formed on the gate electrode
and diffusion regions. The :metal silicide contacts, for example, comprise
nickel silicide contacts. Other types of metal suicide contacts arc also
useful. To form the metal silicide contacts, a metal layer is formed on the
substrate and annealed to cause a reaction with, the silicon substrate.
Unreacted metal is removed, leaving the sUicide contacts. 100491in one
embodiment, a contact etch stop layer 260 is tbrmed on the substrate,
covering the transistor. The etch stop layer, for example, comprises a
dielectric material such as silicon nitride, Other types of dielectric
materials are also useftil. In one embodiment, the etch stop layer may
comprise a first stress for enhancing carrier mobility in the channel of
the transistor. For example, a compressive etch stop layer is formed over a
p-typc transistor while a tensile etch stop layer is formed over a ri-type
transistor. Other configurations of etch stop layer- arc also useful.
[00501As shown in Fig. 2g, a dielectric layer 270 is deposited over the
substrate, covering 



the transistor. The dielectric layer, for example, comprises a low-k (LK)
or ultra low-k (UL,K) dielectric material. Various types of LK or ULK
materials, such as organo-sibcate glass (OSG) and fluorine-doped silicate
glass (FSG), can be employed. Other types of dielectric materials are also
useful. For example, the dielectric layer can comprise silicon oxide, doped
silicon oxide such as fluorinated silicon oxide (FSG), undoped or doped
silicate glasses such as boron phosphate silicate glass (BPSG) and
phosphate silicate glass (PSG), undoped or doped thermally grown silicon
oxide, undoped or doped TEOS deposited silicon oxide, 10051jThe dielectric
layer serves as an ICD layer in which interconnects are formed. The
dielectric layer maybe a single dielectric layer or multiple layers,
depending CM interconnect integration scheme employed. The dielectric layer
or layers can be deposited using various types of deposition technique- For
example, chemical vapor deposition (CVD) processes such as plasma enhanced
(FECVD), high density (HDCVD), atmospheric pressure (APCVD), or a
combination thereof can be used. Other techniques such as spin-on processes
are also uschtl. The specific process, for example, can depend on the type
of material used and application. By providing tunable spacers, gap fill of
the dielectric layer is improved, [0521The process continues to complete
fabricating the IC. For example, the process continues to form
interconnects and additional interconnect levels. passivation layer,
dicing, assembly and packaging. [00531Fig. 3 shows a plot 300 of etch rates
in 300:1 0171F versus C7114 flow used to form carbon doped HCD dielectric
layer. The flow of C2114 con-esponds to dopant concentration of the carbon
doped HCD layer. The graded dopant profile can be tailored to achieved the
desired differential etch rates in the spacer layer to produce the desired
spacer sidewall profile. [00541The invention may he embodied in other
specific forms without departing from the spirit or essential
characteristics thereof. The foregoing embodiments, therefore, are to he
considered in all respects illustrative rather than limiting the invention
described herein. Scope of the invention is thus indicated by the appended
claims, rather than by the foregoing description, and all changes that come
within the meaning and range of equivalency of the claimsintended. to be
embraced therein.  What is claimed is; 



A method for forming a device comp providing a substrate with an active
region, the subs. ate is prepared with a gate;         forming sidesvall
spacers on sidewall Nile Rare, wherein a portion of the spacers is
processed to produce an etch rat differential between the processed portion
and an unprocessed portion of the spacers; and         performing a
tuningprocess on the spacers to produce a desired profile based on the etch
rate differential of the processed and unprocessed. portions of the
spacers. The method of claim 1 wherein forming the d,ewall spacers
comprises: depositing a spacer layer to cover the substrate iirid gate; and
patterning the spacer layer to remove horizontal components, leaving s dew.
11 spacers on the sideveall of the gate.  3. The method of claim 2 wherein
the sidewall spacers comprise hezochlorosilatie WEI silicon nitride.  4. A
method for funning a device comprising: providing a substrate with an
active region, the substrate is prepared with a gate;         forming
sidewall spacers on sidewall of the gate, wherein a portion of the spacers
is doped with etch rate controlling (ERG) dopants to produce an etch rate
differential between the doped portion and an undoped portion of the spa
nirtg process; and performing the tuning process on the spacers to
produceiired profile based on the etch rate differential of the doped and
undoped portions of the spacers. 



S.The method of claim 4 wherein: the ERZ. dopants comprise carbon; and the
sidewall spacers comprise bezochlorosilarie (FWD) silicon nitride.
The method of claim 2 wherein the spacer layer comprises an etch rate
differential between the processed portion. and unprocessed portion in the
tuning process.   7. The method of claim 6 wherein the etch rate
differential comprises an etch rate in the unprocessed portion which is
higher than an etch rate in the processed portion.  8. A method for forming
tunable sidewall spacers comprising: providing a substrate having a feature
thereon; forming a dielectric layer on the substrate covering the feature;
patterning the dielectric layer to form sidewall spacers;       doping a
portion of the sidewall spacers with etch rate controlling ERC) dopants to
produce an etch rate differential between the doped portion and an undoped
portion in a tuning process; and       processing the sidewall spacers to
form spacers with a desired profile based on the etch rate differential of
the doped and undoped portions of the spacers. 9,The method of claim 8
wherein the dielectric layer comprises hexochlorosilane (FICD) silicon
nitride. 



10. The method of claim I wherein forming sidewall spacers comprises doping
the sidewall spacers with etch rate controlling (ERC) &pants,  11. 'The
method of claim 10 wherein the ERC dopants comprise carbon.       The
method of claim 8 wherein the dielectric layer comprises an etch rate
differential between the doped portion and undoped portion in the tuning
process.  13. The method of claim 12 Wherein the etch rate differential
comprises an etch rate in the undoped portion which is higher than an etch
rate in the doped portion.  14. A method for forming a device comprising:
providing a substrate with an active reLnon, the substrate is prepared with
a gate;       forming sidewall spacers on sidewall of the gate, wherein a
portion of the spacers is doped with etch rate controlling (ERC) dopants to
produce an etch rate differential between the doped portion and an undoped
portion of the spacers in a tuning process;       pertbrining the tuning
process on the spacers to produce a profile wherein a width of the spacers
in the undoped portion is reduced at a in-eater rate than the doped
portion; and wherein the sidewall spacers comprise;  an initial width ratio
before performing the tuning process on the spacers;        a final width
ratio after performing the maine process on the spacers, where the initial
width ratio is greater than the final width do; and        wherein the
width ratio is equaled to the width of the imd.oped portion of the spacers
divided by the width of the doped portion of the spacers. 



15. The method of claim 14, wherein the initial width ratio is greater than
the final width ratio by about 0.1 to about 0.9.  16. A method for forming
a device comprising: providing a substrate with an active region, the
substrate is prepared with a gate; forming sidewall spacers on sidewall of
the gate; doping a portion of the sidewall spacers with etch rate control(
'1dopants to produce an etch rate differential between the doped portion
and an undoped portion of the spacers in a tuning process. and performing
the tuning process on the spacers to produce a profile wherein a width of
the spacers in the undoped portion i.s reduced at a greater rate than the
doped portion;       wherein the performing the tuning process comprises
reducing the =loped portion about 50% faster than the doped portion.  17.
The method of claim 10, wherein the ERC dopants are configured to reduce
the etch rate of the spacers.  18. The method of claim 3.6, wherein the
doping a portion of die side 11 spacers comprises doping in situ.  19. A
method of liwEning a device which comprises: forming a gate on a substrate:
forrnitie a dielectric on the gate; forming a spacer on the sidewall of the
gate; 



doping the spacer with dopants, wherein the dopants are configured to
reduce the etch rate of the spacer; and         after fanning the spacer,
etching the spacer to produce a spacer profile in which a slope at an upper
portion of the spacer is steeper than at a lower portion of the spacer,
wherein the upper portion of the spacer is etched at a greater rate than
the lower p of the snace 20.A method of forming a device which comprises:
forming a gate on a substrate; forming a dielectric on the gate; forming a
spacer on the sidewall of the gate;        doping the spacer with dopams,
wherein the dopants are configured to reduce the etch rate the spacer; and
after forming the spacer, etching the spacer. whereinupper pctrtion of the
p ter is etched greater rate than a lower portion of the spacer: *herein
the spacer comprises: an initial width ratio before etching the spacer; a
final width ratio after etching the spacer, wherein the1 width ratio is
greater than the final width ratio; and 



wherein the width ratio is equal to, the width of the upper portionhe
spacer divided by the width of the lower portion of the spacer. The method
of claim I wherein the tuning process includes an isotropic etch. 22. The
method of claim S wherein Drocesshag the sidewall spacers includes an
isotropic 23. The method of claim 19 wherein the etching the spacer
includes an isotropic etch. 


