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).
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dielectric layer using, for example, damascene techniques. A damascene
structure, for example, includes BHGEREMAR hole in a lower portion and a

h ich is generally wider than the contact hole in an.upper portion.
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[0002] As critical dimensions (CD) continue to shrink, gaps between gates of
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nother embodiment, a method for forming a tunable sidewalls spacers is
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the dielectric ayer Is patterned to form tuna iaewall spacers.
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SUMMARY
[0003] Embodiments generally relates to semiconductor devices. In 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 are 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
portion.
[0004] In another embodiment, a method for forming a tunable sidewalls spacers is
disclosed. The method includes providing a substrate having a feature thereon. A dielectric
layer is formed on the 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.



than a lower portion in a tuning process. 1 [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
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the spacers_ in the upper portion is [educid at a greater rate than the lower
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embodiments described herein are not mutually exclusive and can exist in

oNalipHICAmRIRALQRS paRdPermutations. BRIEF DESCRIPTION OF THE
DRAWINGS [0007] In the drawings, like reference characters generally refer
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[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:
[0008] Fig. 1 shows a cross-section of a portion of an embodiment of an IC;
[0009] Figs. 2a-g shows an embodiment of a process for forming an IC; and
[0010] Fig. 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 ICs. 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



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,
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microcontrollers, system-on- chip, as well as other types of devices, such as
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includes a substrate 110. The substrate comprises a semiconductor material,
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overlaps the bottom of the STls. [0014] A transistor 130 is disposed in the
thegddee region. The transistor, for example, is a

[0013] Isolation 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
1500 — 4500 A. Other depths are also useful. The doped well typically overlaps the bottom of
the STTs.

[0014] A transistor 130 is disposed in the active region. The transistor, for example, is a
field effect transistor (FET). The transistor may also be 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.



field effect transistor (FET). The transistor may also be 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 '
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which forms a plurality of transistors having a common gate. 3 [0015] In one
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stack with othertypes of gate electrode and gate dielectric materials are also
alssefuh[0016] Offset spacers 156 may be provided on sidewalls of the gate
stack. The offset spacers are employed, for example, in applications with
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creating an offset to locate the LDD extensions away from the gate or poly
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combination thereof, can be used to form the offset spacers. Other types of
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offset spacers is selected to have etch selectivity with the sidewall spacers.
sidewall spacers are disposed on the offset spacers. The sidewall spacers are formed from a

dielectric material. In one embodiment, the dielectric material, for example, can be silicon
nitride. In one embodiment, the sidewall spacers comprise doped silicon nitride. In one
embodiment, the spacer comprises doped hexachlorosilane (HCD) silicon nitride. Other types of
dielectric materials are also useful. In one 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 regions 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 dopants, such as P, As, Sb or a combination thereof, to form a n-type transistor.
Alternatively, a p-type transistor can be formed on the n-type well. The dopant concentration of

the diffusion regions is about E13-E15, with a depth of about 100-400A.



[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 regions include second type
charge carriers. This produces a second type transistor on the first type
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under the spacers. Metal silicide contacts 145 can be provided on the top of

cdhegaieand diffusion U%Qlﬂi}@ iRcresiuesanealsesigtance. The silicide
contacts, for example, are nickel or nickel alloy silicide contacts. Other types
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SI spacers have an initi with an upper wi e upper
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width forms, for example, the footprint of the sidewall spacers. The footprint,
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[0022] The tunable sidewall spacers have an initial profile with an upper width Wyy in the
upper portion and an initial lower width Wy in the lower portion 154a. The lower width forms,
for example, the footprint of the sidewall 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 100—4001&. 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 Wgy can be thinner than the
final width in the lower portion WgL. The profile of the spacers can be tuned by a tuning
process, such as an isotropic etch. The isotropic etch, for example, can be a wet etch.
[0023] In one embodiment, the tunable sidewall spacers comprise a profile with an initial

width ratio Wy/Wi, or Wir which is greater than the final width ratio Wry/Wpr or Wer.  In one

embodiment, Wir is greater than Wgg by at least about 0.1 - 0.9. Other values by which Wi is



width of the extension regions of the diffusion regions. The width of the lower

portion of the spacers, for example, is about 100-400A. 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,
eREriRPWat A REURSIEE Bortibis Weengticarmel ShanBRrEneAmibapse) o
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gradual, for example, decreasing less and less from the top to the bottom of
spiegajersiackh{@z24{chhapiofileuppdhpatucBiblel sjdeivall tip &oeEs piiit ONeone

embodiment, is produced by providing the spacer layer with different etch or
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such as wet etching. In one embodiment, the etch rate profile of the spacer
Pagydithalaehigher 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
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spacer layer with a combination of different ERC dopants are also useful.
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process.
useful. The dopants, for example, can be incorporated into the spacer by an in-situ process.
Alternatively, other processes, such as implantation, can be employed to incorporate the dopants
into the spacers.
[0026] The spacer, in one embodiment, comprises a graded dopant profile to produce a
higher etch rate at the top 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.
[0027] In alternative embodiments, the ERC 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 dielectric (ICD) layer in which interconnects are formed. For



Alternatively, other processes, such as implantation, can be employed to
incorporate the dopants into the spacers. [0026] The spacer, in one
embodiment, comprises a graded dopant profile to produce a higher etch
rate at the top of the spacer than at the bottom. For example, the spacer
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170is dlsposed over the substrate. The dielectric layer, for example, serves
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For 6 example, the dielectric separates the substrate and transistor from the
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Other types of dielectric materials are also useful. For example, the dielectric
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undoped or doped silicate glasses such as boron phosphate silicate glass
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ti-layered stack. For example, a single layer can be used to serve as both
fotihﬂel H—Qﬁﬁﬂ IMB. oms@Ra alelaXR EScBIQIpIBFLr can be disposed between the ILD and
IMD.
[0030] An interconnect is formed in the ICD layer. In one embodiment, the interconnect
includes a conductive line 174 in the upper portion or IMD while a contact 172 is disposed in the
lower portion or ILD. The interconnect can be formed from a conductive material, such as a
metal or alloy. In one embodiment, the interconnect can be 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



for the ILD and IMD. In some cases, an etch stop layer can be disposed
between the ILD and IMD. [0030] An interconnect is formed in the ICD layer.
In one embodiment, the interconnect includes a conductive line 174 in the

upper portion or IMD while a contact 172 is disposed in the lower portion or
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FurihtTPRNn, G HGRIANCHRAN A& P BBt TR SET TS 8%&%‘%‘688

cfﬁ?t th contacts and c??]nductlve line can be the same or different materials.

10na S arc re . . .
e con conne e conductive line to contact regions below. As

(09391 %}@&95‘%&&9 ARERISHIM SRR UGHYE IR I AR %@'Oﬁe‘?érﬂﬁéeto Fig.

of a transistor. Depending on the ICD level, the contactregion can be other
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numerous interconnects. [0031] By providing tunable spacers, the footprint of
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increasing the gap between, for example, transistors 7 to improve gapfill. As
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Furthermore, the improvements can easily be integrated in current process
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embodiment of a process for forming an IC 200. Referring to Fig. 2a, a
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using patterning techniques, such as lithography and etching. The formed
adt@eehes alsofitlepbsition (CVD), can be used to form the dielectric material to fill the
trenches. Other types of processes can also be used. Excess dielectric material is removed, for
example, by planarizing techniques to form the STIs. Various planarizing techniques can be
employed, such as chemical mechanical polishing (CMP). Other types of planarizing techniques
are also useful.
[0034] A doped well 215 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 /em®. Other concentrations are also useful. Ton implantation
techniques, such as implantation with a mask, can be used to form the doped well. Other

techniques are also useful. In other embodiments, the doped well may be formed prior to

forming the STIs.



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 types of
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oped well. The p- type dopants can include, for example, B. The dopant
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techniques are also useful. In other embodiments, the doped well may be
cdotmedqorioridndforminghtizer §ditsn&n 9038 5 ehdvadiityeof eguoisisrprdjargdeddsiers

a gate stack 232. In one embodiment, the gate stack comprises a gate

cagl betioyie P BN eriquydeshaiaiestrieuely CepBRuPrbvidiienplate atargtadgiiermal

other types of layers is also useful. Theé?)ate dielectric, for example,

OB ABY & S 53] 2P KB BB A A BRS8N
Forming a gate stack with er types of gate dielectric and gate electrod
o ot e e A e AT 18 DR e

rmed on the substrate an tterned using m nd.etch techniques. Th
WAMRGANIR SelAIC AL ARG D AR AN GlEL AN B TOE

se@&'ilfl_%‘i‘?i%?-tgg&‘? gaielayels G21.PD ﬁ@%ﬁﬂﬁ‘?e&!ﬁiﬁﬂsﬂ?@ﬂé dEHAMIAURS: RSB, Sb
techniques, for example, can include thermal oxidation and/or chemical
oVARSHBIeRAsitindSEMP ot Rk e ChiTigURAS & RISA lsahulvely, the LDD regions
comprise p-type dopants to form p-type diffusion regions. The LDD regions, for example, serve
as source/drain extension regions. The dopant concentration of the LDD regions may be about
E13-E15. Providing other dopant concentrations for the LDD regions is also useful. To form
the LDD regions, ion implantation techniques can be used.

[0037] To offset the LDD regions, an offset spacer is first formed. To form the offset spacer,
a dielectric layer 254 is formed over the substrate, covering the gate stack and diffusion 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 CVD,
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.



[0036] In one embodiment, LDD regions 234a-b are formed in the active
region of the substrate adjacent to the gate stack. In one embodiment, LDD
regions comprise dopants of second carrier type. For example, the LDD
regions comprise n-type dopants, such as P, As, Sb or a combination
m@?&%of, o s6erRaH sy pRRAISBT RigiBhPate AfaveleiRe LD YelyfipRodiments,
comprise p-type dopants to form p-ty&)g diffusion regions. The LDD regions,

the RGNS SEiRrmes Al PalFAIRS RTS8 gions. The dopant

entration of the.LDD regions may be about E13-E15. Providing.other
30E e dR eRe Sntadiment AECRSORRA2E At T ForRied i b TR, tn one

eHBYIRRRNIOMITRIARIBIQNIRCRRIANES Gan p[%}yﬁggw[%Q%ZI)gEau%Hﬁ§if5ﬂﬁeldQBcers.

regions, an offset spacér is first formed. To form the offset spacer, a

TRiQleRtisavRE 254 s farpaseretdin sulsials: saverinadbrigats stack ande

diffusion regions. The dielectric layer, for example, comprises silicon oxide,
fositie@Bynitside Onsl G anahinatioide Mefeshroitire sypesafidiciecttit naanals are as

also useful. Various techniques, such as CVD, can be employed to form the
PieVérttie(ayler ATheod RIECK IR, layetss pattérned by, for example, RIE, to

remove horizontal portions thereof, leaving it remaining on the sidewalls. The
(00D rediopkozteifdriaeth afterafsirirey 2ae bifeenaparwrdeeipoadplestric layer. The

alternative embodiments, offset spacers are not needed. For such

SRaRTH Y ﬁﬁéﬂ‘@,"%‘ﬁ@“&rﬁ%&gﬁ%ﬁé% ftrded Qrest gﬁ?ﬁe?iﬁl ﬁ‘i@l?ﬂgi}%%a@? e also
0039] In one bodiment, an efch stop layer shown) js.formed on th
o T R e e OB E e SR B ek tmpe: the
w the subsequently farmed spacers. T, top.layer, in.on
HEE A RISl e SRAC o I B0 BRSHE P02 0.3 Tor,

19 SRR HSNG) @idenPRIG! RERCHSRRRIPSOTGNING thEEIFRGIRP JAYR spacer
such as PECVD, LPCVD, ALD or RTCVD, are also useful. [0040] As shown
laifeFilehy 2R, ﬁ)ﬁ@@ﬁﬁﬁl@ﬁ@élﬂﬁadﬂw&l@tl%ﬁfréb@s@gﬁﬁﬁlg{@?%ﬁq}lm&&@@re also
useful.
[0041] 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.
[0042] In one embodiment, the gate sidewall spacer layer comprises ERC dopants. In one
embodiment, the ERC dopants comprise carbon. Other types of ERC dopants are useful.
Doping the spacer layer with a combination of different ERC dopants are also useful. In one

embodiment, the ERC dopants decrease the etch rate of the spacer layer. For example, the ERC

dopants densify the spacer layer to decrease its etch rate.
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spacer layer, for example, comprises silicon nitride. Other types of dielectric
materials are also useful. In one embodiment, the spacer layer comprises
HCD silicon nitride. For example, the HCD layer can be formed at a
temperature of about 500-600C, pressure of about 0.2-0.3 Tort, HCD flow of
wgﬂ%ﬁt 208049PaRkS al N NP RAB DS IRAFACELISR AR thhPRTERNEE S bR HB Situ

spacer_layer may be, for example, about 100-400[, Other process _
pr|88?§\smEPér?‘%fﬁHl?hf%{H’@s@é@aé@%@elﬁB%‘fﬁﬁ.115ﬁ4§?1fﬁ“6ﬁ%‘§ﬁ1536’ol?ﬁ1%rﬁﬁlgﬁg' For

spacer layer comprises an etch rate,gradient from a tu le .process, h
exapm (‘ie,.cal}éon O aR{S Ué(fghSl]fE g.Se%&T:{?r g]igg? a(lélrglr)ﬁ Pl‘ V1 H Ot%ﬁrgyd)es (%u cﬁ)pant or

as an’isotropic or we s higher a pper

cRSHM R 0% RAGRT JRY GLIRAN ARG D OHO B o, SRR oD St [ A Hile

the top is about 50% greater than at the lower portion. Other etch rate

cHifferentighs @re 2koviselnkr g eieh rtagsadient aandke Srmduah@iidNhe dopants

steps. In other embodiments, the layer can have different etch rate gradients.
manbedicifaiatgdagietispselestadsielaghigyetieicesired spacer profile.
[0042] In one embodiment, the gate sidewall spacer layer comprises ERC
[08dpants]dnlemeatembobiidient) tthEFRC dopantscoeagrisbecach oxie OftHerspacer
types of ERC dopants are useful. Doping the spacer layer with a
laggimbination of different ERC dopants are also useful. In one embodiment,
the ERC dopants decrease the etch rate of the spacer layer. For example

(45 E R CReIBSEIO dihty IHe RSEED Reye PO e sistitipags Sifgwall spacers
043] The d ts, f le, be | dintoth [
2 AT AR TR BRI P A TR 7o S0 AU . The
t b [ ) | bon d t h
o B e R SR R ROATHEE e

erﬁ%{iﬁﬁéﬁ}ﬁ‘ﬁ@é&% %Sfeflg!:titg?oﬂggvofﬁt& &&EQ&H@ 15Ney %l@%%soﬂ% l)fﬁLerielectric

while CH4 can be about 1-2 SLM. Other flow rates are also useful. In other
1a§¥nbediments the danants stayake incorporated by other processes, such as

implantation.
[0046] In Fig. 2d, a spacer tuning process is performed. In one embodiment, the tuning
process forms spacers 250 with the desired profile. The tuning process, for example, comprises
an isotropic etch, such as a wet etch. The tuning process can be performed at room temperature.
In one embodiment, the tuning process comprises a wet etch in DHF chemistry. The DHF can
be about 300:1 DI water to HF solution. Other types of etch chemistry may also be useful.
[0047] As 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 anisotropic dry etch. Diffusion regions 235a-b are formed in the exposed active region.
The diffusion regions comprise second type dopants. In one embodiment, the diffusion regions
comprise a dopant concentration of about E13-E15 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.
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[0044] In alternative embodiments, the ERC dopants increases the etch rate

of the spacer layer. [0045] Referring to Fig. 2c, the spacer layer is patterned

to form preliminary sidewall spacers 251. The spacer layer is patterned by

an anisotropic etch, such as a reactive ion etch (RIE). The etch removes
[09dBil ontassBPTEhE Stand |gyrerssiliciding et S svanspatirgatmelisaode
embé%di,ment,,the etch is selective to the offset dielectric layer. This leaves the

IS AER Yy o CSRTMEC R YAt Krdlk BHERLSRE faude] ieide contacts.
d. a spacer tuning process is performed. In.ane embpadiment, the tuni
O B A R R ARl BT 5 s e

2GSRI R EPIIRAISESHs AR SARIORIR AlCNo G ASANER SHR NS YA O strate.

process can be performed at room temperature. In one embodiment, the
UHBIBE PRREASS caBRIiSes anvehelaltif Rétmalhemistry. The DHF can be

about 300:1 DI water to HF solution. Other types of etch chemistry may also
[Oog9)sefuh JROIbAsshowdntdge@e sthiel efeh2sdp fapasdspaitarinsdde, covering

expose the active region adjacent the tunable spacers and STIs. For
thexaumpiertHiEhetebhstop layeer fior padtepire ddmypareetoticlstoh agteniseirbpicsdiyon

etch. Diffusion regions 235a-b are formed in the exposed active region. The
nigiffasiomeetipesotdivipeise Batvids palsopuwhts. 1n orccawsbaiie e geh stop

diffusion regions comprise a dopant concentration of about E13-E15 and

lapeh %y AIBRRIST abBhtUto [2DeANAEHE CHBFMP RS EhasBI S G iryistor

are also useful. lon implantation tech ﬁ%ues can be emglo ed to f%rg? the
[ il S

PR ENE LY Yob A 8 LRSTIR TTErY. OF B RSTEIBE s Rl dapgte tch

can be formed pn the lgrflte e[Iectrqde Hld diffusion regiori;s -Eh? tal silicide
StO %CI’ 1S I'med OvVer, a -gﬁ? Tansistor. ? T COI tguratlo S O Ctﬁ Sto a CI‘? arec a 10
contacts, for example, comprise nickel silicide contacts. Other types of meta

uSiHigide contacts are also useful. To form the metal silicide contacts, a metal
layer is formed on the substrate and annealed to cause a reaction with the

(09GP SURSHAE: 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 (ULK)
dielectric material. Various types of LK or ULK materials, such as organo-silicate 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.

[0051] The dielectric layer serves as an ICD layer in which interconnects are formed. The
dielectric layer may be a single dielectric layer or multiple layers, depending on interconnect
integration scheme employed. The dielectric layer or layers can be deposited using various types
of deposition techniques. For example, chemical vapor deposition (CVD) processes such as

plasma enhanced (PECVD), high density (HDCVD), atmospheric pressure (APCVD), or a
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Unreacted metal is removed, leaving the silicide contacts. [0049] In one
embodiment, a contact etch stop layer 260 is formed 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
cop@imésderer! ribhe Wt SYAeREhHe stcH SRR RISSF SRl wUfpsel
stress for enhancing carrier mobijlity in the channel of the transistor. For .
TRSERRPIE A S plYSEtB Rt AR P bz o SVEr S b p a1 meiLigion- By
while,2 tensfe sich, siop aver s, formed over anybe rgnsistor. Other
Pigon |g‘%1ra jons 6f etchs op layers are aﬁrso use uf."{ 0501 As shown in Fig. 29,
(0B EHPIeCiG IBNRLE LR ARRPASUSH M TR SHRE RIR, CRYPLDMh SRe ARSI
The dielectric layer, for example, comprises a low-k (LK) or ultra low-K (ULK)
cHHigiRelris mﬂqgﬁkcyﬁfé%%ﬁﬁ%aiﬁf)ﬁ&fiﬁfeHHﬁéB@l@réﬁ{Spﬁb'ﬁQtﬁﬁ layer, dicing,
organo-silicate glass (OSG) and fluorine-doped silicate glass (FSG), can be
aeenpinyed. fatheritgpes of dielectric materials are also useful. For example,
the dielectric layer can comprise silicon oxide, doped silicon oxide such as
[0P&3linate sHlidowexiplet(FH6E] cwhdepe thai0ddpeH SN oate GlHssksvauset mgorm
boron phosphate silicate glass (BPSG) and phosphate silicate glass (PSG),
caipribfreng bHEEhdalerigiaiRy- JresnirilidSnldxidacemidpudopabsepcqrraon of
deposited silicon oxide. [%?51] The dielectric layer serves as an ICD layer in
f

g FAEHP SR8 HHGRH S5, o SeoPHSPBTLSERIE ) BF e Aighsd the desired
dielectric | .multiple | , d di int t.int ti

D A S AR

RIS YRR B SPasBDREORIRNS, o RIAIAI ENEIGR KaROh fom v

()
eposition ( processes such as plasma enhanced

SEENS R ERE MR ALRRRRHG PragiUtRORe Mo Al e GRIRIRALIRN, be

thereof can be used. Other techniques such as spin-on processes are also
coiseftted ThRIsRstc Pracesse fRiRxamplantal SRRANG QI QIR Bbrein. Scope
material used and application. By
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 claims

are intended to be embraced therein.
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providing tunable spacers, gap fill of the dielectric layer is improved. [0052]
The process continues to complete fabricating the IC. For example, the
process continues to form interconnects and additional interconnect levels,
Wpassivat_ion layer, dicing, assembly and packaging. [0053] Fig. 3 shows a
Hti30iBEdch rates in 300:1 DHF versus C2H4 flow used to form carbon
doped HCD dielectric layer. The flow of C2H4 corresponds to dopant
concentration of the carbon doped Igr&ﬁul\g%r. The graded dopant profile can
| be tagorrne(aj%?11 ?(g:qjeved th(;1 desired differential etch rates in the spacer layer

10 produge e éegfrnenél%f‘)ag\élrc Sidewal 1B%(:)file. [0054] The invention may be

eGSO SRR DM IR ROM G, S8 T Gapente!

characteristics thereof. The foregoing embodiments, therefore, are to be
consigargsbinalliesnrets:ilsirtive wierthanmiting the invention

described herein. Scope of the invention is thus indicated by the appended
claimssrratigieth aumbig iectstegaingpdessriippanivand g thangesihattoonene
within the meaning and range of equivalency of the claims are intended to be
spenebr acedwh@nepnrtd Wiratiis Claimechist GleAMS: 1dwAr pretivod 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;
and performing a tuning process on the spacers to produce a profile wherein
Z\width!df ﬂﬁéthggé’éé}%“i“h arhsppRfsBtRgihs YaavRR SPAE S iwiaRsistsite than a
lower portign. 2. The method of clag\;m 1 wherein forming the sidewall spacers

compBaY MEh R XL SRRV S IS Wit €4tiiiate and gate: and

patterning the spacer layer to remove horizontal components, leaving sidewall spacers on

the sidewall of the gate.

3. The method of claim 2 wherein the sidewall spacers comprises hexochlorosilane (HCD)

silicon nitride.

4. The method of claim 2 wherein the sidewall spacers comprise HCD silicon nitride doped
with etch rate controlling (ERC) dopants to produce an etch rate differential between the upper
portion and lower portion in the tuning process.

5. The method of claim 4 wherein the ERC dopant comprises carbon.

6. The method of claim 2 wherein the spacer layer comprises an etch rate differential

between the upper portion and lower portion in the tuning process.
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patterning the spacer layer to remove horizontal components, leaving
sidewall spacers on the sidewall of the gate. 3. The method of claim 2
wherein the sidewall spacers comprises hexochlorosilane (HCD) silicon
nitride. 4. The method of claim 2 wherein the sidewall spacers comprise HCD

7-silicohhqitAgB Yo Wit ORRIpahE BGATBAIAYTERE eRIBRIES 1 Stotiteiathe
etch rate differential between the upper portion and lower portion in the

URPiRGHPOCHES & HRRCHIBIAGA BRIl L WHENSRRAY ¥R C dopant comprises

carbon. 6. The method of claim 2 wherein the spacer layer comprises an etch
rate differential between the upper portion and lower portion in the tuning

8 Processy 4 16 MARH MM AMNPRIGU G Algh rate differential

comprises an etch rate'in the upper portion which is higher than an etch rate

in the,jovi@hpartieRu&e Aangthrd ferferpéag; tunable sidewall spacers
comprising: providing a substrate having a feature thereon; forming a

dielectrigilayenerdit sRstatBcaweting dhefaatitierandsatierning the
dielectric layer to form tunable sidewall spacers, wherein a width of the
spaceagamang Uppkel poriednayis redoroe diedbdegrdatet] e dtyamizetonve vpdittiofthe
in a tuning process. 9. The method of claim 8 wherein the dielectric layer
SREGRRpHISESIPIC DPSIliearisiitfiere d PO Teatph stfobofaclenrar @iy éirf (aing process.
dielectric layer comprises HCD silicon nitride doped with ERC dopants to
produce an etch rate differential between the upper portion and lower portion

% comp A LS TREHRINGS O el AGhEHER Che eI SRy

layer comprises an etch rate

10.  The method of claim 8 wherein the dielectric layer comprises HCD silicon nitride doped
with ERC dopants to produce an etch rate differential between the upper portion and lower

portion in the tuning process.
11.  The method of claim 10 wherein the ERC dopant comprises carbon.

12. The method of claim 8 wherein the dielectric spacer layer comprises an etch rate

differential between the upper portion and lower portion in the tuning process.

13. The method of claim 12 wherein the etch rate differential comprises an etch rate in the

upper portion which is higher than an etch rate in the lower portion.

14. A device comprising:

a substrate with an active region;
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differential between the upper portion and lower portion in the tuning process.
13. The method of claim 12 wherein the etch rate differential comprises an
etch rate in the upper portion which is higher than an etch rate in the lower
portion. 14. A device comprising: a substrate with an active region; 15 a gate
dispod&atiftrrRossetiveheibie HsiPhinable sidewall spacers on sidewalls of
the gate, wherein a profile of the tupnable sidewall spacers comprises upper
and IBWAVSSHFSHY APAERRANIIEE D10 Lp ARG i 1B %Bi?gﬁle EFHSHIIE‘%?G
sffdired.ale drealer ate.han e lowerportion, 15, The device of claimdd, e
whereil the tunabie si aff spacerspcomprlse IEI1 Silicon “nitnde. 16. The Ty
pAIfIFR RIAIRM, ¢ HIRISNINE unaRle sifsyal spacers comprise HCD
silicon nitride doped with ERC dopant. 17. The device of claim 16 wherein
concentration of the ERC dopant affects etch rate of the tunable sidewall
spacer. 18. The device of claim 17 wherein the concentration of the ERC
13lopamhésdbwer sebyaiglate o htociiehetahdsites piethel tipaabiecsid prival HETERIc ohO.
The device of claim 16 wherein the ERC dopant comprises carbon. 20. The
nighgldce of claim 14 wherein the tunable sidewall spacers comprise an initial
width ratio of the upper and lower portions (WN/WL) which is greater than
final width ratio of the upper and lower portions (WFU/WFL). 21. The device
of claim 20 wherein the WN/WI is greater WFU/WFL by at least 0.1-0.9. 16

16. The device of claim 14 wherein the tunable sidewall spacérs comprise HCD silicon

nitride doped with ERC dopant.

17.  The device of claim 16 wherein concentration of the ERC dopant affects etch rate of the

tunable sidewall spacer.

18.  The device of claim 17 wherein the concentration of the ERC dopant is inversely related

to the etch rate of the tunable sidewall spacer.

19. The device of claim 16 wherein the ERC dopant comprises carbon.

20. The device of claim 14 wherein the tunable sidewall spacers comprise an initial width
ratio of the upper and lower portions (W /Wy) which is greater than final width ratio of the

upper and lower portions (Wgry/WeL).

21. The device of claim 20 wherein the Wy/WyL is greater Wry/WeL by at least 0.1-0.9.
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