|  SPACER- LESS LOW K DI ELECTRI C PROCESSES Backgr ound
of Invention 1) Field of the Invention This invention
rel ates generally to the fabrication of sem conductor
devices and nore particularly to the fabrication of a
MOS transi stor without spacers and wusing |ow Kk
materials. 2) Description of the Prior Art Fabrication
of sem conductor devices, such as netal oxide

seni conductor field effect trhnsistors (MOSFET) and
conpl ementary netal oxide sem conductor (CMOS)
integrated circuits, involves nunmerous processing
steps. Each step may potentially have an adverse
effect on one or nore device conmponents. In a typica
MOSFET, a source and a drain are formed in an active
region of a sem conductor |ayer by inplanting N-type
or P-type inpurities in a layer of seni conductor
materi al . Dsppegsel) be W-k*ﬁhﬂ%tgiﬂﬁlcaﬁﬂd@@%ss a
body region. D sposed above the body region is a gate
el ectrode. The gate electrode and the 2 body are
spaced apart by a gate dielectric layer. It is noted

t hat MOSFETs can be

Background of Invention
1) Field of the Invention
This invention relates generally to the fabrication of semiconductor devices
and more particularly to the fabrication of a MOS transistor without spacers and

using low k materials.
2) Description of the Prior Art

Fabrication of semiconductor devices, such as metal oxide semiconductor
field effect transistors (MOSFET) and complementary metal oxide semiconductor
(CMOS) integrated circuits, involves numerous processing steps. Each step may
potentially have an adverse effect on one or more device components.

In a typical MOSFET, a source and a drain are formed in an active region of
a semiconductor layer by implanting N-type or P-type impurities in a layer of
semiconductor material. Disposed between the source and drain is a body region.

Disposed above the body region is a gate electrode. The gate electrode and the



formed in bulk format (for exanple, the active region
being fornmed in a silicon substrate) or in a

sem conductor-on-insulator (SO) format (for exanple,
ina silicon filmthat is disposed on a insulating

| ayer that is, in turn, disposed on a silicon
substrate). A pervasive trend in nodern integrated
circuit manufacture is to produce transistors, and
the structural features theredgf, that are as small as
possi ble. A factor in device performance is the
capacitance of the elenents of the circuit.

Techni ques are need to reduce capacitance. The
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literature. The cl osest and ar Ly more rel evant,
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gl eaned by considering the follow ng. US6613637:

ebiapo §ing thad padisposetend inpulpting{aysy that i pelirpadisresgdon a

capaci tance - Formation of conposite spacer in

sitinbic snldstcate). device, e.g. netal oxide sem conductor

field effect transistor device, by depositing | ow

di el eptgdreasice trehdiiv niplaaentégnatrd circuitimsnufagtacers to produce

| ayer, and anisotropically etching the conbined

krauSisfors, Al Bt QfuctdrBFfeatired@thereof, that are as small as possible. A

factor in device performance is the capacitance of the elements of the circuit.

Techniques are need to reduce capacitance.

The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as
documented by the relevant patent and technical literature. The closest and
apparently more relevant technical developments in the patent literature can be
gleaned by considering the following.

US6613637: Composite spacer scheme with low overlapped parasitic
capacitance - Formation of composite spacer in semiconductor device, e.g. metal
oxide semiconductor field effect transistor device, by depositing low dielectric
constant spacer layer on first spacer layer, and anisotropically etching the

combined layers - Inventor: Lee, et al.



3 US20040171201A1: Low K-gate spacers by fluorine
inplantation Fabrication of netal oxide sem conduct or
field effect transistor device involves performng
fluorine inplant through silicon nitride etch stop

| ayer and into oxide gate sidewall spacers to form

fluorine doped oxide gate sidewall spacers - Inventor:
Ganmbi no, Jeffrey P. US6724051: N ckel silicide process
usi ng non-reactive spacer - In¥entor: Wo, et al.

US6107667: MOS transistor with | owk spacer to
suppress capacitive coupling between gate and
source/drain extensions - Fabrication of an ultra

| arge scale integration netal oxide sem conductor
field effect transistor, involves providing a |lowk
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source/ drai n extensio vent or
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formed in substrate, has two spacer, structures, each
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sidewal | of one of device's gate termnal and its
Inventor: Gambino, Jeffrey P.

US6724051: Nickel silicide process using non-reactive spacer - Inventor:
Woo, et al.

US6107667: MOS transistor with low-k spacer to suppress capacitive
coupling between gate and source/drain extensions - Fabrication of an ultra large
scale integration metal oxide semiconductor field effect transistor, involves
providing a low-k spacer to suppress capacitive coupling between gate and
source/drain extensions Inventor: An, et al.

US20040262692A1: Nonplanar device with stress incorporation layer and
method of fabrication - Inventor: Hareland, et al.

US 6825529 Stress inducing spacers - Spacer structure for semiconductor
devices formed in substrate, has two spacer structures, each comprising stress
inducing material adjacent to both sidewall of one of device's gate terminal and its

channel which applies mechanical stress - Inventor; Chidambarrao



channel which applies nmechanical stress - Inventor:

Chi danbarrao 4 Summary of the Invention The exanpl e
enbodi ments of the present invention provide
structures and nethods of manufacturing a CMOS

transi stor which is characterized as follows. A first
exanpl e enbodi nent conprises sone of the foll ow ng
steps. W provide a gate dielectric and a gate over a
substrate. W formfirst spacérs on the gate
sidewalls. W forma first dielectric |ayer over the
substrate. W forma non- conformal dielectric |ayer
over the first dielectric layer. W then renove a
first thickness of the non-conformal dielectric |ayer
to expose the first dielectric |ayer over the first
spacers. W renpve t8anfrhast oflitRl IRvehtien! ayer over the
first spacers. W renove the first spacers. W form a
contact etch stop |ayer over the substrate surface.
W forma low K dielectric |ayer over the substrate
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W formfirst spacers on the gate sidewalls. W form
a first dielectric layer over the substrate. W forma

non- conformal dielectric |ayer over the first
di el eétfirsteenaayele emiindiment camprigesssame of the following steps. We

provide a gate dielectric and a gate over a substrate. We form first spacers on the
gate sidewalls. We form a first dielectric layer over the substrate. We form a non-
conformal dielectric layer over the first dielectric layer. We then remove a first
thickness of the non-conformal dielectric layer to expose the first dielectric layer
over the first spacers. We remove the first dielectric layer over the first spacers.
We remove the first spacers. We form a contact etch stop layer over the substrate
surface. We form a low K dielectric layer over the substrate surface. We form

interconnects to the source/drain regions adjacent to the gate.

A second example embodiment comprises some of the following steps. We
provide a gate dielectric and a gate over a substrate. We form first spacers on the
gate sidewalls. We form a first dielectric layer over the substrate. We form a non-

conformal dielectric layer over the first dielectric layer. We then remove a first



5 thickness of the non-conformal dielectric |layer to
expose the first dielectric |ayer over the first
spacers. W renove the first dielectric |ayer over the
first spacers. W renove the first spacers. W form
| ow K spacers on the gate. W form a second etch stop
| ayer over the substrate surface. W forman ILD

| ayer over the second etch stop layer. W form

i nterconnects to the source/dmain regions. The

i nvention also conprises exanpl e enbodi nents of

devi ces of the nethod exanple enbodi nents at al
stages. The above and bel ow advant ages and features

thicknebs bétheasEntaifornal disleeticBydrdo @Rpyse aidfirdt GieltRtric layer
exhaustive and/or exclusive. They are presented only
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advant ages are applicable to one aspect of the

99l¥Hti on, and inapplicable to others. Furthernore,
certain aspects of the clained

The invention also comprises example embodiments of devices of the

method example embodiments at all stages.

The above and below advantages and features are of representative
embodiments only, and are not exhaustive and/or exclusive. They are presented
only to assist in understanding the invention. It should be understood that they are
not representative of all the inventions defined by the claims, to be considered
limitations on the invention as defined by the claims, or limitations on equivalents
to the claims. For instance, some of these advantages may be mutually
contradictory, in that they cannot be simultaneously present in a single
embodiment. Similarly, some advantages are applicable to one aspect of the
invention, and inapplicable to others. Furthermore, certain aspects of the claimed
invention have not been discussed herein. However, no inference should be drawn

regarding those discussed herein relative to those not discussed herein other than



i nvention have not been di scussed herein. However, no
i nference should be drawn regardi ng those discussed
herein relative to those not discussed herein other
than 6 for purposes of space and reducing repetition.
Thus, this summary of features and advantages shoul d
not be consi dered dispositive in determ ning
equi val ence. Additional features and advantages of
the invention will beconme appd&ent in the followng
description, fromthe drawings, and fromthe clains. 7
Brief Description of the Drawi ngs The features and
advant ages of a seni conductor device according to the

o PR dsbf 8pheOBn@Asddinid hsyetitlen aTHUs, Bis 8uRin®s§ ©F f&ditures and
fabricating such a sem conductor device in accordance
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sectional views for illustrating a first exanple
met hod of the invention for form ng a sem conduct or
device. Figures 1 through 5 and 68, 7B and 8 are

cross sectional views for



illustrating a second exanpl e nethod of the invention
for formng a sem conductor device. 8 Detailed
Description of the Exanpl e Enbodi nents 1. First
exanpl e enbodi nent The exanpl e enbodi nents of the
present invention will be described in detail wth
reference to the acconpanyi ng drawi ngs. The first
exanpl e enbodi ment provides a nethod of renoving
spacer fromgates and incorporating a low -k materia
in the ILD layer to increase device performance. An
exanpl e of an device whose perfornmance is increased
is the ring oscillator. Preferably, the source drain
regi ons have a silicide contact |ayer thereover. An
aspect of the enbodi nent renoves spaces froma gate
and forns a low K ILD | ayer near the gate. The first
exanpl e enbodi nent al so i ncludes device/ structure
enbodi nents. A S I [ . ion, a PFET
region and a peri%ﬁ%&gﬁ£§¥ gﬁﬁﬁgﬂﬁegﬁg%ﬂhﬁg figure 1,
we provide a substrate 10 having a NFET region 12, a
PFET region 14 and a peripheral region 16. The

substrate can have isolation regjon(s) 24 at |east,
bet weiﬁe ???éu'r@ﬁ@ﬁck dYiarages OfhserPIcEn v%t@r deviea agerrdingelo the

present invention and further details of a process of fabricating such a
semiconductor device in accordance with the present invention will be more clearly
understood from the following description taken in conjunction with the
accompanying drawings in which like reference numerals designate similar or

corresponding elements, regions and portions and in which:

Figures 1 through 5 and 6A and 7A are cross sectional views for illustrating
a first example method of the invention for forming a semiconductor device.

Figures 1 through 5 and 6B, 7B and 8 are cross sectional views for
illustrating a second example method of the invention for forming a semiconductor

device.



peri pheral region 16. Figure 1 shows isolation regions
24 al so between the PFET and NFET regions. 9 1In the
NFET region, we provide a NFET gate dielectric 29,
NFET gate 30, NFET cap 32 (e.g., silicide), a NFET
spacers on the NFET gate 30 sidewalls; NFET
source/drain regions 25 in the NFET regi on adjacent to
the NFET spacers 26. The spacers can be conprised of
one or nore layer or different8 materials. W provide
NFET S/ D silicide regions 26 over the NFET
source/drain regions 25 and the NFET cap 32
preferably conprised of silicide. In the PFET region
14, we provide a PFET gate dielectric 37, PFET gate
38, PFET cap 40, and PFET spacers 36 on the PFET gate

38 sidewal | ' S@y{ @’% egi ons 33
in the PFEP‘?%B‘?%PH f%wgg?’gsﬁneto 'ﬁE‘%F— cﬁﬁ%geér]s
36. PFET S/ID silicide regions 34 are fornmed over the

PFET ﬁ%FgﬁéH{#@é Bm Oo%g QA% 33. The PFET cap 40 is

pr ef er y cofnprrse Ssi'licide. The spacers can be
conprised of one or nore layer or different materials.

| n t héhp&xpptnte ambedignes obtheeregeatinventissr willther dgscribed in
gate structures 49 over the peripheral region 16. The
petdilpkiér edfergate ts thauataongsarying drampngss ddhedirstaexample

peri pheral gate 40, peripheral spacer 44 and

eebogivaeat prodided 8. métmedrg rémbeingl spacer from gates and incorporating
a low —k material in the ILD layer to increase device performance. An example of
an device whose performance is increased is the ring oscillator. Preferably, the
source drain regions have a silicide contact layer thereover. An aspect of the
embodiment removes spaces from a gate and forms a low K ILD layer near the

gate. The first example embodiment also includes device/structure embodiments.

A. Substrate having a NFET region, a PFET region and a peripheral
region
As shown in figure 1, we provide a substrate 10 having a NFET region 12, a
PFET region 14 and a peripheral region 16. The substrate can have isolation
region(s) 24 at least between the NFET region 12, the PFET region 14 and the

peripheral region 16. Figure 1 shows isolation regions 24 also between the PFET

and NFET regions.



gate structures are exanples of routing poly gate. In
this case, the gate-gate pitch is tighter hence the
pot enti al capacitance reduction from changi ng the
nitride to a l|lowk spacer may be greater. The

I nterconnecting poly can have a hi gh poly-poly

i ntra-capacitance that can potentially adversely
affect circuit performance. The gates in the
peripheral region can be part 9f the ring oscillator
device. 10 The substrate has an (peripheral)

i solation region 24 over at |east a portion of the
peri pheral region 16, and the peripheral gate

st r ucinthg NFET fegiyigrwé provides@ INFE OgateeiéleBtriclve NFET gate 30,
structures can be made using a salicide process. B.

NEET @&ipf 37 &l g d5hkRed rd RFEGYSIacERf &4 tHWFEF Jdt@4b Sidewalls;

we forma ﬁ'?'st di eIt> ectric l'ayer 52 over the sugst rate
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doped oxide; and preferably of undoped oxide;, and can

FrOjfeNsa2d ANG ek Ef egapeds preferaghacoroprisasyeft silinine.

In the PFET region 14, we provide a PFET gate dielectric 37, PFET gate
38, PFET cap 40, and PFET spacers 36 on the PFET gate 38 sidewalls. We
provide PFET source/drain regions 33 in the PFET region 14 adjacent to the PFET
spacers 36. PFET S/D silicide regions 34 are formed over the PFET source/drain
regions 33. The PFET cap 40 is preferably comprised of silicide.

The spacers can be comprised of one or more layer or different materials.

In the peripheral region 16, we provide peripheral gate structures 49 over
the peripheral region 16. The peripheral gate structures are comprised of a
peripheral gate 40, peripheral spacer 44 and peripheral cap 48. The peripheral
gate structures are examples of routing poly gate. In this case, the gate-gate pitch
is tighter hence the potential capacitance reduction from changing the nitride to a
low-k spacer may be greater. The interconnecting poly can have a high poly-poly
intra-capacitance that can potentially adversely affect circuit performance. The

gates in the peripheral region can be part of the ring oscillator device.



C, non-conformal dielectric layer W then forma
non-conformal dielectric |ayer 54 over the confornmal

di el ectric layer 52. The non-conformal dielectric

| ayer 54 preferably has a etch selectivity to the
conformal dielectric layer. The etch selectivity can
be greater than 2:1. The non-conformal dielectric

| ayer can be conprised of nitride, SION or SiC and
preferably of PEECVD nitride B8 a HDP nitride. 11 The
non-conformal dielectric layer 54 is thicker over the
PFET cap 40 and NFET cap 32 and the substrate (such as
a thickness between 200 and 600 A (angstrons)) than

over Tieskdiratends MnEpedplaeral) $sob@tio?Bregigtedbbliér 4tfl@dst a portion
exanple a thickness between 50 and 150 A

&ﬁh@?ﬁerrl A&pal req?éﬁﬁ@rém the B@rlﬁﬁ’érbp%é?t@té‘l\ﬁﬁfhrbm% s guer the

non- con ormal 1ayer 54 thickness above the FETs
SHRRbh#tGioh© the thickness over the spacers/sidewalls
|sa|t %gt about 2:1 (e.g., between 1.5:1 and 5:1)

ﬁgﬁ con‘?%‘l’r ﬁ&%r e%ﬁ{a?@%?%ﬁhcﬁ%%pggﬁ%ﬁlCker over

appr _OXI nat ely horizontal surfaces than over sl oped or
deposPti orfopro dest eBeRERER ion T rore

Referring to figure 2, we form a first dielectric layer 52 over the substrate 10
at least the NFET region 12, the PFET region 14 and the peripheral region 16. The
first dielectric layer is preferably conformal so that the first dielectric layer has
about the same thickness over vertical and horizontal surfaces.

The first dielectric layer 52 can be comprised of oxide, undoped oxide or a
doped oxide; and preferably of undoped oxide; and can have a thickness between

50 and 100 angstroms.

C. non-conformal dielectric layer

We then form a non-conformal dielectric layer 54 over the conformal
dielectric layer 52. The non-conformal dielectric layer 54 preferably has a etch
selectivity to the conformal dielectric layer. The etch selectivity can be greater than
2:1.

The non-conformal dielectric layer can be comprised of nitride, SiON or

SiC; and preferably of PECVD nitride or a HDP nitride.



directional (top down deposits faster than

hori zontal). D. renove a first thickness of the
non-conformal dielectric layer in the NFET region to
expose the conformal dielectric | ayer over the
spacers As shown in figure 3, we renove a first
thickness (e.g., portion) of the non- conformal
nitride |ayer 54 in the NFET region 12, preferably
using an anisotropic etch, tld expose the conform
dielectric |ayer 52 over t he spacers 28 36 44. The
first thickness is between about 33 and 66% of the
maxi mum t hi ckness of the non-conformal |ayer 54. 12

E. rermevsori-benfeanaladisrttridi 18Y&er34 isthickeesvepties PFES &RIpEID and
spacers, NFET spacers and peripheral spacers As shown

NI“-‘Ef'cﬁEr& dhd tHe stbsRaf e_?_(@%ﬁ asEhRRNAESS BBIweEnE2 R BhH G00 A
ayer 52 over the PFET spacers 36, NFET spacers 28

(?ggat?&ééﬁ@ﬁé % ethAG gFﬁE'ﬁén? éé;?&fe L BRlogd; ﬁé\ﬁéﬁfsr ?‘1& example

can removed W rve etch tot
%Qﬁl qé‘!eél @gt egeynaié 8{‘5 H%ﬁdg @Igré'tr%?r@pg 'Iq-’éeﬁ qg gie rée‘tla%etween the
rggigét;figp t a " #_5% trh?ckr51ess\f\%b<r)\?e FIH]Se & su s\t/r‘lif\tet trc]> the thElckness
over the spacers/sidewalls is at least about 2:1 (e.g., between 1.5:1 and 5:1) and
most preferably greater than 4:1.
The non-conformal dielectric layer 54 can be thicker over approximately
horizontal surfaces than over sloped or vertical surfaces.

In a non-uniform (non-conformal) deposition process, the deposition is more

directional (top down deposits faster than horizontal).

D. remove a first thickness of the non-conformal dielectric layer in
the NFET region to expose the conformal dielectric layer over

the spacers

As shown in figure 3, we remove a first thickness (e.g., portion) of the non-
conformal nitride layer 54 in the NFET region 12, preferably using an anisotropic
etch, to expose the conformal dielectric layer 52 over the spacers 28 36 44.

The first thickness is between about 33 and 66% of the maximum thickness

of the non-conformal layer 54.



spacers 28 and peripheral spacers 54. The spacers can
be renoved using a selective isotropic etch, such as
hot phosphoric acid or HF/ EG (Et hyl ene Gycol). The
remai ning dielectric layer 52 is used as an etch nask.
The silicide regions are protected fromthe spacer
etch by the overlying first dielectric layer 52. G
forma contact etch stop |layer Referring to figure 6A,
we can forma contact etch stdp | ayer 56 over the
substrate surface. The contact etch stop |ayer 56 can
be conprised of SIN, SIC, or SION and is preferably
conprised of SiN, and can have a thickness about

bet wegn 10fmbde tA8BnfodmAlelecti® laye? ovbr thel PFET lspycers,
K dielectric |ayer over the substrate surface Still

referring Wéﬁ%&lggé"dﬁ%ﬁ%%ﬁsbg&% dielectric

| ayer 60 over t substr ace. The low k
dielectric | ayer can have a diel ectric_constant )

bet vveéﬁ 3@9‘7“&%3%%‘}’ ViR anarrsmvsm canf@rnnéi@e[%%r#lﬁgy@f 52 over
The Iow K dielectric |layer 60 can be conprised of

thauBF Ehspaepsd3t iNfiehppacess 28andengjipheraeparers. 9. The

car bon doped CVD oxides (e.g., k = 2.7), inorganic
spiformainditliectric layehbZasarmbe regeved withesspledivaraicli & the,

HSQ k=2.9) and

underlying layers. The remaining non-conformal layer 54 is used as an etch mask.

F. remove the spacers

Referring to figure 5, we remove the remove the PFET spacers 36, NFET
spacers 28 and peripheral spacers 54. The spacers can be removed using a
selective isotropic etch, such as hot phosphoric acid or HF/EG (Ethylene Gycol).
The remaining dielectric layer 52 is used as an etch mask. The silicide regions

are protected from the spacer etch by the overlying first dielectric layer 52.

G. form a contact etch stop layer

Referring to figure 6A, we can form a contact etch stop layer 56 over the
substrate surface.

The contact etch stop layer 56 can be comprised of SiN, SiC, or SiON and
is preferably comprised of SiN; and can have a thickness about between 100 and

1000 (A) Angstroms.



nmet hyl si | sesqui oxane (e.g., MSQ k=2.6) and organic
spin-on films (such as SILK (k=2.65)) or porous
net hyl si | sesqui oxane(e.g., porous SiLK (k=1.5). 1.
conpl ete the devices Referring to figure 7A, we form
contacts/interconnects 68 64 to the NFET and PFET
source/drain regions 25 33 and to the gates (not
shown). The devices can be conpl eted using convention
processes. Non-limting exanpPe benefits of the sone
features of the first enbodinent The first exanple
enbodi nent provides a nethod of renoving spacers from
gates (e.g,, poly rings) and incorporating a |low -k
mat er Hal | fdrih b dgwrK dielectricr lagee oder thespls tratersurtace
An exanmpl e of an device whose performance is 14
increased is the ring oscillator. The gates in the
peri pher al region can be part of the ring oscillator.
sci | | .ator nce ca

The rj f

pecau Eﬁ’ae&ﬁwg ARl B P BTG R 190 (o bl gy € quer the
SilSEe SHBRCS. (TS Pblksicleuiceyas Samheha S/apariaceasiest (¥
faster s;l;eed Preferably, the source drain regions

Retveen &1 |angl e arshpeeterapbyeK lesewon®dp. The silicide

contact |ayer can serve as an etch stop to prevent

t he cohe fmv Kedielectricdayerdifgcargbé womprised o fluornedddpedrsibcare
silicide regions reduce the resistance, thus can

yeduce.ng ~EGaks3.2 ANcarbon doped CVD oxides (e.g., k = 2.7), inorganic spin
on films such as hydrogen silsesquioxane (e.g., HSQ, k=2.9) and
methylsilsesquioxane (e.g., MSQ, k=2.6) and organic spin-on films (such as SiLK

(k=2.65)) or porous methylisilsesquioxane(e.g., porous SiLK (k=1.5).

L complete the devices

Referring to figure 7A, we form contacts/interconnects 68 64 to the NFET
and PFET source/drain regions 25 33 and to the gates (not shown).

The devices can be completed using convention processes.
Non-limiting example benefits of the some features of the first embodiment
The first example embodiment provides a method of removing spacers

from gates (e.g,, poly rings) and incorporating a low —k material ILD layer to

increase device performance. An example of an device whose performance is



enbodi nent renoves spacers fromthe gate and forns a
low K ILD | ayer near the gate. |l. second exanple
enbodi ment - form | ow k spacers The second exanpl e
enbodi nent of the invention incorporates | owKk
spacers by replacing the traditional spacers after
silicidation serves to reduce the parasitic

capaci tances t hereby |nprOV|2%%r|ng osci |l | at or
performance. Al so, i mpl en¥hting the | ow k spacers
only after silicidatlon the | owk spacers are not
conprom sed by multiple high dose ion inplantations
and resist strip steps. The second exanpl e enbodi nent

imcrsased ¢4 theatdleydinos MhectateLinetib paripheiss regién cdmée part of
exanpl e process for the second enbodinment is simlar

fh% ﬁrl'@eosfdllfa%r ?H’Q‘ng"%’&illafdr%ﬁ)hﬁblﬁ@@ can be |r§3re§éébul5@§au1se delay

and 6B, show an exanple of the second

or?gpﬁg é}g{iénc{}r . agédﬁaglt%ﬁaél):(Hgﬁff;@ tﬁé ﬂﬂNérQ%% parasitic

over e sub i qur e
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PP KN oD FRLEA oK G Erid L NHEpLeh T DR gontac
Ig%yvg:nnserve as an etch stop fo prevent the contact etch from gouging into the
silicide). The silicide regions reduce the resistance, thus can reducing delay). An

embodiment removes spacers from the gate and forms a low K ILD layer near the

gate.

il. second example embodiment - form low-k spacers

The second example embodiment of the invention incorporates low-k
spacers by replacing the traditional spacers after silicidation serves to reduce the
parasitic capacitances thereby improving ring oscillator performance. Also, by
implementing the low-k spacers only after silicidation, the low-k spacers are not
compromised by multiple high dose ion implantations and resist strip steps.

The second example embodiment also includes device/structure embodiments.



50 and 300 angstrons. B. forma low k dielectric |ayer
Next, we forma low k dielectric |ayer 158 over the
substrate surface. The low k dielectric |ayer 158 can
have a dielectric k between 3.7 and 1.0 and nore
preferably less than 3.0. The low k dielectric |ayer
158 can be conprised of fluorine-doped silicate glass
(e.g., FSG k=3.2), carbon doped CVB oxides (e.g.
k=2.7), inorganic spin on fil%s such as hydrogen

si | sesqui oxane (e.g., HSQ k=2.9) and

nmet hyl si | sesqui oxane (e.g., M5Q k=2.6) and organic
spin-on films (such as SiLK (k=2.65)) and porous

met hyTisé bs@ragle roasss (o8 ik sedondrertbsdintent isasithila tha\iest
a thickness between 300 and 1000 angstrons. 16 C.
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I ' i i to formlow K spacers 158
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ani sotropic etch stops on the low k etch stop | ayer
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forma second etcﬁfétop

Referring to figure 6B, we form a low k etch stop layer 154 over the
substrate surface.

The low k etch stop layer 154 can be comprised of SiC, carbon doped SiN
or SiN and more preferably comprised of SiC; and can have a thickness between

50 and 300 angstroms.

B. form a low k dielectric layer

Next, we form a low k dielectric layer 158 over the substrate surface. The
low k dielectric layer 158 can have a dielectric k between 3.7 and 1.0 and more
preferably less than 3.0.

The low k dielectric layer 158 can be comprised of fluorine-doped silicate
glass (e.g., FSG, k=3.2), carbon doped CVD oxides (e.g., k=2.7), inorganic spin on
films such as hydrogen silsesquioxane (e.g., HSQ, k=2.9) and
methylsilsesquioxane (e.g., MSQ, k=2.6) and organic spin-on films (such as SiLK
(k=2.65)) and porous methylsilsesquioxane (e.g., SiLK (k=1.5); and can have a

thickness between 300 and 1000 angstroms.



As shown in figure 8 we forma (optional) second etch
stop |l ayer 162 over the substrate surface. The second
etch stop layer 162 can be conprised of SiN, carbon
doped SiNor SiC and is preferably conprised of SiN
and can have a thickness between 200 and 800
angstronms. The second etch stop layer is preferably
used as an etch stop for subsequent the contact via
openi ng etch through the ILD 1®&yer. E. formIILD | ayer
As shown in figure 8 we forman interlevel dielectric
(ILD) layer 168 over the substrate surface. The |ILD

| ayer can be conprised of silicon dioxide, doped

silicon difexindew Hrgbdceys ondihel MEET, REET and péripheral gates
contacts/interconnects We form contact openings thru
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sourcel drain regions 25 33 and gates (not shown
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enbodi mrent The second exanpl e enbodi nent of the
prieteaiingdhe sicidegegiane 26| - k

D. form a second etch stop layer

As shown in figure 8, we form a (optional) second etch stop layer 162 over
the substrate surface.

The second etch stop layer 162 can be comprised of SiN, carbon doped
SiN or SiC and is preferably comprised of SiN and can have a thickness between
200 and 800 angstroms. The second etch stop layer is preferably used as an etch

stop for subsequent the contact via opening etch through the ILD layer.

E. form IILD layer

As shown in figure 8, we form an interlevel dielectric (ILD) layer 168 over
the substrate surface. The ILD layer can be comprised of silicon dioxide, doped

silicon dioxides and low-k dielectrics.

F. form contacts/interconnects

We form contact openings thru the ILD layer, contact etch stop layer,

conformal dielectric layer 52A to expose the S/D silicide and gate silicide regions.



spacers by replacing the traditional spacers after
silicidation serves to reduce the parasitic

capaci tances thereby inproving ring oscillator
performance. Traditional spacers with SiN have high k
val ue which increases the parasitic capacitance and
inturn increases the circuit delay (delay=R*C). Al so,
by inmplementing the enbodinent's |owk spacers only
after silicidation, the embodifrent's lowk spacers
are not conprom sed by nultiple high dose ion
inplantations and resist strip steps which could
reduce the effectiveness of the lowk material. H

non- | INext,ivgfoemadtpitects MQdingieintescalnebtaigi tditise NFET and PFET
i nvention has been described relative to specific
$AFEEMAEAIAJegibRs 85138l nd §aBdysst sSrRwmt erial s and

appar atuses for depositing and etching these
materials, it is not l[imted to the specific materials
or apparatuses but only to their specific
characteristics, such as conformal and nonconf or nal

and capabi &L I et ing, ,

ot her Cat e S e ons ARG RRrAtRE B Sodbie BhalldIg epfbtiment
as is_well understood b% those skilled in the

m cr odhedecond exampteserabpdiment ob thacinyention inperperaies tew-k

i nvention Gven the variety of enbodi nents of the

snaseen by ireplacing dme jraditiodalsspaichesdaftertsilicicdebioneserves to reduce the
description and illustrations show not be taken as
parasiticrgpbbitarees pleereby improving ring oscillator performance. Traditional
spacers with SiN have high k value which increases the parasitic capacitance and
in turn increases the circuit delay (delay=R*C). Also, by implementing the
embodiment’s low-k spacers only after silicidation, the embodiment’s low-k
spacers are not compromised by multiple high dose ion implantations and resist

strip steps which could reduce the effectiveness of the low-k material.

H. non-limiting example embodiments

Although this invention has been described relative to specific insulating
materials, conductive materials and apparatuses for depositing and etching these
materials, it is not limited to the specific materials or apparatuses but only to their
specific characteristics, such as conformal and nonconformal, and capabilities,

such as depositing and etching, and other materials and apparatus can be



the present invention defined by the clains. Wile the
i nvention has been particularly shown and descri bed
with reference to the preferred enbodi nents thereof,
it will be understood by those skilled in the art
that various changes in formand details nmay be nade
W thout departing fromthe spirit and scope of the
invention. It is intended to cover various
modi fi cations and similar arrdBgenments and procedures,
and the scope of the appended clains therefore should
be accorded the broadest interpretation so as to
enconpass all such nodifications and simlar

sl ngledesnt is wailldirekeestestl be Shosedskiliain the nfib@elRErohfss arts after
1. A nethod of fabricating a sem conductor device

Qﬁﬁﬁércia‘ii'nﬁghe pPéééYn't fHvBtigh gate diel ectric over a

substrate; providing a gate over said gate dielectric,
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spacers on the ot ng a
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ielectrjc Ia r enovi ng aflrst t hi ckness of the
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While the invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made without
departing from the spirit and scope of the invention. It is intended to cover various
modifications and similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest interpretation so as to

encompass all such modifications and similar arrangements and procedures.



expose the first dielectric |ayer over the first
spacers; renoving portions of the first dielectric
| ayer over the first spacers; and renoving the first
spacers. 2. The nmethod of claim| which further
conprises: formng a contact etch stop |ayer over the
substrate surface; formng a low K dielectric |ayer
over the substrate surface; and form ng interconnects
to source and drain regiont9adjacent to said gate. 20
3. The nethod of claim21 which further conprises:
provi di ng source/drain regions in said substrate
adjacent to said first spacers; and providing
source/drain silicide regions over said source/drain
regions. 4. The nethod of claim1 wherein the first
t hi ckness i s between about 33 and 66 % of the maxi mum
t hi ckness of said non-confornal dielectric |ayer. 5.
The nethod of claim 1, which after the step of
renoving the first spacers, further conprises:
formng a first etch stop |ayer on the substrate;
formng | ow K spacers on sidewalls of said gate on the
first etch stop | ayer

What is claimed is:

1. A method of fabricating a semiconductor device comprising:

providing a gate dielectric over a substrate;

providing a gate over said gate dielectric, said gate having gate
sidewalls;

forming first spacers on the gate sidewalls;

forming a first dielectric layer over the substrate;

forming a non-conformal dielectric layer over said first dielectric layer;

removing a first thickness of the non-conformal dielectric layer to
expose the first dielectric layer over the first spacers;

removing portions of the first dielectric layer over the first spacers; and

removing the first spacers.

2. The method of claim 1 which further comprises:
forming a contact etch stop layer over the substrate surface;
forming a low K dielectric layer over the substrate surface; and

forming interconnects to source and drain regions adjacent to said gate.



formng a second etch stop | ayer over the substrate
surface; formng an ILID | ayer over said second etch
stop layer; and formng interconnects to said
source/drain regions. 6. The nmethod of claim 1 which
further conprises: formng a first etch stop | ayer
conprising a low k dielectric material over the
substrate surface; formng a low k dielectric |ayer
over the low k first etch 200op |layer; anisotropically
etching said low k dielectric layer to formlow K

3. FREPFEROQDf cRiielihlch fOfth8AESMPRESs:on the first etch
stop layer, wherein the anisotropic etch stops on

il . ver. . i .et ch
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ayer over said second etch stop |ayer; and form ng
?H%/%?réoﬂ%cts to said source/drain regions adjacent to
the gate. 7. The method of claim1 which further
pravidite SopEser diiain Biljcidedpgions aver saidl squree/deriairegiansr
device. 8. A nethod of fabricating a sem conductor
devi ce conprising: providing a substrate having a
devi ce FET region and a peri pheral
4. The method of claim 1 wherein the first thickness is between about 33 and

66 % of the maximum thickness of said non-conformal dielectric layer.

5. The method of claim 1, which after the step of removing the first spacers,
further comprises:
forming a first etch stop layer on the substrate;
forming low K spacers on sidewalls of said gate on the first etch stop layer;
forming a second etch stop layer over the substrate surface;
forming an ILD layer over said second etch stop layer; and

forming interconnects to said source/drain regions.

6. The method of claim 1 which further comprises:
forming a first etch stop layer comprising a low k dielectric material over
the substrate surface;
forming a low k dielectric layer over the low k first etch stop layer;
anisotropically etching said low k dielectric layer to form low K spacers on
sidewalls of said gate on the first etch stop layer, wherein the anisotropic

etch stops on said first etch stop layer;



region; providing a FET in the FET region, wherein the
FET conprises a FET gate, FET spacers on the FET gate
sidewal I s, FET source/drain regions in said FET
region adj acent to said FET spacers, and FET S/D
silicide regions over said FET source/drain regions,
provi di ng peripheral gate structures over said

peri pheral region, wherein said peripheral gate
structures are conprised oR1a peripheral gate,

peri pheral spacers; formng a conformal dielectric

|f@bfﬁihﬁ%/§écdd%ﬁet§hl edp River bledthe SisstratdSurfadel regi on
and the peripheral region; form ng a non-confornal
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dielectric |l ayer over the FET spacers; renoving the
conformal dielectric |ayer over the FET spacers, and
t he peri pheral spacers; and

7. The method of claim 1 which further includes performing steps to form a

ring oscillator device.

8. A method of fabricating a semiconductor device comprising:

providing a substrate having a device FET region and a peripheral
region;

providing a FET in the FET region, wherein the FET comprises a FET
gate, FET spacers on the FET gate sidewalls, FET source/drain
regions in said FET region adjacent to said FET spacers, and
FET S/D silicide regions over said FET source/drain regions;

providing peripheral gate structures over said peripheral region,
wherein said peripheral gate structures are comprised of a
peripheral gate, peripheral spacers;

forming a conformal dielectric layer over the substrate in at least the
FET region and the peripheral region;

forming a non-conformal dielectric layer over said conformal dielectric

layer;



renovi ng the FET spacers and peripheral spacers. 9.
The nmethod of claim8 which further conprises: formng
a contact etch stop layer over the substrate surface;
formng a low K dielectric |ayer over the substrate
surface; formng interconnects to said FET
source/drain regions. 10. The nethod of claima8 which
further conprises: formng a first etch stop | ayer
conprising a low k dielectpbc material over the
substrate surface; formng a low k dielectric |ayer

O ok iy i lesSici g haR depirio) bR AR R MY

et(:|ngs [Fow ielectric layer

spacers t he FET.gate and, peri ral gate,, wher
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| ayer thereby protecting the S/ (r) silicide regions;
form ng gielecitadpyer oivesthspFEL s PACEIRr t he substrate
surface; formng an ILD | ayer over second etch stop

| ayer; amémdvimgrthegconfoenalatielectric lageisavat tREFET spacers,
sourceldrain regions. 23 11. The nethod of claim8

wher ei n: afditHe peAphé Rl gpg@@sagnd sol ati on region over
at |east a portion of said

removing the FET spacers and peripheral spacers.

9. The method of claim 8 which further comprises:
forming a contact etch stop layer over the substrate surface;
forming a low K dielectric layer over the substrate surface;

forming interconnects to said FET source/drain regions.

10. The method of claim 8 which further comprises:
forming a first etch stop layer comprising a low k dielectric material over the
substrate surface;
forming a low k dielectric layer over the low k first etch stop layer;
anisotropically etching said low k dielectric layer to form low K spacers on
the FET gate and peripheral gate, wherein the anisotropic etch stops on
said low k etch stop layer thereby protecting the S/D silicide regions;
forming a second etch stop layer over the substrate surface;
forming an ILD layer over second etch stop layer; and

forming interconnects to said FET source/drain regions.



peri pheral region; and said peripheral gate structure
is over said isolation region. 12. The nethod of
claim 8 wherein said non-conformal dielectric layer is
t hi cker over about horizontal surfaces than over

sl oped or vertical surfaces. 13. The nethod of claim
8 wherein the first thickness is between about 33 and
66% of the maxi mum thi ckness of said non-confor nal
dielectric |ayer. 14. The pgthod of claim8 which
further includes performng steps to forma ring

11°ﬂ‘fé He"ﬂﬁ&d oP'SPéhﬁ% \evﬂu-??remA met hod of forning a device

substrate prepared with a gate
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t opography with horizontal portions correspondin
peripleraeeign a8 asﬁadaeflaberabgat%aﬂgca%e igifyer said isol tion

non- hori zontal portions corresponding to sidewalls of
regidte gate; form ng a non-conformal dielectric |ayer

over the substrate and the gate with the spacers, the

non-conformal dielectric |layer having a horizontal

thi ckness in the horizontal portions which is greater
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portions;
thicker over about horizontal surfaces than over sloped or vertical surfaces.

13. The method of claim 8 wherein the first thickness is between about 33 and

66% of the maximum thickness of said non-conformal dielectric layer.

14. The method of claim 8 which further includes performing steps to form a

ring oscillator device.

15. A method of forming a device comprising:

providing a substrate prepared with a gate of a transistor with first
spacers on sidewalls of the gate, wherein the substrate comprises a
topography with horizontal portions corresponding to the substrate and a top
of the gate and non-horizontal portions corresponding to sidewalls of the gate;

forming a non-conformal dielectric layer over the substrate and the
gate with the spacers, the non-conformal dielectric layer having a horizontal
thickness in the horizontal portions which is greater than a non-horizontal

thickness in the non-horizontal portions;



renoving a first thickness of the non-conformal
dielectric layer to renpbve non-horizontal portions
while | eaving a remaining thickness of the
non-conformal dielectric layer in the horizontal
portions; and renoving the first spacers, wherein
renovi ng the non-horizontal portions of the
non-conformal |ayer facilitates renmoval of the first
spacers. 16. The method af4 cl ai m 15 conpri ses:
formng a dielectric layer on the substrate and gate
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remai ni ng portions of the non-conformal dielectric
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the first etch stop layer on sidewalls of the gate.
16. The method of claim 15 comprises:
forming a dielectric layer on the substrate and gate with first spacers
prior to forming the non-conformal layer, wherein removing non-horizontal
portions of the non-conformal layer exposes the dielectric layer over the first
spacers; and
removing exposed portions of the dielectric layer to remove the first

spacers.

17.  The method of claim 16 comprises:
removing remaining portions of the non-conformal dielectric layer and
dielectric layer after removing the first spacers;
forming a first etch stop layer on the substrate and the gate; and
forming second spacers on the first etch stop layer on sidewalls of the

gate.

18.  The method of claim 17 comprises:



18. The nmethod of claim 17 conprises: 25 formng a
second etch stop |ayer over the first etch stop |ayer
and second spacers; formng an interlevel dielectric
| ayer on the substrate over the second etch stop
| ayer; and form ng interconnections in the interlevel
dielectric layer to source/drain regions adjacent to
the gate. 19. The method of claim 17 conpri ses:
formng an interlevel dielegtric |layer on the
substrate over the first etch stop layer and second
spa t
he Srine A eoRE BT stoPUSLE At S At R puer ang
cent to the gate 20. The nethod of claim 15 which
Se??ﬁ‘?ﬁ%"f‘cqrﬁ’cl udes processing to forma ring

oscill ator.
forming an interlevel dielectric layer on the substrate over the second

etch stop layer; and
forming interconnections in the interlevel dielectric layer to source/drain

regions adjacent to the gate.

19. The method of claim 17 comprises:

forming an interlevel dielectric layer on the substrate over the first etch
stop layer and second spacers; and

forming interconnections in the interlevel dielectric layer to source/drain

regions adjacent to the gate.

20. The method of claim 15 which further includes processing to form a

ring oscillator.



