1 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 ttansistors (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 conponents. 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 semn conductor
material . Qrngsed Hi nerP-K hEEISaYTREC PROCESERS S a
body region. Disposed 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 theredf, 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

Hodlp @iré apaesdipart by aqpdta didiédriv aveausisdettedirab MM @SFETSs can be
noted above is evidenced by the extensive
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docunented by the rel evant patent and techni cal
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techn evel opnents in the patent” literature can be
, i i : . i . LUS 637:
i SR R A R R
Sga aciha{]ce - Formation of conposite spacer in
SHRaUEEr device, e.g. metal oxide semi conductor
field effect transi stor device g depositing | ow
di el éePPVasivesipppldnm we@ré},ﬁ i maRacR rto produce

| ayer, and ani sotropically etchi n?ht he conbi ned
trappisters, anchthenstoctunabisatuses shereof, 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
avidenced 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.




it 3 US20040171201A1: Low K-gate spacers by fluorine
inplantation - Fabrication of netal oxide

sem conductor field effect transistor device involves
performng fluorine inplant through silicon nitride
etch stop layer and into oxide gate sidewall spacers
to formfluorine doped oxi de gate sidewall spacers -

I nventor: Ganbino, Jeffrey P. US6724051: N cke
silicide process using non-redcti ve spacer - lnventor:
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

spaceyspo0sOPPTERIAIC apad-yhiesrepd by fubeieegiagatien -
and source/drain extensions Inventor: An, et al.

R RO B2 A bx i shRBAIUESVIAE et Sisif8Sdevice involves

i ncorporation |ayer and nethod of fabrication -
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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




i nduci ng material adjacent to both sidewall of one of
device's gate termnal and its channel which applies
nmechani cal stress - Inventor: Chidanbarrao 4 Sunmmary
of the Invention The exanpl e enbodi nents of the
present invention provide structures and nethods of
manuf acturing a CMOS transi stor which is characterized
as follows. A first exanple enbodi ment conprises sone
of the follow ng steps. W pr%vide a gate dielectric
and a gate over a substrate. W formfirst spacers on
the gate sidewalls. W forma first dielectric |ayer
over the substrate. W form a non- confornal
dielectric |ayer over the first dielectric |ayer. W
then renove a first thickness of the non-conformal
dielectric |ayer toSunmdaey bhthd Imehtidnel ectric | ayer
over the first spacers. W renove the first dielectric
| ayer over the first spacers. W renove the first
spacers. W forma contact etch stop | ayer over the

su bSt‘l’fh%é&Sau s% feﬁfb%dirM\@?tEfo ‘fﬂ%@lle%\é’nﬁ ndbR LAV Rle! sft%%{ures and

over t rate surface. orm 1 nterconnects to

th / L0 regi ' t g :

b8gAE OE REEE sE AR YRR auhiB ST Rt gl as folows.
followng steps. W provide a gate dielectric and a
gate over a substrate. W formfirst spacers on the

gate sidewalls. W forma first dielectric |ayer over

t he Afist pxamaplegnbediment pypprises 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
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




conformal dielectric layer over the first dielectric

| ayer. W then renove 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
renmove the first spacers. W form|ow K spacers on the
gate. W forma second etch stop | ayer over the
substrate surface. W formam®IUD |ayer over the
second etch stop layer. W forminterconnects to the
source/drain regions. The invention al so conprises
exanpl e enbodi nents of devices of the nmethod exanple
thickesksEthe nah-chforaiahgsectThayabvexpasd thefimvdielectric layer
advant ages and features are of representative

cebad ﬂ'?@f‘é;?adé'ﬁé YW edBhoRk ehd st QPéh%‘ﬂﬁ lay8r @nsHRE first spacers.
excl usive. They are presented only to assist in
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they are representati
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or limtations ui val en to.the clai .
PRl staetor Moot fgg@gﬂ%@%@fsﬁﬁm@? squrcefdrain
cont r adi ctory in that they cannot be sinultaneously
'Bg©®89Ent in a single enbodinment. Sinmilarly, some

advant ages are applicable to one aspect of the

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, and inapplicable to others. Furthernore,
certain aspects of the clainmed invention have not
been di scussed herein. However, no inference should be
drawn regardi ng those di scussed herein relative to
those not discussed herein other than 6 for purposes
of space and reducing repetition. Thus, this summary
of features and advantages sgould not be consi dered
di spositive in determ ning eqgtival ence. Additiona
features and advantages of the invention will becone
apparent in the follow ng description, fromthe

drawi ngs, and fromthe clains. 7 Brief Description of
fohpurpoaes nfjspabiscarfdaducieg rapetitadv Ahuagbis sfmmary of features and
sem conduct or device according to the present

adveatigesrshanld ioimishemsitiztred Uspositiee pir detessindfy equivalence.
fabricating such a sem conductor device in accordance

Addiflortdd feRNRS NI éd%ﬁ(ﬁqe%rbf\@hé InveBLEP Gl SdRRd ¥pparent in the
understood fromthe follow ng description taken in

a i n which
BRUMOGREERI okl FSGRTRIAN BorfHB MRS,
corresponding el ements, regions and portions and in
whi ch: Figures 1 through 5 and 6A and 7A are cross
sectional views for illustrating a first exanple
nmet hod of the invention for form ng a seni conduct or
devi ce.




Figures 1 through 5 and 6B, 7B and 8 are cross
sectional views for illustrating a second exanple

nmet hod of the invention for form ng a seni conduct or
device. 8 Detailed Description of the Exanple

Enbodi nents 1. First exanple enbodi nent The exanpl e
enbodi nents of the present invention will be described
in detail with reference to the acconpanying

drawi ngs. The first exanple énbodiment provides a

met hod of renoving spacer from gates and incorporating
a low -k material in the ILD |ayer to increase device
performance. An exanple of an device whose
performance is increased is the ring oscillator.
Preferably, the source drain regions have a silicide
contact |ayer thereover. An aspect of the enbodi nent
renoves spaces froma gate and fornms a low K I LD | ayer
near the gate. WifefDésdriHaWBE theppadingant al so

i ncl udes device/structure enbodi nents. A~ Substrate
havi ng a NFET region, a PFET region and a peri phera
region As shown in figure 1, we provide a substrate 10

nart Hiherreplirds A =8larGues of AspmitE R AavES efouing to 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
iHustrating a second example method of the invention for forming a semiconductor

device.



region(s) 24 at |east between the NFET region 12, the
PFET region 14 and the peripheral region 16. Figure 1
shows isolation regions 24 al so between the PFET and
NFET regions. 9 In 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
sidewal I s; NFET source/drain regions 25 in the NFET
regi on adjacent to the NFET sbacers 26. The spacers
can be conprised of one or nore | ayer or different
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, BEFaTleQﬂQeé‘&tpﬁ’é}ﬁoPﬁfJ ERBAPAE Emfodiindrits PFET
gate 38 sidewal | We * provide PFET source/drain

regions 33 in the PFET region 14 adjacent to the PFET

[SPacgt; t@anﬁiﬁgﬁn%&lﬂédtc' de regions 34 are forned
over t e PFET source/drain regions 33. The PFET cap

40 | refer copprised of silicjde. The a ,
can éPec@F%?FP t?ﬁ‘ﬂgﬁ@*%g the pgeqegg,@vegt,lorawﬁistg} é‘?ﬁc”bed n
materials. In the peripheral region 16, we provide
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region 16. The peripheral gate structures are
erobpdimeat pufvides a method of removing spacer from gates and incorporating

a low —k material in the IL.D 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.




peri pheral gate 40, peripheral spacer 44 and

peri pheral cap 48. The peripheral gate structures are
exanpl es of routing poly gate. In this case, the
gate-gate pitch is tighter hence the potentia

capaci tance reduction fromchanging the nitride to a

| ow- k spacer may be greater. The interconnecting poly
can have a high poly-poly intra-capacitance that can
potentially adversely affect ®ircuit performance. The
gates in the peripheral region can be part of the ring
oscillator device. 10 The substrate has an
(peripheral) isolation region 24 over at |east a

por t iletheoNFEMaepin, plregralideegNBBET Late dintedifie?9, NFET gate 30,
peripheral gate structure 49 is over the isolation

NeET e8p 33he. 95t§|kt§§él)f BNEEDN shacdra@e tHe INFE Rgatal Jocdidewalls;
process. B. forma first dielectric layer Referring

N@Ef sggrrc%/d?'aln"\% o‘?n%’ﬁSamfthé iF e Eﬁﬁlf édijﬁcér%f@ Ehéﬁ FE‘fesfpacers

he substrate | east the NFET region 12,
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first dlelectrlclayer %})%n be conprised, of oxide,
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undoped oxi de; and can have a thi ckness between

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.




50 and 100 angstronms. C. non-conformal dielectric

| ayer We then forma non-conformal dielectric |ayer 54
over the conformal dielectric |ayer 52. The
non-conformal dielectric layer 54 preferably has a
etch selectivity to the conformal dielectric |ayer.
The etch selectivity can be greater than 2:1. The
non-conformal dielectric |ayer can be conprised of
nitride, SION or SiC and pri€erably of PECVD nitride
or a HDP nitride. 11 The non-conformal dielectric

| ayer 54 is thicker over the PFET cap 40 and NFET cap
32 and the substrate (such as a thickness between 200
and 60 Abs{rateyisas amé)gripghesal) Bukation hegiBR 2R @uwed aNEESt a portion
spacers 36 28 sidewalls (for exanple a thickness
diethaveenpiilaldictb0s, AirldaRe spénpieydl .gakk efrectald ¥9 tdever the
rati o between the non-conformal |ayer 54 thickness
i8h19N6En tdgoFETs & substrate to the thickness over the

spacers/sidewal | s is at |east about 2:1 (e.g., between

L 5 @y Rickhe 486 peMiale BERGSY bloeaieabal than 411

The non-cont orne el ectric t hi cker
over approximately horizontal surfaces than over

sl opegl or eht fifde GRIdARETayer

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 1
doped oxide; and preferably of undoped oxide; and can have a thickness between

50 and 100 angstroms.

C. non-conformal dielectric fayer

We then form a non-conformal dielectric tayer 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.



In a non-uni form (non-conformal) deposition process,
the deposition is nore directional (top down deposits
faster than horizontal). D. renpove 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

t hi ckness (e.g., portion) of the non- conformal

nitride layer 54 in the NFET1ﬂegion 12, preferably
using an anisotropic etch, to expose the confornal
dielectric layer 52 over the spacers 28 36 44. The
first thickness is between about 33 and 66% of the

maxi e ddn-cdofiessal didledttie layen Sdos thockemloveather PEAT cap 40 and
E. renove the conformal dielectric |ayer over the PFET
NPT 855 32Mndthe RabstFtedbaclpes bphiekedssspawees 206 sidBN0 A
in figure 4, we also renove the conformal dielectric

(Eﬁ%ﬁfon'é%%%ovetr S BFET &RﬁNPEEF spRcefF el 28 BRIeRls Z8r example

peri‘pheral spacers 54 conf or mal dlelectrlc
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erryl ng ayers ni ng non- con yer
nsoAh cI:onformaﬂ Iayer 3 tﬁlc nesfga g’é(ove the FETY'& sthtrgtB?g #eSthickness

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.




Referring to figure 5 we renove the renove the PFET
spacers 36, NFET spacers 28 and peripheral spacers

54. The spacers can be renoved using a selective

i sotropic etch, such as hot phosphoric acid or HF/ EG
(Ethyl ene Gycol). The remaining dielectric |ayer 52

is used as an etch mask. The silicide regions are
protected fromthe spacer etch by the overlying first
dielectric layer 52. G formld contact etch stop |ayer
Referring to figure 6A, we can forma contact etch

stop layer 56 over the substrate surface. The contact
etch stop layer 56 can be conprised of SIN, SiC, or

Si ONmnd rémoweahecabifyrmanaielcettc tycd dirercthd REET lspacers,
a thi ckness about between 100 and 1000 (A) Angstrons.

13 H. fowpey bpuedisHrml §6fibhérdl 3paterver the

substrate surface Still referring to figure 6A we
forma low k djelectric, |ayer 60 over the substrate

o £ ARSI & T RS T el B DR BT oFer 52 over
dielectric constant (k) between 3.7 and 1.0; and

the BFETagnaress #6. NEET sRapers. 28 antheenhgr ¥ spreedcit-i Ehe

| ayer 60 can be conprised of fluorine-doped silicare
cghbss| dietpciriciager &28ape resonen wilbpeselextivestrads the
(e.g., k =2.7), inorganic spin

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 8A, we can form a contact etch stop layer 56 over the
substrate surface.

The contact etch stop fayer 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.




on films such as hydrogen sil sesqui oxane (e.g., HSQ
k=2.9) and nethylsilsesqui oxane (e.g., M5Q k=2.6)
and organic spin-on filnms (such as Si LK (k=2.65)) or
porous net hyl sil sesqui oxane(e.g., porous SILK (k=1.5).
1. conplete 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 cdipl eted using convention
processes. Non-limting exanple benefits of the sone
features of the first enbodi nent The first exanple
enbodi ment provi des a nethod of renoving spacers from
gat edH.( e. gormpoloy KidigRrtee thyierQviep th@sLbStratd SiWfake
material ILD |layer to increase device performance. An
exanpl e of an device whose performance is 14

i ncreased is the ring oscillator The gates in the

e R Blctd | Bar RsPRih dow 4 A1l rﬁﬁ"@oscé(ﬁw\%rof

because deI ay s a function of R ge& stance) * C
subsisale YiRce) Thedae k dislerdric bver camnbaya piglectic constant (k)

capaci tance, the |lower the delay, which translates to
ehween shardl1.0Pasd erefsraply affelessancaOdrain r egi ons
have a silicide contact |ayer thereover. The silicide

cont dtte loWay dielaxdnic Bgevel aan s seghrisst @b fltioripe-deped silicare
the contact etch fromgouging into the

glass (e.g., FSG, k=3.2), carbon doped CVD oxides (e.9., 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 methylsilsesquioxane(e.g., porous SiL.K (k=1.5).

1 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




silicide). The silicide regions reduce the resistance,
t hus can reduci ng delay). An enbodi nent renoves
spacers fromthe gate and fornms a |ow K I LD | ayer near
the gate. Il. second exanple enbodi ment - formlowk
spacers The second exanpl e enbodi nent of the invention
i ncorporates |lowk spacers by replacing the
traditional spacers after silicidation serves to
reduce the parasitic capacitidnces thereby inproving
ring oscillator performance. Also, by inplenenting
the Il owk spacers only after silicidation, the | owk
spacers are not conpronised by nultiple high dose ion
ihtriebged rtthenmgandilaesi She ghtesin Sepsriphbral regiodnen be part of
exanpl e enbodi ment al so i ncl udes devi ce/structure
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iment is simTar to the first enbodi nent from
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an exan‘pl e xan‘p i ment
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Iayer can serve as an etch stop to 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 exampie embodiment of the invention incorporates low-k
spacers by replacing the fraditional 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.




or SiN and nore preferably conprised of SiC, and can
have a thickness between 50 and 300 angstrons. B.
forma low k dielectric |ayer Next, we forma |ow k
di el ectric |l 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 |ess than
3.0. The low k dielectric layer 158 can be conprised
of fluorine-doped silicate dPass (e.g., FSG k=3.2),
carbon doped CVD oxides (e.g., k=2.7), inorganic spin
on filnms such as hydrogen sil sesqui oxane (e.g., HSQ
k=2.9) and nethylsilsesqui oxane (e.g., M5Q Kk=2.6)
and dirganistnseipreaessifot the sesucd eaboBirh&nt i§ lsirdil6%) heafidt
por ous net hyl sil sesqui oxane (e.g., SILK (k=1.5); and

&abodleat fomi ijupk @36 SbEIGVERN1 808 st BBl FBOah g Shb@Bh example
16 C. formlow K spacers on the NFET, PFET and

Aehé BESS elithSie enﬁﬁfd%éh?g to figure 7B, we

ani sotropically etch the low k dielectric layer to
formlow K spacers 158 on the NFET, PFET and

m | ow | | PFET :
on (R 1 ol APLE R G Sop 1A0G SR RE ST e Shr ke

the silicide regions 26 36.
Referring to figlire 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
tow 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., SIiLK (k=1.5); and can have a

thickness between 300 and 1000 angstroms.




D. forma second etch stop layer As shown in figure 8,
we forma (optional) second etch stop |ayer 162 over
the substrate surface. The second etch stop | ayer 162
can be conprised of SiN, carbon doped SiN or SiC and
is preferably conprised of SiN and can have a

t hi ckness between 200 and 800 angstrons. The second
etch stop layer is preferably used as an etch stop
for subsequent the contact vil opening etch through
the ILD layer. E. formIILD |layer As shown in figure
8, we forman interlevel dielectric (ILD) |ayer 168
over the substrate surface. The ILD |l ayer can be

conprg, sed ferim $owirC 8paciersxonithe NEETY PFET aidd pedphsidieftes
and lowk dielectrics. F. formcontacts/interconnects

et ch%e?%rﬁ%&?ﬁéw%pf%'éﬁ%%ﬁ?% [ gikafe %sltc'? t*i‘ &k G fover to
X S/ D 1l1ici

R oW stpgsis 1 ot NE B3 R ot heE B0 p 26,

t he NFET and PFET source/drai n regions 25 33 and gates
(not TéeARsotrogic dehstonrsman the lpwd@etﬁaﬁ&n leyen o4 ﬂ@reby

second exanpl e enbodi nent
protecting the silicide regions 26 36.

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 lILD 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/inferconnects

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

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




The second exanpl e enbodi nent of the invention

i ncorporates |owk spacers by replacing the
traditional spacers after silicidation serves to
reduce the parasitic capacitances thereby inproving
ring oscillator performance. Traditional spacers wth
Si N have high k val ue which increases the parasitic
capacitance and in turn increases the circuit del ay
(del ay=R*C). Al so, by inplenddting the enbodinent's

| ow-k spacers only after silicidation, the

enbodi nent's | owk spacers are not conprom sed by
mul ti pl e high dose ion inplantations and resist strip

st epsnuky Gl f@ﬂh”cgntra%@?ﬁz bheirkélcehdtenesstodhe NFET and PFET

| ow k rraterla H. non-limting exanpl e embodi ments
sébFJéS’ ;‘% siﬁ’@@%h@ B?@lﬁb\g cribed relative to
spec:| i Asulat1 ng ter| conductive materials

and apparatuses for dep05|t|ng and etching these
materials, it is not [imted to the specific materials
or apparatuses but only to their specific

char terl tics .
and BipabiSres Ben Gl nER GGt e A o Sl Pnapgment
other materials and apparatus can be 18 substit ut ed

as i sThebecanderasne @mijodimestofshe inveatiomindeeporates low-k

m croel ectronics arts after appreciating the present
spaverst hyorep@Ecrentheheditioriab syacdrs eftboslicieation sdrvedho reduce the

present invention just descri bed,

parasitic capacitances thereby 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




t he above description and illustrations show not be
taken as limting the scope of the present invention
defined by the clainms. Wiile the invention has been
particularly shown and described with reference to
the preferred enbodi nents thereof, it wll be
understood by those skilled in the art that various
changes in formand details may be made w t hout
departing fromthe spirit and8scope of the invention.
It is intended to cover various nodifications and
simlar arrangenents and procedures, and the scope of
the appended clainms therefore should be accorded the

SRbomdest ad RLESIPIRIR$t008 byQhaSe tKllle®@NCPEPASD R diroRiBarts after
nodi fi cati ons and simlar arrangenents and procedures.

ai@reé{g}ﬁgg Jaé’érﬂ%e‘nﬁonl A nmet hod of fabrication
n uct

m co devi ce; conprising the steps of: F

pr OV'(ﬁjbé}gthae \%t 81* &JHB&BI &%éééiﬂﬁfhg?pr?é@ﬁﬁﬁ\%%ﬁon L(lj'St cfePcnbed

providing a ga over sal f : ric
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the substrate; formng non-conformal dielectric

thgp@se@@g}vegg@rﬂdeﬂmb)ﬁﬂ@ RIS ¢ | ayer;

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. 1t 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.




renoving a first thickness of the non-conformal
dielectric layer to expose the first dielectric |ayer
over the first spacers; renoving portions of the first
dielectric |ayer over the first spacers; renoving the
first spacers. 2. The nethod of claim21 which further
conprises: formng a contact etch stop |ayer over the
substrate surface; formng a low K dielectric |ayer
over the substrate surface; f8rming interconnects to
source and drain regions adjacent to said gate. 20 3.
The nmethod of claim 1l which further conpri ses:
provi di ng source/drain regions in said substrate

adj acent to said first spacers; 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 nmaxinmum

I t..sai d non-conformal dielectric |ayer. 5.
LRy

_ of claim1 which after the step of renpving
8ol P BRREA T M PPt S P B0,
over pffohv?diﬁg %Sg}artg td?elgcl:ﬂig %\9&5 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;

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;

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




formng an ILD | ayer over said second etch stop |ayer;
formng interconnects to said source/drain regions. 6.
The nmethod of claim 1 which further conprises: formng
a low k etch stop | ayer over the substrate surface;
formng a low k dielectric |ayer over the low k etch
stop layer; anisotropically etching said | ow k
dielectric layer to formlow K spacers on said gate
the ani sotropic etch stoppi ng%n said | ow k etch stop
| ayer; formng a second etch stop |ayer over the
substrate surface; formng an ILD | ayer over said
second etch stop layer; formng interconnects to said

3 qhieaRétiodiof clagl oRlichZdrthét.confieisest hod of claim 1
\Nhl ch further includes performng steps to forma ring

b&lhi@sg%uﬂﬁéldl‘éﬂ] redjiorfs iARBRPsLIetratabdjaeadtt toaid first spacers;
sem conduct or devi ce; conprising the steps of:
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region providing a FET gate,
spacers on the FET gate sidewal |l s, FET source/drain
regions in said FET region adjacent to said FET

45; %er%gthog e aimn1gwﬁgl:|<-ainS {h% ﬁc'rsé t'h?c'k%gssr Fsgoe(%\%eﬁ) \é%outs fé and 66 %

of the maximum thickness of said non-caonformal dielectric layer.

5. The method of claim 1 which after the step of removing the first spacers: further
comprises:
forming fow K spacers on said gate;
forming a second etch stop layer over the substrate surface;
forming an ILD layer over said second etch stop layer;
forming interconnects to said source/drain regions.
6. The method of claim 1 which further comprises:
forming a low k etch stop layer over the substrate surface;
forming a low k dielectric layer over the low Kk etch stop layer;
anisotropically etching said low k dielectric layer to form low K spacers on said
gate; the anisotropic etch stopping on said low k etch stop layer;
forming a second etch stop layer over the substrate surface;
forming an ILD layer over said second etch stop layer;

forming interconnects to said source/drain regions.




source/drain regions; providing peripheral gate
structures over said peripheral region; said

peri pheral gate structures are conprised of a

peri pheral gate, peripheral spacers; formng a
conformal dielectric |ayer over the substrate at | east
the FET region and the peripheral region; formng a
non-conformal dielectric |layer over said confornmal
dielectric layer; renoving &%irst thickness of the
non-conformal dielectric layer in the NFET region;
usi ng an ani sotropic etch, to expose the confornal
dielectric |ayer over the FET spacers; renoving the

T ot Btod dif el et T whidhdyrherdueudéd peffbrming ategrssto fama a ring
t he peripheral spacers; 22 renoving the FET spacers
argkcmefdrria@ical spacers. 9. The nethod of claim8 which
further conprises: formng a contact etch stop | ayer
over the substrate surface; formng a lowK
dielectric | ayer over the substrate surface; formng

é.n}\%&ﬂ%}%ﬂa%ritcgtigr‘?isgmfc%ﬁductor device; comprising the steps of:

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

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

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

peripheral spacers;

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

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

removing a first thickness of the non-conformal dielectric layer in the NFET
region; using an anisotropic etch, to expose the conformal dielectric
layer over the FET spacers;
removing the conformal dielectric layer over the FET spacers, and

the peripheral spacers;




10. The nmethod of claim8 which further conprises:
formng a low k etch stop | ayer over the substrate
surface; formng a low k dielectric |ayer over the
| ow k etch stop | ayer; anisotropically etching said
low k dielectric layer to formlow K spacers on the
FET gate and peripheral gate; the anisotropic etch
stopping on said low k etch stop | ayer thereby
protecting the S/D silicide #2gions; fornming a second
etch stop | ayer over the substrate surface; formng
an I LD | ayer over second etch stop |ayer; formng

i nterconnects to said FET source/drain regions. 11.

The weinbohgahe CET spabevhandporistairdl spdosts.at e has an

i solation region over at |east a portion of said
peri pheral region; and said peripheral gate structure
is over said isolation region. 12. The net hod of

of e BNAAK el ¥l A cRANRAT LRS! el ect T ¢ | ayer is

t hi cker  over about horizontal surfaces than over

sl oped or rtical hod of
c}%m%gﬁﬁéf""&f %&ﬁhségéj{afygf 8?% tﬁér? (Lelégh’?%@glg?&%’en about
33 .and ,66% of tPe maxi mum. t hi ctllme s of said
BN BTG PIeT 8 8K T 125 BYOSURle SHRSTet hod of
claim8 which further_includes performng steps to
farating ditericagnects to said FET.

10. The method of claim 8 which further comprises:
forming a low k etch stop layer over the substrate surface;
forming a low k dielectric layer over the low k etch stop layer;
anisotropically etching said jow k dielectric layer to form low K spacers on the
FET gate and peripheral gate; the anisotropic etch stopping 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 efch stop layer;
forming interconnects to said FET source/drain regions.

11. The method of claim 8 wherein said substrate has an isolation region over at
least a portion of said peripheral region; and said peripheral gate structure is
over said isolation region.

12. The method of claim 8 wherein said non-conformal dielectric layer is thicker

over about horizontal surfaces than over sloped or vertical surfaces.




oscill ator device.

23

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.




