1 6 FEB 2U 5 A METHOD FOR A SHORT CHANNEL CMOS TRANSI STOR W TH SMALL
OVERLAY CAPACI TANCE USI NG | N- SI TU DOPED SPACERS W TH A LOW DI BEUEETRI A5
CONSTANT Background of Invention 1) Field of the Invention This invention
rel ates generally to fabrication of sem conductor devices and nore
particularly to the fabrication of a MOS transistor using a replacenent

gat t ransistor has low and high K gate dielectric
I ay%? W@ﬁimﬁ%f%ﬁ‘iWO%rTR‘?‘%?%'ﬁ@Bn@I'B?e%F nOYRRERY| ce
Wanu&%ﬁ%ﬁ%ﬁiﬁ%J s .required because of the constantly increasing density of
seni ¢8 el i T TS B r2eRRP cPPATRRS MERTHE okt LV nBIEWRETREGI | ity to
control the gate length in field effect transistors (FETs) is of -

i nportance. Wthout the abilityCONSIRNT en gate length, an increase in
density and circuit performance could not be acconplished. Al so, because
of the reduced gate lengths, there is a need for an inproved process that
. reduces- the junction capacitance between the source/drain extension

| ateral overlap and thesgatgrodnd &f FEBvER950n

1) Field of the Invention

This invention relates generally to fabrication of
. semiconductor devices and more particularly to the fabrication
of a MOS transistor using a replacement gate process and where

the transistor has low and high K gate dielectric layers.

2) Descriptién of the Prior art

Increasing.precisioﬁ in device manufécturing is
required because of the constantly increasing density of
semiconductor devices in integrated circuit manufacturing. The
ability to control the gate length in field effect transistors
(FETs) is of impertance. Without the ability to shorten gate
length, an increase in density and circuit performance could not
be accomplished. Alsc, because of the reduced gate lengths,
there is a need for an im@roved process that reduces the
junction capacitance between ?he source/drain extension lateral

overlap and the gate.



Present gate manufacturing nethods result in non- uniform gat ,%gﬂgk@
circuit damage fromreactive ion etch (RIE) of the gate |line P 5
require additional processing steps. For exanple, a substitutional gate
-method (e.g., replacenent gate nethod) of producing FET gates uses an.
oxide plug that is created using an anisotropic etch. The oxide plug is
then coated wth polyner and its surface is planarized. The plug.is then
-renoved and substituted by gate metal, through lift-off techniques. There
are several disgﬂvan ges |n usi the oxide plug method. First, it
requires a larg adében Wﬁg@%lr& Feddwdn é%fissu%"ecldhdlors-pacer s
cannot_be used in an oxide plug nethod to reduce gate size. Third, the

| i fARIFITT FhrG qhenT by eF BFGULT nfleBagRefsPRerandtiticcknesstoh t(REEgat e
metal line nmaking the process virtually inpossible for sub mcron gate
IeﬁgﬁH@heAm@t@ellmeﬁhodndgarnreqe$ranaadas®bnamlprdtebeihglgteggqh process
to control gate length by etching an opening instead of a plug. A

di efectexawse deposibedi thenohhe gate m@ﬁﬁaiﬂngel §.2nkapiheRnedk! Y R E
etched down to the substrate to define gate dinensions. The openlng is

fildege whiéthédp gatgrostenlakEangdatbe £9RsSURT @&?d@f 10§ 9ate Lisne is then

~patterned wth photoresist and etched. Again there a? gevera
created using an anisotropic etch. The oxide plug is then coated
with polymer and its surface is planarized. The plug is then
removed and substituted by gate metal through 1ift-off
techniques. There are several aisadvantages in using the oxide
‘plug method. First, it requires a large increase in photo and
process steps. Second, spacers cannot be uséd in an oxide-plug
method to reduce gate size. Thifd, the lift-off téchnique
severely limits the size and thickness of the gate metal line
making the process virtually impossible for sub micron gate
lengths.
| Another method again uses an anisotropic dielectric
etch prdbess to control gate length by etching an opening
instead of a plug. A dielectric is deposited then the gate
opening is anisotropically RIE etched down to the sﬁbstrate to
.define gate dimensions. The 6pening is filled with the gate
material and the top surface of the gate line is then patterned

with photoresist and etched. Again there are several



1&FEB200O di sadvantages to this nethod. Since the gate is patterned and
etched leaving full thickness on top of the remaini ng oxide, qq§pgglgwkuity
of the device is lost, requiring additional dielectric planarization
techniques. prior to routing interconnect netallization. In addition,
spacer technol ogy cannot be used. Wthout spacer technology, it is

di ff.icult to opti.m for high device performnce w thout introducing

dr aﬁlrlsé}&ﬁfcﬁﬂ:teacg sartd éi’emﬁ 5%%%% ogr‘”b%‘?/i@ée bk dbrP 2B FoEd pReBl ens. Thi s
limt E? er formance and scal ability of the device. A third nethod for
corﬁtr%}ei ﬁge%va&%g | 'Bhigt iRt he O%a Tow DF eeir eemaighngl exshde debkety, RIE
etch tool which typically etches material in the five to ten mllitorr

r amyenaUnderok Hese N i bhslostan bedebt Hopi edet chowdl t ke yateriat eri al
can be obtained. Again there are several disadvantages to this mnethod.

Da g adice ok iant et b g s ayride gateowntegi ahtedeposétton and etch
process can degrade device performance by creating surface states or
destertoyl nz atieorcr ysi adddi timt urspater t heclhesi cgndushost PeS@setihe gate

di rensi on cannot be reduced below the capability of the photoresist

al inrenit taedcst Neechiso teawp) | i Spaseasteanaot e ysedni 9eShEENk e gate
openi ng beyond its resolution capability. 3 '
device performance without introducing drain induced barrier
léwering or device breakdown control problems. This limits the
performance and scalability of the device.
A third method fof controlling gate length would be
a low pressure, high plasma density, RIE etch tool which
—typically etches material in the five to teﬁ millitorr range.
Under these conditions, an anisdtropic etch of thé gate material
can be obtained. Again there are several disadvantages to this
method. Damage and contamination from the gate material
deposition and etch process can degrade device performance by
"creating surface states or destfoying the crystal structure of
the semiconductor. Also, the gate dimension cannot be reduced
below the capability_of the photofesist alignment tool since
- sidewall spacers cannot be used to shrink the gate opening

beyond its resolution capability.



J 6 FEB 206, E Because of the reduced gate |lengths, there is a qu% gchan
i nproved process that reduces the junction capacitance between 5 2065
source/drain extention |ateral overlap and the gate. The inportance of
overcom ng the various deficiencies-noted above is evidenced by the
extensive technol ogi.cal developnent directed to the subject, as docunented
by the rel evant 88% £0L ap %echnlcal it rTéure The cl osest and
apparently nore re evan? ﬁnFSchﬁgng FEGLPS ¢ fBeTfaténe Meesh at ure
eaned conS|der| 6, 087, 208(Kr|vokap|c et al.) recites a
r ep acerrer?t act e prpgce%e'sSS aﬁt O‘EEId‘fS?L? Xihgl Wichio) eHorel barepl acement
r oc wth a |gh k gate dielectric. US 6,033,963(Huang) teaches
erjféff Sﬁ &' 9t gessans e ?%ﬁﬂ%ﬁ@@ﬂ/@@)a@fﬂm‘tm gate.
5 966 597(VV|ght) show repl acenent gate processes. Summary of the Invention
It is an object of the present invention to provide a nethod for
fabricating a MOS transistor using a replacenent gate process. 4 1 6 FEB
2005 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 bé gleaﬁed by considering US
6,087,208(Krivokapic et al.) recites a replacement gate process.
Us 6,087,231 (Xiang et al.) shoﬁs a replacement gate
process with a high-k gate dieléctric.
US 6,033,963 (Huang) teaches another replacement gate

process.

US. 5,447,874 {Grivna) and US 5,966,597 {(Wright) show

replacement gate processes.

Summary of the Invention
It is an object of the present invention to provide

a method for fabricating a MOS transistor using a replacement

gate process.




It is an object of the present invention to provide a nethod fors »eep 2005
fabricating a field effect transistor (FET) having conposite or parallel

| ow and high K gate dielectric layers. It i.s an object of the present
invention to provide a nethod for fabricating a field effect transistor
(FET) havi ng reduced, overlay junction capaci tance and form gate
dielectric Tx_LLers cont aini ng both | ow and hi Kdlelectrlc materials. It

is an object offtHé& ﬁ'rneé’é’ﬁte Ventlitth Hrc?sﬁ’rrtfv vert haht Hed R ¥bri cati ng
a field effect transistor (FET) havi n% an i nproved process that reduces

t R JRikeA ohoEapakTiaRtEnIbet heehdt RELSELr EEPBFAPROEXT ERS) ORaVAPET al
overlap and the gate. To acconplish the above objectives, the present

| NYeRRPBhtpr ovi Besadlatt hod endnhhahakt GﬁﬁﬁgdaeW%ttfmnéﬁsfﬁéﬁ with an

i mproved junction capacitance. Inportant elenents.of the invention are the
doped | ow -k spacers anditecthigh Khegateesdaitel artenttidayer . pAdreidow - k
spacers and the high K gate dielectric forma portion of the gate

di el eethbd fbat fabsigtting medueilngefifectuneckhnen s¢capadirEancaskdtween t he
source/drain extension |lateral-overlap and the gate. 5 16FEB2005 The

i nygabtea’ svertihQdjahckabhi ealaed tahc® ahliaFSiret @ teOMRkLI1$RE: i@l | owi ng the
steps. A dumy gate i s
- layers containing both low and high K dielectric materials.
It is an obiect of the present invention to provide
a method for fabricating a field effect transistor (FET) having

an improved process that reduces the junction capacitance

between the source/drain extension lateral overlap and the gate.

To accomplish the above objectives, the present
"invention provides a method of manufacturing a MOS transistor
with an improved junction capacitance. Important elements of the
invention are the doped low -k spacersr and the high K gate
dielectric layer. The low -k spacers and the high K gate
dielectric form a portion of thergate dielectric that assist in
reducing the junction capacitance between the source/drain

extension lateral overlap and the gate.



formed over a substrate. lons are inplanted into the substrate 1%%% @?e
dummy gate as an inplant mask to form source and drain regions. g ng
| ayer is formed on the substrate over the source and drain regions and not
over the dummy gate. W renove the dummy gate. In a key step, doped | owk
spacers are fornmed on the sidewalls of the masking |ayer. The doped spacers
are ‘heated to diffuse dopant into the substrate to formlightly doped
~drain (LDD regi éR§) infentdpm's Meghod edatfebrdiceltdcty icd d ayer over the
maski ng | ayer. A gate layer is forned over the high Kdielectric |ayer.
The-gntel 3 egercompehess chd Ll heehani taé spebs shi Agd@@Wp) ghoef Qsm a gate over
the high k dielectric layer and to renove the gate | ayer over the masking
| aylerzmathe dvwent | substcandi nalowns afet hepl ameKispacer tpadstpechihgh K gate
dielectric layer reduce junction capacitance between the source/drain

extensi@nthatdumhy oyeté aps and 1Melgat emabrcayseotheshQn-k spacgraouerlies
the S/D extension. (e.g., LDD). The |low k spacer has a |lower dielectric

conségndnand t has RS Kisiy ewered Pecauss C@ﬁ@ﬁ@%é&d@‘@f‘%& dl s is

inportant and a benefit because the devi ce has.faster signal propagation
7 andsb@r ST a | ¥Ba PN FE8  onb IREEBGLO03ver the dummy gate. We remove

'_the dummy gate. In a key step; doped low-k spacers are formed
on the sidewalls of the masking layer. The doped spacers are
hgated to diffuse dopant into the substrate to form lightly
aoped drain (LDD fegions}. We form a high k (gate) dielectric
layer over the masking layer. A gate laver is formed over the
high K dielectric layerf'The gate layer is éhemical-mechanical
polishing. (CMP) to form a gate bver the high k dielectric layer
and to remove the gate layer over the masking layer.

The invention's combination of the low-K spacer and
the high K gate dielectric layér reduce junctioh capacitance
between the source/drain extension lateral overlap and the gate
because the low k spacer overlies the S/D extension (e.g., LDD).

The low k spacer has a lower dielectric constant and thus RC is

‘lowered because Cépacitance is lowered. This is important and a

benefit because the device haq_faster signal propagation and

larger drive current.



In addition, the invention has the follow ng uni que features and benefits:
A no spacers surrounding the dummy gate ~ only a S/D inplant - noF&Bfiked
S/D region ™~ LDD forned fromthe out diffusion formthe doped spacers " a
~gate dielectric formed fromlow K and high K materials thus reducing the
junction capacitance ™ tapered gate owing to |l ow K spacers thus giving a
shorter channel_length. ~ The gate channel |ength can be controlled by
changi ng the si 2& a6RiHEdofd® 1w tsisae dras Byhe hamigh avgi ndhearainisot r opi ¢
etch time and anneal tinme. Additional objects and advantages of the
i et eresi andpeerefitadrth in the description that follows, and in part
“w Il be obvious fromthe description, or may be | earned by practice of the
i nvention. The objects and advantages of. the invention may be realized
and obtai ned by nmeans of instrunentalities and conbinations particularly
poi Mt @d eipladen st Reyvrapperd i i .dufudy GFHEB 2005 Brief Description of the
Drawi ngs The features and advantages of a sem conductor

(0 only a S/D implant - no diffused S/D region

] LDD formed from the out diffusion form the doped spacers

U a gate dielectric formed from low K and high K materials -thus
reduéing the junction capacitance

0 tapered gate owing to low-K spacers thus giving a shorter
channel length.

0

The gate channel length can be controlled by changing the size

of the doped low-k spacers by changing the anisotropic etch

time and anneal time.

Additional objects and advantages of the invention-
will‘be set.forth'in the description that follows, and in part
will be obvious from the description, or may be learned by
-practicé.Of‘the invention. The objects and advantages of. the
invention may be realized and obtained by means of

instrumentalities and combinations particularly pointed out in

the append claims.



device according to the present invention and further details of a process
of fabricating such a sem conductor device in accordance with t§g presgat
invention will be nore clearly understood fromthe foll ow ng description
taken in conjunction wth the acconpanying draw ngs in which |ike
reference nunerals designate simlar or corresponding el enents, regions
and “portions and in which: Figures 1 through 7 are cross sectional views

- for illustrating a method for manufacturing a FET according to the

present invention. 8 18 F E b 2005 Detailed Description of the Preferred
Enbodi ments The preBenefibesaripbishl brbehdepesivhbagsi n detail with
reference to the acconpanyi ng drawi ngs. The present invention provides a

met hod of form mpea feephacamend gatsiqss & dopedid QK. Spacer 32 and a
hi gh K gate dielectric layer 36. The invention reduces | unctl on

Capastiaacec-bet ey therhD ré@eﬂt’ l%Qn%rXLBﬁnéhB”%)lr%H@rt B%t%%tl% %% (See

FIG7). Inthis patent, a k" material neans a materi

dleé%fééésgoaﬁﬁ%r?@éi%% sacﬁeagseﬁ%skghé%éé o4t 1.8 0 2.2) and a

"high k material means a nateri al el ect em@%n%?ant of 3.0 or

h'géééoE&QnEQrﬁlEﬁeEﬁéaBL¥58nt invention will be more clearly

understood from the following description taken in Qonjunction
with the accompanying drawings in which like reference numerals
designate similar or corresponding elements, regions and
portions and in which: |

Figufes 1 ﬁhrough 7 are cross'sectional views for

illustrating a method for manufacturing a FET according to the

present invention.



greater than 5.0 In the exanple of the preferred enbodi nent, a NMOS device
is described, but PMOS and a conbi nati on of NMOS and PMOS can ‘pEFEﬁ 2008
fabricated as well using. the invention's process. A Dumy gate eferr@%g
to FIG 1, a pad dielectric layer 14 and an insulating |layer 18 are over a
substrate 10. The pad dielectric layer 14 and insulating |ayer 18 are
patterned to forma dumy gate 14 18 and openi ngs where source and drain
regions will be forned. The dumry gate includes both |layers 14 and 18. The
1 6 FEDb 2005 dummy gate 14 18 covers a first region 17 in the substrate
10 where DefRileshE¢sgrdiptson pl) thed Bref@mnred |Bmbsadifmentesd. That is the
dummy gate 14 18 covers a first region 17 where LDD are fornmed and a
channel region under a-gate is | ocated between the LDDs. The dummy gate
preferably has a width between 0.15 mand 0.25 m SID As showmn. in FIG 1,
ions are inplantied ppefontm isounteoanditdiabe gegcensed0inTHiesaiis an

i nportant step. The inventor's have found that it is critical to use an

| ORviitipIrsTe fiimeee S Atk Nicdldfius) AW aepss tond gsraddre. LDDs since the
i mpl ant process and subsequent thermal processes activate nore
invention provides a method of forming a replacement gate using
a doped low K spacer 32 and a high K gate dielectric layer 36.
The invention reduces junction capacitance between the LDD
(e.g., S/D extensions) and the gate 42. (See FIG 7).
In this patent, a "low k" material means a material
with a dielectric constant below 3.0 (e.g., preferably about 1.8
to 2.2) and a "high k " material means a ﬁaterial with a
dielectric constant of 3.0 or higher and more preferably of
greater than 5.0
In the example of the preferred embodiment, a NMOS

device is described, but PMOS and a combination of NMOS and PMOS

can be fabricated as well using the invention's process.

A. Dummy gate

Referring to FIG 1, a pad dielectric layer 14 and an
insulating layer 18 are over a substrate 10. The pad dielecfric
layér 14 and insulating layef 18 ére patterned to form a dummy
gate 14 18 and openings where source and drain regions will bé

formed. The dummy gate includes both layers 14 and 18. The

9.



dopant thus |nprOV|ng FET perfornance C. Suicide regions As shown in FIG
-2, suicide regions 23 are formed over the S/D regions 2.0. Thel$uikh @¥s
regions are self-aligned because no suicide forms over the dunmy gate 14
18 D. masking | ayer As shown in FIG 2, we forma masking |ayer 24 on the
substrate over the suicide and source and drain regions. The nmasking |ayer

referaq¥% ‘ﬁ qf depositing a dielectric 10 1 6 FE8 NO | ayer over

Qﬂﬂ%ﬁq Hhd T ROTHSUI At TPt 529198, Thehn wehe chighs baptrethani ca

pO|ISh (CWP). the masking layer to renove the masking |ayer fromover the
dutifipfatle I 1PreRidrding Pk G5 aedzerovi hy baefduney. gihet14 18.

The dummy gate structure 14 18 (e.g., insulating layer 18 and the pad

d|éHédﬂVic§ yegergady 14 b&e¢@veb$yarénnvédregiog a7sehecti ubDekeh. E.

Spacers As shom1|n FIG 4,"a doped dielectric layer 30 is deposited over

t heforasdd rand sy ech@2dnahdrédisos ubbsiient & ¢ténisheoehassehetRgeANthEhe doped

dielectric layer 30 is preferably conprised of a in situ POCL3 doped | ow K

si lnmms. oxiKle dBhffighte preferably has a width between 0.15 pm and

0.25 um,

B. SD

As shown in FIG 1, ions are implanted to form
source and drain regions 20. This is an important step. The
inventor'e have found that it is critical to use an ion implant
process and not a diffusion process to form the LDDs since the
“implant process and subsequent thermal processes activate more

dopant thus improving FET performance.

C. Silicide regions

As shown in FIG 2, silicide regions 23 are formed
over the S/D regions 20. The silicide regions are self-aligned

because no silicide forms over the dummy gate 14 18

D.  masking layer

As shown in FIG 2, we form a masking layer 24 on the
substrate over the silicide and source and drain regions. The

masking layer is preferably formed by depositing a dielectric

10



and. t he doped dielectric layer 30 has a thickness of between about 3000
~and 5000 A. The doped dielectric |layer 30 preferably has a do anF 8
concentration between 5E15 and 5E16 atons/cmi. Note that dope & EPéQQric
| ayer is not doped by an ion inplant process. The invention's insitu doped
dielectric |layer has a high doping. concentration |evel than dielectric

| ayer.s that ar.e doped by an |/ rocess after the dielectric layer is
de);;l;%s‘fsetrea‘?v%etef?% T e %Cé)e‘g‘l? o5 tiednlaxedel 41 1TBerEBL 2005
material is doped as it is fornmed and deposited, not doped after it is
de&gﬁ%lﬁﬁl"&eﬁ?ﬁwﬁ a3 ([ @MRhi Eet ropi kg yleyeh therdoped tdeel ectric
| ayer 30 to form doped spacers 32 on the sidewalls of the masking |ayer

24 DAl g gAY & pegreraity e edeuny dyditof 14 be8ween about 0.01 and 0.0.3 gm
LDD Next, we heat the doped spacers to diffuse dopant into the substrate
10 to formlighRefedoped doaifG( BPDwee giemids)i ng34hel RRinniy0hidde doped drain
(LDD) regions are formed by heating the doped spacers to a tenperature in

tEéﬂianﬁmecdummngmme80@tﬁhcﬁmﬂe1D@01£1f@é.@.;iﬂﬁsﬁggﬁgﬁg Pagad 15 minutes.
The LDD 34

and the pad dielectric layer 14) is preferably removed using

‘a selective etch.

i E. Spacers

" As show in FIG 4, a doped dielectric layer 30 is
deposited over the masking layer 24 and the substrate 10 in the
channel region. The dopedrdielectric layer 30 is preferably
comprised of a in situ POC1; doped low K silicon oxide material
and the doped dieleétric layer 30 has a thickﬁess of between
about 3000 and 5000 A. The doped dielectric layer 30

preferably has a dopant concentration between 5E15 and 5E16

atoms/cm?.

| Noté—that doped dielectric layer is not doped by an
ion implant process. The invention's insitu doped dielectric
layer has a high doping concentration level than dielectric
layers that are doped by an I/1 process after the dielectric

layer is deposited. The in situ POCl; doped low K silicon oxide

11



preferably have a concentration between 5E13 and 5E14 atons/Cn2 and a
‘Wi dth between 0.01 pmand 0.03 mand a nmaxi num depth between 300g#t®d 2409
A. The heat treatnent is preferably a | ow Tenperature heat treatnent so
not to affect the silicide properties Al so, the channel |ength can be
controlled by the spacer 32 size (wdth) (e.g., thickness or etch

durati qn)_.and eat . tenperature and tine. 12 1 6 FEB 2005 G High K | ayer
36E§%?%g%%ﬁl%%l S ,a%w9§cﬁ§n€§WW%ﬁl$P i @PRREFFR) Ayt d%Be@v@gt@he
masking | ayer 24. The high k dielectric layer 36 has a thickness of
betj_%eé% &g%iﬂsjffﬁfiand 300 k. The high k dielectric layer 36 is conprised
of nitride, transitional oxides, (e.g., Tantalium pentoxide, H 02, etc.)
and has a K greédfefhehanis. 6I&nd  nmvee aprisiodralpiyadrieatdcht har Slogdd Gate As
showmn in FIG 6, we forma gate |ayer 40 over the high Kdielectric |ayer
36.dImnlee qfat ec | aeer 430 i o cohmpn i depedf spaeeas s32 eog. thi s THewhT) sosrdoped
polysilicon. The gate is preferably a netal gate conprised of W Ti, Ta,
Ni tdre @rasking layer 24. The spacers preferably have a width of

between about 0.01 and 0.03 un .
F. LDD

Nexf, we heat the doped spacers to diffuse dopant
into the substrate 10 to form lightly doped drain (LDD regions)
34. The lightly doped drain (LDD) regions are formed by heating
the doped spacers to a temperature in the range of between 800 °C
and 1000 °C for a time between 5 and 15 minutes. The LDD 34
preferably have a concentration between 5E13 and 5E14 atoms/Cm?

and a width between 0.01 um and 0.03 um and a maximum depth

o

'between 300 and 400 A.
The heat treatment is preferably a low Temperature
heat treatment so not to affect the silicide properties
Also, the channel length can be controlled by the

spacer 32 size (width) (e.g., thickness or etch duration) and

heat temperature and time.

12



As shown in FIG 7, we preferably chem cal - mechani cal polishinggéqgﬁ?2®ge
gate layer 40 to forma gate over the high k dielectric |ayer d
renove the gate |layer 40 over the nmasking |ayer 24. The gate between has a
wi dth 43 over the channel (e.g., over the high k 36, but not over the
spacer 32) between 0.12 and 0.28 pm 13 18FES2005 1. Benefits The

inventigR's ¢ j j the I ow K spacer 3.2 and the high K gate
dielectﬁ?b |é§§?’§2h?§£éﬂi|e 7) reduce junction capacitance because the

| ow k spacer overlies the S/ID extensions 34. In addition, the invention
has the fol | owhg stivgué nf §dGurtes wanddrenef ittissh 'k nid eSpageris SWyaundi ng
.the dumy gate »~ only a SIDinplant - no diffused S/Dregion »~ lowK insitu

dop¥l sspacerhe masiding laverthe. gate opeai AYgh "k LPB:{ oL pepd.f ﬁ?%gbt:he out
diffusion formthe doped spacers " a gate dielectric forned rmlow K and

hi gt Kamter il Skited APEE efle BRb &n ONBHG t 01 hOVWS KySPAGELS t Lehding a
shorter channel length. ~ Self-aligned LDD to tﬁe |%ﬁ/k@§%a%%§5 kt shoul d
be diesogrized 183 MEYi PUBLLGAL508S0f nitride, transitional

"oxides, {e.g., Tantalium pentoxide, Hf0O2, etc.) and has a K

'gréater than 3.0 and more preferably greater than 5.

H. Gate

| As shown in FIG 6, we form a gate layer 40 over the
high K dielectric layer 36. The gate layer 40 is comprised of
metéls (e.g., W, Ti etc) or doped polysilicon.

The gate i; preferably a metal gate comprised of W,
Ti, Ta, Ni or Cr.

As shown in FIG 7, we preferably chemical-
mechanical polishing (CMP) the gate layer 40 to form a gate
over the high k dielectric layer 36 and to remove the gate layer
40 over tﬁe masking layer 24. The gate between has a width 43
over the channel {e.g., over the high k 36, but not over the

spacer 32) between 0.12 and 0.28 um.

13



describe the details of comon techniques used in the fabricatiqgn process
of integrated circuit conponents. Those techniques can be gener§I$ EB 2005
enployed in the fabrication of the structure of the present invention.

Mor eover, the individual steps of such a process can be perforned using
connercially 14 1 6 FEB 2005 available integrated circuit fabrication,

nachlnej x% ecg&ycally necessary to an understandi ng of the present
irnventi dn, e %B technical data are set forth based upon current
technology Fut ure devel opnents in the art may call for appropriate

adj ustments as Whel dniventhivindus dombdmetsikin et the ltdwe-rardpaddy the above
description nunerous specific details are set forth such as flow rates,

pr essdrihsaiidgngs, gat@lﬁkéﬁééﬁﬁlceléyerlB60rQ§é FOGPHPVidguaeor e thorough
under standi ng of the present invention. It wll be obvious, however, to

onej kit gd tMpiberahtet hatatibe EBES%&: kngggeggnov@xlgg RRACY ¢ed wi t hout

these details. In other instances, wn process have not "been

desgridedi bfsdesail in ordey é&a16¥§nﬂJQﬂFC¢§§fgﬂ oq§curqbthe present

invention. Also, the flow rates in the specifica 9'on'tan be scal ed up or

dO“ﬂgff@@iH@ 088 2PE, IRL AL Wbarbe% l9s 10 accommodate different sized.

react or

0 no spacers surrounding the dummy gate

Dronly a S/D implant - no diffused S/D region

U low-K insitu doped spacer intruding into the gate opening
0 LDD formed form the out diffusion form the doped spacers
O a gate dielectric formed form'low K and high K materials

0 tapered gate owing to low-K spacers thus yielding a shorter

channel length.

] Self-aligned LDD to the low k spacer.

It sheouid be recognized that many publications
describe thé details of common techniques used in'the
fabrication process of integrated circuit components. Those
‘techniques can be generally employed in the fabrication of the
structure of the present invention. Moreover, the individual
éteps of such a process can be performed using commercially
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- as is knowmn to those skilled in the art. Although this invention has been
described relative to specific insulating materials, conductffveeFR&t265i al s
and apparatuses for depositing and etching. these materials, it is not
I'imted to the specific materials or apparatuses but only to their
"specific characteristics, such as conformal and 15 18FEB2005 nonconf or mal ,

and,gappbi{ it as. i Ling. and.etchin and gther materials and
ap%%ratus %%niﬁgegﬁﬁgg?tu%ggﬁgg %ébgé??glﬁﬁd%?gﬁ8888by Rose skilled in the
m croelectronjcs_arts afte appreci ating the present invention Unless
exply ¢F §C§¥%¥eﬁeﬁ?ﬁ§?ﬁYst? %gcﬂn ﬁﬁﬁF?gﬁanvaﬁuEhﬁnHr?§ﬁ§§ shoul d be
interpreted as being approximate_as if the word about or approxi mately
préEE%%@t%%%fv%F%@PgﬁthEeraFGéloﬁaFangée Abbufonshnbagedangenpl us or
m nus 10% of the given value or range. Wile the invention has been
parfeEreRak| yechoahodrd Bvtuvrebddveilbhmester énceéhtoatrhempyetannedor
enbodi nents thereof, it wll be understood by those skilled in the art

t hatpvaopoustechdngesmentoam asdidebai bviBysbecmade wikthout departi ng
from the spirit and scope of the invention. It is intended to cover
vartbesanbdi fications and simlar arrangenents and procedures,

In the above description numerous specific details
are set forth such as flow rates, pressure settings,
thicknesses, etc., in order té provide a more thorough
understanding of the present invention. It will be obvious,
however, to one ékilled in the art.that the present invention
may be practiced without these details. In other-instances,
well known process have not been descfibed in detail in order to
not unnecessarily obscure the present invention. Also, the flow
rates in the specification cén be scaled up or down keeping the
saﬁe molar % or ratios to accommodate different sized reactors
as is known to those skilled in the art.

Although this.invention has been described relative
to specific insulating materials, conductive materials and
apparatuses for depositing anq etching.these materials, it is
not limited to the specific materials or apparatuses but only to

their specific characteristics, such as conformal and

15




and the scope of the appended clains therefore should be accorded the
‘broadest interpretation so as to enconpass all such nodificatf&BE&r8S
simlar arrangenents and procedures. 16 1 6 FEB 2005 What is clained is: 1.
A nmethod of fabrication of a transistor using a replacenent gate process
and | ow k doped spacers; conprising the steps of: a) formng a dummy gate

OV&loe-SURSIRAL €5 2 & aﬁf?l@féépgsﬁ8ﬂsagsﬁggo§a£$8gﬁgﬂé g%hﬁégéhgnlayer

i npl ant mask to form source and drai n regions; €
source and drain regions; d) renoving said

on §aid substrate over said ) re
duniy” ga e?§é$a¥%$h?§% %%%e%p@%5%§?§ oAt Re srRaharrEedr 2gaid wadki ng
| ayer; said doped spacers have a dielectric constant of less than 3.0; f)
hedt#RE SEPer dopetilepacekslieddinf e wopanelentoosard asubsafaee to form
lightly doped regions; g) formng a high k dielectric |layer over said
masiPrEcclayerg ablde spidsdopetingpateéos; h) fornming a gate |ayer over said
high K dielectric |layer; and
Unless explicitly stated otherwise, each numerical
value and range should be interpreted as being approximate as if
the word about or approximately preceded the value of the
value or range. About means a range plus or minus 10% of the
given value or range.
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 therefdre should be

accorded the broadest interpretation so as to encompass all such

modifications and similar arrangements and procedufes.
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i) chem cal - nechani cal polishing (CW) said gate layer to forma gate over
said high k dielectric layer and to renove the gate | ayer over the nmasking
layer. 17 1 6 F E B 205 2. The nethod of claim 1 which furtheryigict®a®d
after step (b) but before step (c) : formng silicide regions over said
source and drain regions. 3. The nethod of claim11 wherein said dunmy gate
is formed by: formng a pad dielectric |ayer and an insulating | ayer over
a substrate; patterning said pad dielectric layer and insulating |ayer to
forma dummy gate and to form openi ngs where source and drain regions wll
be fornmed; said pad dielectric layer and insulating |ayer cover a first

region in_said substrate where |lightly doped drain regions and a gate w ||
be formed' "3 1The'#Et%odSof claim 1 wherein said masking |ayer is formned
by depositing a ditiloectri | ayer .over said substrate and said_ insulating

| ayer and cherft S " Helhah?¥H°35dPPshf Ny ST 1PESKi hiind & eePl6Fatdve t he

maski ng | ayer over the sulating | ayer. The nethod of claim21l wherein said
dummy gat® i pfgﬁ%%c?"ﬁ;s?ﬁ& 5 i#&?%@%eﬁi;cﬁom@?l?h%g FEh§EeB? Titai m 1
wher ei n said d{Bped Shacers are for

rming a gummy gg%g over a substrate;

b} ion implanting ions using éaid dummy gate as an
implant mask to form source and drain regions;

c) forming a masking layer on said substrate over said
source and drain regions;

d) removing said dummy gate;

e) forming doped spacers on the sidewalls of said masking
layer; said doped spacers have a dielectric constant
of less than 3.0;

£) heating said doped spacers te diffuse dopant into said
substrate to form lightly doped regions;

q) forming a high k dielectric layer over said masking
layer and said doped spacers:;

h) forming a gate layer over said high K dielectric
layer; and

i) chemical-mechanical polishing (CMP) said gate layer to
form a gate over said high k dielectric layer and to

remcve the gate layer over the masking layer.
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by: 18 ~j 6 FEB 2006 depositing a doped dielectric |ayer over said masking

| ayer and said substrate in said channel region; said doped diehﬁg¢@gqmﬁ
| ayer conprised of a POCL3 doped |ow K silicon oxide-material ahd said
doped dielectric layer has a thickness of between about 3000 and 5000 A
ani sotropically etching said doped dielectric layer to form doped spacers
on the sidewalls of said masking layer. The nethod of claim1l wherein said
lightly doped drain regions are forned by heating the doped spacers to a
tenperat=e in the range of between 800 and 1000 'C for a tine between 5
and 15 mnutes. 8. The nethod of claiml wherein said high k dielectric

| ayer has a thicki-,Les5 of between about 100 and 300 9. The nethod o
claim 1 wher eilResBrENPHE gt IC1GiL8 dctRich | Bréheri sneoiis S&desf StrRNH)ti on
oxi des and has a K greater than 5, 10, The nethod of claim 1l wherein said
gate | ayé’rUti PeLokpr PS8R (6t atrepg o?llalcdﬁlﬁe&eﬁéP%i PYebns21d . sT¥HeFSret hod
of claiml wherein said gate has a width closest to the surface of said
subst r at &°6F dpRtWeETIgRGut 0. 12 and 0, 28

3. The method of claim 1 wherein said dummy gate is formed by:
forming a pad dielectric layer and an insulating layer
over a substrate;
patterning sald pad dielectric layer and insulating
layer to form a dummy gate and to form cpenings where source and
drain regions will be formed; said pad dielectric layer and
insulating layer cover & first region in said substrate where

lightly doped drain regions and a gate will be formed.

4. The method o0f c¢laim 1 wherein said masking layer is formed
by depositing a dielectric layer over said substrate and said
insulating layer and chemical-mechanical polishing said masking

layer to remcve the masking layer over the insulating layer.

5. The method of c¢laim 1 wherein saild dummy gate is removed

using a selective etch.

6. The method of claim 1 wherein said doped spacers are formed

by:
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19 1 6 F E$ 2005 12. A nethod of fabrication of a transistor using a
repl acenent gate process and | ow k doped spacers; conprising the S%ﬁﬁ?zﬁﬁ:
a) formng a pad dielectric layer and an insulating | ayer over a8
substrate; b) patterning said pad dielectric |ayer and insulating |ayer to
forma dummy gate and to form openi ngs where source and drain regions wl|
be formed; said PaECsHFErER riePehybelardrissdpYErngVEay8fidover a first |
region ‘in said substrate where |lightly doped drain regions and a gate wl|
be Maghiad lvdwrdnslcdst iswpsiteaseusnngasdi ehaumey BREOHs @18l ock to form
source and drain regions; d) formng silicide regions over said source and
dr adlgped edi @is; te)c flavamgoaprdskedng £l ayBoCbn dapead]l Subsir astiéiovsr sai d
source and drain regions; (1) said masking |layer is formed by depositing a
di eberds itateyeil aued ssaid kst Kake eandisaldyel nsat at i g dlayers and
chem cal - mechani cal polishing (CMP) said masking |layer to renove the
maskEngetwayen awyetr tihwoo natd @oovg Azayer,
anisotropically_etching said doped dielectric layer
to form doped spacers on the sidewalls of said masking layer.
7. _ The method of c¢laim 1 wherein said lightly doped drain
.. regions are formed by heating the doped spacers to a
temperature in the range of between 800 and 1000 °C for a time
rbetween 5 and 15 minutes.
8. The method of claim 1 wherein said high k dielectric layer
has a thickness of between about 100 and 300 A.
9. The method of claim 1 wherein said high k dielectric layer
is comprised of trﬁnsition oxides and has a K greater than 5.
10. The method of claim 1 wherein said gate layer is comprised
~of a metal or a doped polysilicon.

11. The method of claim 1 wherein said gate has a width closest

to the surface of said'substrate of between about 0.12 and

0.28 um. .
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f) renmoving said dunmy gate; (1) dumry gate is renoved using a selective
etch; 20 1 6 FEB 2005 g) depositing a doped dielectric |ayer over saaléj
maski ng |ayer and said substrate; (1) said doped dielectric 16%&5{520
conprised of a POCL3 doped |ow K silicon oxide material and said doped
dielectric layer has a thickness of between about 3000 and 5000 A; h)

ani sotropically etching said doped dielectric |ayer to form doped spacers
on the sidewalls of said nasking layer; i) heating said doped spacers to
di ffuse dopant into said substrate to formsaid lightly doped drain
regions; j) formng a high k dielectric |ayer over said masking |ayer and
sai d doped spacers; (1) said_hi%h k dielectric |layer has a thickness of
bet ween alfout 216t thAE 3hor b Hirrtdardohi ghriendilerett FHE79 & dierilECeBHpr i sed
~of a transition oxide and has a K greater than 5; k) formng agate | ayer
over Sajcpqﬁegﬁrﬂp%ﬁiﬂaggtgpg k doped Spacers; comprising the steps of:

a) forming a pad dielectric layer and an insulating layer
over a substrate;

b) patterning said pad dielectric layer and insulating
layer to form a dummy gate and to form openings where
source and drain regions will be formed; said pad
dielectric laver and insulating layer cover a first
region in saild substrate where 1lightly doped drain
regions and a gate will be formed:

c) ion implanting ions uéing said dummy gate as a block

to form source and drain regions;

d) forming silicide regions over said source and drain
regions;
e) forming a masking layer on said substrate over said

source and drain regiocns;
{1) said masking layer is formed by depositing a
dielectric layer over said substirate and said
insulating layer and chemical-mechanical pclishing
(CMP) said masking layer to remove the masking layer
over the insulating layer;

f) removiné said dummy gate;

(L dummy gate is removed using a selective etch;
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| ayer; (1) said gate Iayer is conprised of a netal or polysilicon; 21
' - 16 FEB 2005

g) depositing a doped dielectric layer over sald masking

layer and said substrate;
(1) said doped dielectric layer comprised of a POCl:
doped low K silicon oxide material and said doped
dielectric layer has a thickness of between about 3000
and 5000 A;

h) anisotropically etching said doped dielectric layer to
form doped spacers on the sidewalls of said masking
layer:

i) heating said doped spacers to diffuse dopant into said
substrate to form said lightly doped drain regicns;

3 forming a high k dielectric layer over saild masking
layer and szid doped spacers;

(1) said high k dielectric layer has a thickness of
between about 100 and 300 A
{(2) said high k dielectric layer is comprised of a

transition oxide and has a K greater than b5;

k) forming a gate layver over said high K dielectric
layer;
(1) said gate layver is comprised of a metal or
polysilicon;
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