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SOURCE/ DRAI N STRUCT kgrou t on §E¥r Field of the
Invention 6 This inventiggs.el ates general |yl 806 2002seni conduct or devi ces

and nore particularly to field effect 8 transistors (FETs), such as
MOSFETs and the fabrication FETs 9 with gates and source/drain rggions and

nbre PMETHQRIEQR \FARBRICATING A o$MAkhtDBERS IGNALFATE | WERE | BREYATEP and

el evated 11 source/drain structures using self-aligned and pl anari zation

12 processes. 13 14 2) [QUERCHI/DRAINfSTRECTYRBE Art 15 MOS gate technol ogy
defines an MOS transistor 16 location by a field oxide (isolation) opening,
and defines the 17 MOS channel region |ocation by a polysilicon gate

el ectrode 18 overlying this opening. The width of the polysilicon (poly)

19 determ nes the channeIB$gﬂg£guﬁd 8pdrihenwighh of the field
5 1) Field of the Invention
6 This invention relates generally to in
7 semiconductor devices and more particulariy to field effect
8 transistors (FETs), such as MOSFETs and the fabrication FETs
9 with gates and source/drain regions and more particularly to
10 the fabrication of a smallvdiaension gate and elevated
11 source/drain structures using self-aligned and planarization

2

12 processes.

14 2) Description of the Prior Art

15 MOS gate technology defines an MOS transistor

16 location by a field oxide (isolation) opening, and defines the
17 MOS channel region location by a polysilicon gate electrode

18 overlying this opening. The width of the polysilicon (poly)

19 determines the channel length L, and the width of the field

20 oxide (isolation) opening determines the channel width W. The
21 poly is made longer than the channel width to allow for

22 misalignment tolerance. For a very narrow sub micron channel

23 width this tolerance can be almost as large as the width.
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+20 oxide (isolation) opening determnes the channel width W The 21 poly

i s 9made longer than the channel width to allow for 22 m sal i gnnent

tol erance. For a very narrow sub mcron channel 23 width this tolerance
can be al nost as large as the w dth.
rrazazacverrerererrrrererrraaaaarerrrrrt *159159* 1 Furthernore, if a netal
connection is to be nade to --he poly, 2 -~the poly has to extend even

f urt heFUB&y6RECERe diafndlebiildIPnne 46 otake rteorme orade dontdet dwlwe to the
nmetal, severely 4 linmting layout density. 5 A second shortconming with gate
t echnology rarliységs 6of rarherise efvact furathetthdepalrysidhiecamdmaised dor a first
| ayer 7 interconnect as well as defining the MOS gate el ectrodes. This 8
meahs thamapel ysioh cor cannoitaoe patlterired Heo rfgteal,y sy 9 over a

di ffusion without also creating an MOS transistor at 10 the cross over

| ocat i qamiﬂngnqta@@ﬁltp@@wsqmywith g ate technology is that _the 12 c_hannel
length L is' determned by the poly width, which width 13 is determ ned by

thes wi dth of radiatjon. pathenot: phot oresi ot oo 14 Tocproduge gyel Laster
circuits, it is desirable to make L as short “as possSi :
6 from the fact that the polysilicon is used for a first layer
7 interconnect as well as defining the MOS gate electrodes. This
8 means that polysilicon cannot be patterned to freely cross
-9 over a diffusion without also creating an MOS transistor at
}O the crocss over location. a
11 Another problem with gate technology is that the
12 channel length L is determined by the poly width, which width
13 is determined by the width of radiation patterned photoresist.
14 To produce ever faster circuits, it is desirable to make L as
15 shcrt as possible.
16 The importance of overcoming the various
17 deficiencies noted above is evidenced by the extensive
18 technological development directed to the subject, as
19 documented by the relevant patent and technical litera*ure.
20 Relevant technical developments in the patent literature can
21 be gleaned by considering: US 6,271,132 Bl(Xiang et al.) that

22 discloses a self-aligned S/D with damascene gate process. US

23 6,090,691 (Ang et al.) shows a Tx process. US



116 The tnportance of overcom ng the various 17 deficiencies noted above is
evisdenced by the extensive 18 technol ogi cal devel opnent directed to the
subj ect, as 19 docunented by the relevant patent and technical literature.
20 Rel evant technical devel opnents in the patent literature can 21 be

gl eaned by considering: US 6,271,132 Bl (Xiang et al.) that 22 discloses a
sel f-al jgne /D W th danpscene gate process. US .23 6,090,691(Ang et al.)
S omsgabgg’g?gé&égfaEEQZQEO%?Ogog%$§fVEﬁFas§fn§ﬁg&grapagﬁﬁggéne 'gansistor

process. us _2 6,124,177(Lin et al.) reveals an inverse gate process with
air 8 Sphcerd(Lig S??éé;tsé?‘@ﬁlét ag| 1NVEREGRs I Er RASFS érwﬁEBCQ% 4
including a G M step. US 6,159, 782(Xiang et al.) shows another 5 inverse
gat e ppocess: 6 U? PlowBferpotKeBeetuptheér ShApFovelrEANS 1aFETNBEAEESBO 8
produce snaller gates and el evated source/drain structures 9 with nore
manuf actlndbhe prodessesp. U0 8, 253uiférnfiehgt ke BAvénBhoWs another

5 inverse gate process.

6

7 However, these further improvements are needed to
8 produce smaller gates and elevated source/drain structures

9 with more manufacturable processes.

10



3 It isan object of an enbodi nent of the present~~ 4 invention to provide
a method for fabricating a transistor 5 having a small di nension gate and
rai sed source and drains 6 structures. 7 It is an object of an enbodi nent
of the present 8 invention to provide a nethod for fabricating a
transistor 9 having a small dinension silicide gate and rai sed source and

10 drains structures. 11 It is an object of an enbodi nent of the present

12 invention to provide ,a nethod for fabricating a transistor 13 having a

soal | di mension polysiligon/silici ate and .self 14 aligned raised netal
s6urce and drains struct8¥%gyﬁﬁ¥rﬂf¥%§% #ﬁ?ﬁﬁgﬁ%ﬁﬂ zation steps. 16 17 The

present invention provides a nmethod of 18 manufacturing a transistor with a
sél f aligned gate l&ndSsélf OPIEH iYnéd: AMRRHISE oty HTF® T uct ures. A
first insulating 20 layer is formed over a substrate. A first opening is
férmenyent2anthe presidenaurathng fayefabsierpdbse #hersnbsccate. W forma
22 gate dielectric |aver over the substrate in the first opening. 23 Next,
fior sthaspacers small odhmenshotheasedendl ksietdt heutcestnd drains

6 structures.

7 It 1is an'object of an embodiment of the present
8 invention to provide a method for fabricating a transistor

9 having a small dimensicn silicide gate and raised source and
10 drains structures. -

11 It is an objec£ of an embodiment of the present
12 invention to provide-a method for fabricating a transistor
13 having & small dimension polysilicon/silicide gate and self
14 aligned raised metal source and drains structures using two

15 planarization steps.

16

17 The present invention provides a method of

18 manufacturing a transistor with a self aligned gate and self
19 aligned elevated source/drain structures. A first insulating
20 layer is formed over a substrate. A first opening is formed in
21 the first insulating layer to expose the substrate. We form a
22 gate dielectric layer over the substrate in the first opening.

23 Next, first spacers are formed on the sidewalls of the first




4 1'insulating layer. A gate layer is fornmed over at |east the 2 gate
dieglectric layer. W planarize the gate layer to forma 3 gate el ectrode.
The first spacers are renoved to form LDD 4 openings. Next, we formlightly
doped source/drain regions in 5 the substrate in the LDD openi ngs.
Subsequently, second 6 spacers are forned on the sidewalls of the first

| asul aEEN0at nd aygfe ANdn08atBe: g dewakl soohefihgvgat grehggkrodgeto form S/D
8 openings. Sourcel/drain fegions are fornmed in the substrate in 9 the S/D

operl ages Jextccve.LormgroongictieaLaver Quor lbe, d0ssubslcaty gt | o

parti i NQ openi uc € layer i's planarized
tq formelevated sourge/drain, 12 structures. 13 I n_anqther pect of the
| Aven?T o%, SL RS BaCe" 1A78| GAFFBABDFSoEONPFFSEa™BY *of §st PFEORCENd & il ci de
such as 15 tunﬁsten silicide, 16 I n another aspect of the invention, the

elfeva®RAN117S soipte/ dV¥ai ACFBgL6ABTAY eeBRfr FSBACE! dRBEAI FegiERSasda t hree

18 layer Ti/TiNWstructure. 19 20
5 the substrate in the LDD openings. Subsequently, second

6 spacers are formed on the sidewalls of the first insulating

7 layer and on the sidewalls of the gate electrode to form S/D
8 openings. Source/drain regions are formed in the substrate in
9 the S/D openings. Next, we form a condﬁctive layer over the
10 substrate at least partially filling the S/D openings. The
11 conductive layer is planarized to form elevated source/drain
12 structures. a

13 In another aspect of the inventiocn, the gate

14 electrode is comprised of polysilic;n and a silicide such as
15 tungsten silicide.

16 In another aspect of the invention, the elevated
17 source/drain regions are comprised of metal, such as a three
18 layer Ti/TiN/W structure.

19
20
21 The present invention achieves these benefits in
22 the context of known process technology. However, a further

23 understanding of the nature and advantages of the present



21 The present invention achieves these benefits in 22 the context of known
protess technol ogy. However, a further 23 understanding of the nature and
advant ages of the present 5 1 invention nmay be realized by reference to the
| atter portions 2 of the specification and attached drawi ngs. 1 Brief
Description of the Drawings 2 The features and advantages of a

m conduct or 3 devj ce accordln to the present.,inven her

a|?gveﬁEb?n m%Yo%%sE ofl?a%r gaf?nargﬁcﬁ gosghlcgng ?o? ge&?éé inb5h
accordance with the present invention will be nore clearly 6 understood
f@on1@ﬁet?%lFBﬁFhﬁlﬂ%Ec?Pp??%naFER%He?ndEBHﬁﬂﬁét|on 7 with the
acconpanyi ng drawi ngs in which like reference 8 nunerals designate simlar
or corresponding elenments, regions 9 and portions and in which: 10 Figures
1 through '10 are cross sectional views for 11 illustrating an enbodi nment
of the invention for fabricating a 12 transistor with a gate and raised
source and drain structures. 7 2 Detailed Description of the Preferred
Enbodi nents 3




4 The present invention will be described in detail 5 with reference to

t he acconpanyi ng drawi ngs. A preferred 6 enbodi nent of the present
invention provides a nmethod of 7 forming a gate and el evated source/drain
structures. 8 9 Referring to FIG 1, a first insulating layer 20 10 is
formed over a substrate 10.' The substrate can be any 11 suitable
styucture. The substpatgeCcanshe;Be3bRIbe EhYSHALyiagsi |icon having a <105>
crystal | ographic orientation ané can be. 13 dopeg wth a P type dopant such
as, boron. The enbqdinment s 14 not limted to any type substrate, and can
b§ ot her substrates'© 1’265'51_[1% > as” a A9 T%aé; éfi%/és) l?on%% %Eal?lg | ayer 20
is preferably 17 conprised of a dielectric and nost preferably . conprised
of3 18981EFEoACERFHENITRE FrPsPIPRENIat PG 4 8r 206 6PéF€F§bg$tﬁéisa 19

t hi ckness between 1500 and 2500 A. 20 Referring to FIG 2, we forma first
openi A§ 24picace2s Phefppricaitasgl guichgal apad crgdegsose deNéCsuBStrate. The
first 22 opening is defined by sidewalls of the first insulating |ayer 8
1 20 encbhdahkcestwiopethrgprelenti ratveopennngipleber ablry kdsagly

6 understood from the following description taken in conjunction
7 with the accompanying drawings in which like reference

8 numerals designate similar or corresponding elements, regions
9 and portions and in which:

10 Figures 1 through' 10 are cross sectional views for
11 illustrating an embodiment.of the invention for fabricating a

12 transistor with a gate and raised source and drain structures.



+2 di'mension between 1 and 2 gm 3 As shown in FIG 3, we forma gate
di etectric 4 | ayer 26 over the substrate 10 in the first opening 24. The 5
gate dielectric |ayer can be deposited or grown using a 6 thernal
oxi dation. The gate dielectric |layer 26 preferably 7 has a thickness
between 10 and 50 A. The gate dielectric layer 8 can be conprised of
sylicon oxide, high k materials, nitrided 9 oxide, HO02, Zr02 and A1203
and nost preferably conprised of 10 silicon oxide. 11 As shown in FIL.G 3,
forma first djelectric. 12 layer 30 gver the sybstrate and in the first
ofening 24 DakadlgaPesctiptian oF cthr SEPEeknedcEnBRtRERtsy 1y
material with that can be etched selectively to the first 15 insulating
| &yer 20 and the subsequently forned gate el ectrode 16 40A. The first
dielectric layer can be conprised of silicon 17 nitride, or Silicon
oXynitride (Si ON) Taued pirs sgmef dmalsint 18 conpr isedlasfcitddom matdide. The
first dielectric layer 30 19 preferably has a thickness between 3000 and
5600 WA tR0rfseshomen to Fh& adcompzanisgt dopiwtabky eRchrelierr2d first
dielectric layer 30 to formfirst spacers 32 on the 22 sidewalls of the
figr StehipsalméhNOot ayeE BPesdAti AOELBNbN provides a method of

7 forming a gate and elevated source/drain structures.

8
9 Referring to FIG. 1, a first insulating layer 20
10 is formed over a substrate 10. The substrate can be any

11 suitable structure. The substrate can be a single crystal

12 silicon having a <100> crystallographic orientation and can Qe
13 doped with a P type dopant such as boron. The embodiment 1is

14 not limited to any type substrate, énd can be other substrates
15 such as S0I, etc.

16 The first insulating layer 20 is preferably

17 comprised of a dielectric and most preferably comprised éf

18 silicon oxide. The first insulating layer 20 preferably has a
19 thickness between 1500 and 2500 A.

20 Referring to FIG. 2, we form a first opening 24 in
21 the first insulating layer to expose the substrate. The first

22 opening is defined by sidewalls of the first insulating layer



+23 f'eature of the invention is that the wwdth of the first 9 1 spacers can

be controlled by the dep and etch processes to 2 control

the gate el ectrode and subsequently 3 fornmed LDD and S/ D regions. 4
ring to FIG 5, we forma gate |ayer 40 over 5 the first insulating

Ref er
| ayer
g%te
| ayer
nor e

t he di nensi ons of

20, the first spacers 32 and the 6 gate dielectric layer 26. The

ye Lysi i o] or atwo
e T R R S W
that one 9 layer. ''s preferably conprlsed of a 10 The gate |l ayer 40

1% f|¢é@e%6¥9§|P?E%ﬁema§e@n@62ah@ a first silicide layer 38. 12 The first
polysilicon |ayer 36 conprised of doped polysilicon 13 preferably a
t 3 ckness~ bet weeRslG®wNd nl50E A3, The doped dldgia yEidlicaonrilayer

preferably has a doping concentration

1G Thea{érstesblbei teel ayBE-88tes1prehetnbl ¥Yitétcopphiagd2al tungsten
silicide and preferably has a thickness

figr st

6

7

10
11
12
13
14
15
16
17
18
19
20
21
22

23

g8tligideckayer (8y8r, c¥®i bd deposited or grown using a
thermal oxidation. The gate dielectric layer 26 preferably

has a thickness between 10 and 50 A. The gate dielectric layer
can be comprised of silicon oxide, high k materials, nitrided
oxide, HfO,, Zro, and Al;0; and most preferably comprised of
silicon oxide.

As shown in FIG. 3, we form a first dielectric
layer 30 over the substrate and in the first opening 24.

The first dielectric <dayer can be comprised of
material with that can be etched selectively to the first
insulating layer 20 and the subsequently formed gate electrode
40A. The first dielectric layer can be comprised of silicon
nitride, or Silicon oxynitride (SiON) and is preferably
comprised of silicon nitride. The first dielectric layer 30
preferably has a thickness between 3000 and 5000 A.

As shown in FIG. 4, we anisotropically etch the
first dielectric layer 30 to form first spacers 32 on the

sidewalls of the first insulating layer 20. An important

feature of the invention is that the width of the first

15 between 1E20 and 1E21 atons / CMB.

18 bet ween 2000 and 5000 A. The



+19 38 reduces the contact resistance and | ocal interconnect 20 resistance.
Thetshape of the silicide gate is an advantage. 21 As shown in FIG 6, we
pl anarize the first 22 insulating layer 20, first spacers 32 and gate |ayer
40 to 23 forma gate el ectrode 40A. The planarizing of the gate |layer 10
1 40 preferably conprises a chem cal -nmechanical polish (CW) 2 step. 3
Referring to FIG e re he fir L spacer he underlying

gte %?%?%E§r?%n %e CFbF R ﬁ% % e%%ngé : § %ﬁe Pg%ﬁ%ggeéf%Phe first

pacers is preferabl erfo d .6 using ctive to t
sﬁace?%n%ﬁﬂftFﬁegﬁt%gﬁge?ﬁétP dEhﬁoﬂFFﬁsﬁﬁﬁrl a?@g §8b3?ﬁBeEF§H
preferably 8 hot phosphoric acid etch. A buffered HF etch can be used to
93ren5Qém@ﬁeL@Bten@|%chfﬁgéoééﬂprised of oxide. 10 As shown in FIG -7,
lightly doped source/drain 11 regions 48 are fornmed in the substrate 10 in
t He LDD openi ngs ReXetkiad) doerilG.o I hevgaiereledgatodela@e 40 gitey doped
source 13 /drain‘'regions 48 are preferably forned using an ion inplant 14
prsocesseWheretri 0Asudbtang iLApkanted theodghsthepaperisngs,44nd itheAs shown
in FIG 8, second spacers 52 are forned

6 gate dielectric layer 26. The gate layer can be comprised of:

first

7 polysilicon, doped polysilicon, or a two layer Poly/silicide.
8 The gate layer can be comprised of one layer or more that one
9 layer.
10 The gate layer 40 is preferably comprised of a
11 first polysilicon layer 36 and a first silicide layer 38.
12 The first polysilicon layer 36 comprised of doped polysilicon
13 preferably a thickness between 1000 and 1500 A. The doped
14 polysiliconkgayer preferably has a aoping concentration
15 between 1E20 and 1E21 atoms/cm’.
16 The first silicide layer 38 is preferably
17 comprised of tungsten silicide and preferably has & thickness
18 between 2000 and 5000 A. The first silicide layer (e.g., WSiy)
19 38 reduces the contact resistance and local interconnect
20 resistance. The shape of the silicide gate is an advantage.
21 As shown in FIG. 6, we planarize the first
22 insulating layer 20, first spacers 32 and gate layer 40 to

23 form a gate electrode 40A. The planarizing of the gate layer

10



16 on the sidewalls of the first insulating |ayer 20 and on the
sidewal I s of the gate el ectrode 40A to forma S/ D openings 54.

17
18 The

second spacers can be forned depositing a bl anket |ayer 19 over the
substrate and anisotropically etching the layer. The 20 second spacers can

be forned of a dielectric material such as, 21 silicon oxide,

silicon

nijtrige B£e§ékhﬁ9p eX¥BrisLdey ggeﬁ§c§mQM@chQnEE§ﬂ 8o1Wenf geppsour ce/ drain
regi ons in"the substrate in the S/'D openings 54. The source and 11

1 dra R %eglons are preferably fornmed by an ion inplant process

|nplanf|

2 by

elevated S/D structures. 6 (See FIG 10, 60A). This is beneflt of the
i fvens?oAnd7tAe SRERALYANEI B2LS, dhBLEEEMS 85nBGCPPW@ PQPePPGGlFSSover t he

substrate at least filling the S/D openings 54. The 9 conductive |ayer

can bé4conPhesedmofrad aét hel yept ApRgkrsl1ds| ayefsrebly vrkrdéerhager
structure of Ti/TINW Mre 11 preferably the conductive |layer is conprised
ofé t hueénbayer et&R stiactive ob TheTiENLWE Fheckhseandayke gttrect ure of

Ti/TiNW

7 electrode 40A/insulating layer 20. The etch is preferably

8 hot phosphoric acid etch. A buffered HF etch can be used to

9 remove the gate dielectric comprised of oxide.

10 As shown in FIG. 7, lightly doped source/drain

11 regions 48 are formed in the substrate 10 in the LDD openings

12 44 a2djacent to the gate electrode. The lightly doped source

13 /drain regions 48 are preferably formed using an ion implant

14 process where ions 46 are implanted through the openings 44.

15 As shown in FIG. 8, second spacers 52 are formed

16 on the sidewalls of the first insulating layer 20 and on the

17 sidewalls of the gate electrode 40A to form a S/D openings 54.

18 The second spacers can be formed depositing a blanket layer

19 over the substrate and anisotropically etching the layer.

The

20 second spacers can be formed of a dielectric material such as,

21 silicon oxide, silicon nitride or Silicon oxynitride.

22 As shown in FIG. 8, we form source/drain regions

23 58 in the substrate in the S/D openings 54. The source and

11

g ion through the S/ D openings 54. An inportant 3 feature is that
t e spacers width ¢ be contr d,_ by the 4 dep on and etch steps,
trol the 5 s O THEIGD 5 i onls S ARG Ho Sibskaint 15745 frod

to

60



+13 preferably has a top Wlayer, a mddle TiN layer and a bottom 14 Ti

| ayer. 15 16 The conductive layer is preferably a netal, such 17 as a
three | ayer structure of Ti/TiNWand preferably has a 18 overal

t hi ckness between 2000 and 4000 A. The triple layer 19 structure is
deposited consisting of a first thin layer of 20 titanium (Ti) about 100 A

t Qi ck ol | Lp.kay f i N,abgu 0 LC Lhikshed with
aqlaj%$£%¢ f%ﬁg%?%ngf%§b9323f§§% efogﬁgg ?%egge%?ﬁ g?é%ﬁgkogéﬁ?ESE 54. The
Ti, assures an 12 1 ohmgc, contact, to.the S/ID.regigns 53. The TiN acts as a
barr1GY T30 f Byt BefuBen ERachy b ShE Te5PEY AT er Erng 8T ERES 10, "the
conductive layer 60 is 5 planarized to form el evated_saqurce/drain
sBrucfer®sreons (BRgt, the EBﬁF%EFswb?tPeFﬁPnQst?“PF@FéngI Yt h8€conduct i ve
| ayer is 7 planarized using a chem cal - mechani cal polish (CW) process. 8
Pref edeapbyithenconduetiestaper e pbahapilzebet 61| efekhgb8dP 9 even with

the top surface of the first insulating |ayer 20. 10 Conventi onal
prsocessd higns o5 beansedhéosubapheestiheformed elevated S/D structures

o (See FIG 10, 60A). This is a benefit of the invention.

7 As shown in FIG. 9, we form a conductive layer 60
8 over the substrate at least filling the S/D openings 54. The
9 conductive layer 60 can be comprised of a metal layer, metal
10 layers or a three layer structure of Ti/TiN/W. More

11 preferably the conductive iayer is comprised of three layer
12 structure of Ti/TiN/W. The three layer structure of Ti/TiN/W
13 preferably has a top W layer, a middle TiN layer and a bottom
14 Ti layer.

15

16 The conductive layer is preferably a metal, such
17 as a three layer structure of Ti/TiN/W and preferably has a
18 overall thickness between 2000 and 4000 A. The triple layer
19 structure is deposited consisting of a first thin layer of

20 titanium (Ti) about 100 A thick, followed by a thin layer of
21 TiN about 100 A thick, finished with a layer of tungsten (W)

22 thicker than the depth of the openings 54. The Ti assures an

12



*11 sem conduct or device. For exanple, an interlevel dielectric 12 (ILD)

| ayer can be fornmed followed by contact definition. 13 Benefits O The

I nvention 14 The enbodi ments of the invention provide many 15 advantages
over the prior art. The invention provides a 16 manufacturable process to
formsmall dinmension gates without 17 using |ithography and el evated

squrc - Al ture 1 h - i gent f +t ke i.nyenti gn}.s. tirst and 19
sgbonﬁhgégcg?gEéFFogﬁtEged§é§ng?§ggggfg?he§8§tg?RLBE?¥S%% gnggrféézlevated
S/.D s;ructu%e% to bﬁ cowtrgllgg. %1 Enbodi ments of the invention provide
f& thaYght BSTYS Pehftn"t 8"BeH&f fhed by film thickness (e.g., film 30)
rather 23 than by |ithography. 13 1 The enbodi nents of the invention's

sel f aligned 2 the gate, LDD, S/D and elevated S/D to reduce alignnent
error 3 and provide a nore manufacturabl e process. 4 Yet another advantage
i & that the el evatRafess/Brgy siq Uckt@r ) camdec i ser) bivert@l stand can be
realized with 6 conventional PVD (e.g., for Ti/TiN dep) and CVWD (e.g., for
W5 7 deépositized) tpr 6oessedevated source/drain structures 60A (e.g.,

6 contacts or terminals). Preferably the conductive layer is
7 planarized using a chemical-mechanical polish (CMP) process.
8 Preferably the conductive layer 1is planarized to a level about

9 even with the top surface of the first insulating layer 20.

10 Conventional proceéessing to be used to complete the
11 semiconductor device. For example, an interlevel dielectric
12 (ILD) layer can be formed followed by contact definition.

13 Benefits Of The Invention

14 The embodiments of the‘invention provide many

15 advantages over the prior art. The invention provides a

16 manufacturable process to form small dimension gates without
17 using lithography and elevated source drain structures.

18 The embodiments of the invention's first and

19 second spacers allow the dimensions of the gate, LDD, S/D and
20 elevated 3/D structures to be controlled.

21 Embodiments of the invention provide for the gate
22 length to be defined by film thickness (e.g., film 30) rather

23 than by lithography.

13




«8 9 It should be recognized that many publications 10 describe the
details of common~ techniques used in the 11 fabrication process of
integrated circuit conponents. Those 12 techniques can be generally
enployed in the fabrication of the 13 structure of the present invention.
Moreover, the individual 14 steps of such a process can be performed using

commercially 15 avail abl e i.nt eqgrat ircuit fabricaty hj . As 16
sgeci fically nece\slrzlaGr fm{bgdalﬁle&%&rogf?g%}ﬁ nlglvoefntt e pSr egsee% rg%%qr{r;é\?cgnti on,
exenpl ary technjcal data are set forth based upon 1S,current t echnol ogy.
Fét ure'gedi pnehts AP tdedafteraledabrD &9 FSBUSﬁp? pPIAPRTal8f b8fnent s as
woul d be obvious to one skilled 20 in the art. 21 The invention can be
uSed 2@A f BF AY bdE ha NS MIDUERAFBFaPLRIOBr8EFFEes. 23 14 1 In the above
description nunerous specific details 2 are set --Forth such as sizes,
t Bi cknesses, and desesncgther, advargageddrs tth gt dviade ke vasras thd?t ough
under standi ng of the present t 4

5 structures can be comprised of metals and can be realized with

6 conventional PVD (e.g., for Ti/TiN dep) and CVD (e.g., for W

7 deposition) processes.

9 It should be recognized that many publications

10 describe the details of common techniques used in the
11 fabrication process of intégrated circuit components. Those
12 techniques can be generally employed in the fabrication of the
13 structure of the present invention. Moreover, the individual
14 steps of such a process can be perf;rmed using commercially
15 available integrated circuit fabricatién machines. As

16 specifically necessary to an understanding of the present

17 invention, exemplary technical data are set forth based upon
18 current technology. Future developments in the art may call
19 for appropriate adjustments as would be obvious to one skilled
20 in the art.
21 The invention can be used to form both N-MOS
22 and/or P-MOS devices.

23
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'4 invention. It wll be obvious, however, to one skilled in the 5 art that
t he: present invention may be practiced without these 6 details. In other

i nstances, well known process have not been 7 described in detail in order
to not unnecessarily obscure the 8 present invention. 9 Unless explicitly
stated otherwi se, each nunerical 10 value and range should be interpreted

ag being approxi mate tae abbid ddwe Md craloiterAfs " oxi dreded 341 Pr eceded
the value or 12 the range. 13 14 ile the invention has been

parti a s a i bed;w er e he ef erred
e%%od%%%n%%y 1%9?ﬁe?e§?,ggtggfg%'bggﬂﬁﬁégg%ggﬁ §8tﬁ%§ggékﬁpﬁé6 ?% the art

17 t hat vgr%gus chag es in fognland getails ggxdbe nagegggthout 18

d par?F%% fron?f%%lspi?i “and E%gﬁggofuPﬁngnven P8n> Tt sPT I8 it ended to

cover ,various nodifications and, simlar 20 arrangenents,K and procedures, and
t He stBPEbtOthe ébp%hé%dbezﬁbEFSPﬁs Pﬁ@?@?éret§h8ﬁﬁdsgéﬁéééoﬁﬁeag?he

broadest 22 interpretation so as to enconpass all such nodifications and
23 siartakhakr BhgepeatSnandnpeotednr 88y 8§ practiced without these

6 details. In other instances, well known process have not been
7 described in detail in order to not unnecessarily obscure the
8 present invention.

9 Unless explicitly stated otherwise, each numerical
10 value and range should be interpreted as being approximate as

11 if the word "abcut" or '"approximately" preceded the value or

12 the range. -
13
14 While the invention has been particularly shown

15 and described with reference to the preferred embodiments

16 thereof, it will be understood by those skilled in the art
17 that various changes in form and details may be made without
18 departing from the spirit and scope of the invention. It is
19 intended to cover various modifications and similar

20 arrangements and procedures, and the scope of the appended
21 claims therefore should be accorded the broadest

22 interpretation so as to encompass all sucn modifications and

23 similar arrangements and procedures.
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What' is'clained is: 1. A nethod of fabrication of a gate and el evated
soutce/drain structures conprising: a) formng a first "insulating | ayer
over a substrate; b) forming a first opening in said first insulating

| ayer to expose said substrate; said first opening defined by sidewalls of
said first insulating layer; c) formng a gate dielectric |layer over said
s%bst&gég ig §f£gm£'r?£,opening; d) formng first spacers on said sidewalls
of sald fifst insulatthg layer; e) formng a gate |ayer over said first
igsulating | ayer, said first spacers, and said gate dielectric |ayer; f)
planarizing said gate |layer to forma gate electrode; said gate el ectrode
has sildefal'fsRog) Ot ehdT hg254PT Pfr%tggbﬁcéPg FE)WBF%?LBB%E%?PH@%P h)
formng lightly doped source/drain regions in said substrate in said LDD
openi nggtrygtures comprising:

a) forming a first insulating layer over a substrate;

b) forming a first opening in said first insulating
layer to expose said substrate; said first
opening defined by sidewalls of said first
insulating layer;

c) forming a gate dielectric layer over said
substrate in said first opening;

d) forming first spacers on said sidewalls of said
first i;sulating layer;

e) forming a gate layer over said first insulating
layer, said Zfirst spacers, and said gate
dielectric layer;

f) planarizing said gate layer to form a gate
electrode; said gate electrode has sidewalls;

g) removing said first spacers to form LDD openings;

h) forming lightly doped source/drain regions in said

substrate in said LDD openings;

16



i) form\ng second spacers on said sidewalls of said first insulating |ayer
and.on the sidewalls of said gate electrode to forma S/ D openings; j)
form ng source/drain regions in said substrate in said S/ D openings; k)
form ng a conductive |ayer over said substrate at |east partially filling
said S/ D openings; and 1) planarizing said conductive layer to form

elevated  soureel drai) of MG LS 2 NG RN Dl gl aiyn L herei n sai d

first insulating layer is conpri of silicon oxi e method of
claim1l1 wherein sa%d f%rst iTsFlatigg | ayer . has a thigkne?i between 1500
and 2500 A. 4. The'hEPhotBFIaralth 15wRer 8P S5i B GaP b ararést Prc | ayer has
a thickness between 10 and So_A and said gate dielectric, K |ayer is
conprised of a mat&Rial 93kPeeleat P tRelgFBup SEBNSPERLRESHF silicon

oxide, nitrided oxide H gh-k dielectrics, H 02, Zr02 and A1202. 5. The
met hod of claiim 1 ieamding sl dq/rtaidi elestitanic Imyaaid o st tHickidess
bet ween 3000 and 5000 A. 6. The nethod of claim 1l wherein said first
dielectric layer isaid S/D openings;
k) forming a conductive layer over said substrate at
least partially filling said S/D openings; and

1) planarizing said conductive layer to form elevated

source/drailn structures.

2. The method of claim 1 wherein said first insulating layer is
comprised of silicon oxide.

3. The method of claim 1 wherein said first insulating layer
has a thickness between 1500 and éSOO A.

4. The method of claim 1 wherein said gate dielectric layer has
a thickness between 10 and 50 A and said gate dielectric
layer is comprised of a material selected from the group
consisting of silicon oxide, nitrided oxide High-k
dielectrics, Hf02, Zr0O, and Al,0;.

5. The method of claim 1 wherein said first dielectric layer
has a thickness between 3000 and 5000 A.

6. The method of claim 1 wherein said first dielectric layer is

comprised of silicon nitride or silicon oxynitride.
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~conprised of silicon nitride or silicon oxynitride. 17 7. The nethod of
claim1 wherein the step of formng said first spacers conprises: formng
a first dielectric layer over said substrate and in said first opening;
said first dielectric l|ayer having a different etch selectivity than said
first insulating |layer; anisotropically etching said first dielectric

| ayer to formfirst spacers on the sidewalls of said first insulating

| ayer. 8. The nmethod of claim 1l wherein said gate layer is conprised of a

first pobysiLi.candl %e 131 %’Uheik i3 ldn@l de 'a%%rfqrmf%g g Jreiihad of
ay

claim1 wherein sal ate I'S conprise of a fiTst po yS|I|con | ayer
and a first silicide.layer; sald first polysilicon layer is conprised of
doped 58F§§|Fl€8ﬁp§ﬁ&eﬁa5 a thi ckness between about 1000 and 1500 A; said
first silicide layer is conprised of tungsten silicide; and has a

t hi ckness bet ween =PBUtN2000" ARET 56001 2CT1Er TH¥SFePRBA SF 1€l aim 1 wherein

the planarizing of said gate
substrate and in said first opening; said first dielectric

layer having a different etch selectivity than said first
insulating layer:
anisotropically etching said first dielectric
layer to form first spacers on the sidewalls of said first

insulating layer.

8. The method of claim 1 wherein said gate layer 1is comprised

of a first polysilicon layer and a first silicide layer.

9. The method of claim 1 wherein said gate layer is comprised
of a first polysilicon layer and a first silicide layer;
sald first polysilicon layer is comprised of doped
polysilicon and has a thickness between about 1000 and 1500
A; said first silicide layer is comprised of tungsten
silicide; and has a thickness between about 2000 and 5000 A.

10. The method of claim 1 wherein the planarizing of said gate

layer comprised a chemical-mechanical polish process.

18



'l ayér conprised a chem cal -nmechani cal polish process. 18 11. The net hod of
clarm |1l wherein the renoval of said first spacers is perfornmed using an
etch selective to said -first spacers. 12. The nethod of claim 1l wherein
the renoval of said first spacers is per-fornmed using a phosphoric acid
etch. 13. The nmethod of claim 1l wherein said lightly doped source/drain

reg|oq§_ ﬁefqggﬁgdU§fng LU anrgPLQHtthBr98ﬁ8§a14B%15$ g Fhg pethod of

claim erein sald con uctlve ayer S conprlsed of “a three l"ayer
s' tructurg of [T [TINW and uas a t g gesslbe 2000 .and 40 0 A 15. A
met hod 8F ?SBFICStP%H ot "a“gate dnd eF t 8 SSU%X@/EPalﬁ réél

conpr|S| g a) formng a first insulating layer over a substrate b)
form ng°BFFFSt opening in said first insulating |ayer to expose said

substrate; said first opening defined by sidewalls of said first
|nsuldﬁin§hPaW@FﬂOd of claim 1 wherein the removal of said firsc

spacers is performed using a phosphoric acid etch.

13. The method of claim 1 wherein said lightly doped
source/drain regions are formed using an ion implant
process.

14. The method of claim 1 wherein said conductive layer is
comprised of a three layer structure of Ti/TiN/W, and has a

thickness between 2000 and 4000 A.

15. A method of fabrication of a gate and elevated source/drain
regions comprising:

a) forming a first insulating layer over & substrate;

b) forming a first opening in said first insulating
layer to expose said substrate; said first
opening defined by sidewalls of said first
insulating layer;

c) forming a gate dielectric layer cver said
substrate in said first opening;

d) forming a first dielectric layer over said

substrate and in said first opening; said first
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'c) forming a gate dielectric |layer over said substrate in said first
opening; d) formng a first dielectric |layer over said substrate and in
said first opening; said first 19 dielectric layer having a different etch
L selectivity than said first insulating layer; e) anisotropically etching
said first dielectric layer to formfirst spacers on the sidewalls of

said first insulatiyngibayeric hk/bor Mg g QAR drayehtovglysai d first
insulating layer, said first spacers, and said gate dielectric layer; (1)

said gate layer is %‘ig@%iﬁ%‘é. oL 13 fi 51 Ryshlieqn liayen and .a first
silicide |ayer; gf P anarlzyng §di § gat € Tayer using ¢ emical™~ mechani cal
polishing to forma, gate el ectrode; Said gatﬁ glectrgde has_sidewal | s; h)
renoving sai d il r AEEHACEIR T 1 Or 7 EHB P peht hgstrst dielectric

layer to form first spacers on the sidewalls of
sald first insulating layer;

f) forming a gate layer over said first insulating
layer, said first spacers, and said gate

dielectric lavyer;

(1) said gate layer is comprised of a first
polysilicon layer and a first silicide

layer;

1

g) planariiing said gate layer using chemical-
mechanical polishing to form a gate electrode;
said gate electrode has sidewalls;

h) removing said first spacers to form LDD openings;
the removal of said first spacers is performed
using an etch;

i) forming lightly doped source/drain regions in said
substrate in said LDD openings; said lightly
doped source/drain regions are formed using an

ion implant process;

20



'the renoyal of said first spacers is perforned wusing an etch; i) formng

| ightly doped source/drain regions in said substrate in said LDD openings;
said lightly doped source/drain regions are formed using an ion inplant
process; 20 j) form ng second spacers on said sidewalls of Sala first

insul ating |layer and on the sidewalls of said gate electrode to forma S/D

openi ngs; k) f b C ons_in d n id S/D
openi ngs; 1) fgrm%gr@%% %%%I Ve %%éeryo%llérség#dsjzﬁg%if%eogtsafgast
filling said S/Do ngs conductive layer . is corrprl ed of a three
layer structure of ‘Flslt K‘VS\L/\? gﬁ&g 2¥CEn A2 0 ﬁ L \?éflayer
using chem cal - nechani cal polishing to form el evat ed source/ drain

regi ons. 16. The nEfREdIGFScrRarMtESAewier &CAMsdi ¢/D rPenimsifi‘ati ng | ayer

is conprised of silicon oxide; said first insulating |ayer
k) forming source/drain regions in said substrate in

said S/D openings;

1) forming a conductive layer over said substrate at
least filling said S/D openings; said conductive
layer is comprised of a three layer structure of
Ti/TiN/W; and

m) planarizing said conductive layer using chemical-
mechanical poiishing to form elevated

source/drain regions.

16. The method of ciaim 15 wherein said first insulating layer
is comprised of silicon oxide; said first insulating layer
has a thickness ketween 1500 and 2500 A.

17. The method of claim 15 wherein said gate dielectric layer
has a thickness between 10 and 50 A and said gate dielectric
layer is comprised of silicon oxide, nitrided oxide, high k
dielectrics, Hf0;, ZrO, and AlOs;.

18. The method of ciaim 15 wherein said first dielectric layer

has a thickness ketween 3000 and 5000 A.

21



“has 'a t hickness between 1500 and 2500 A. 17. The nethod of claim 15 wherein
said gate dielectric layer has a thickness between 1-0 and So A and said
gate dielectric layer is conprised of silicon oxide, nitrided oxide, high
k dielectrics, H 02, Zr02 and A103 4 18. The nethod of claim 15 wherein
said first dielectric layer has a thickness between 3000 and 5000 A 21

19. They metBodeehoal Aifmclas mher einR reaid JfHifsts idiel eatdniL . avern 5 Jes
conprised of silicon nitride. 20.The nethod of claim 15 wherein said first

pol ysi | i;gon Layer d3@fcgqgr| ed polysilicon and has a thickness
betmeen11008 g 3 1500 A saf§>f|rst gﬁﬁlcide | ayer is conprised of

t ungst siLici and h i ckness between 2000 and 5000 A. 21. The
met ho éalmr%%%gd éré:ﬁalénal SOREGEE vE Id & Hra®od ¥ FHi 1S e S Y5t ween

2000 ang 4000 A, 22
6 comprised of doped polysilicon and has a thickness

between 1000 and 1500 A; said first silicide layer is
comprised of tungsten silicide; and had a thickness between

2000 and 5000 A.

21. The method of claim 15 wherein said conductive layer has a

thickness between 2000 and 4000 A.
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