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Drain CMOS Device On Insulated Staircase Oxide.... 2 3 Background of
. I nverldS06:0924:1)! Fiel d of the Invention 5 This invention relates generally
.to fabrication of sem conductor devices and 6 nore particularly to the
_fabrication elevated source / drain regions on a staircase shaped 7

I nsulating layer. 8 2) Description of the Prior Art 9 10 Field effect
transistors (FETs) are conprised of a pair of diffusion regions,- 11
r gf er VRdhé® T FoRnSOU{-AdigAedl SuEtediDraib CMOS Difvivel Onliidulited SstintcoOhide i ve
substrate. Such include 12 a gate provided adjacent the separation region
and between the diffusion regions for inparting an |3 electric field to
edabl e current to flow between the diffusion regions. The substrate area
adj acent 14 the gate and between the diffusion regions is referred to as

t he channel . The sem conducti .typically conprises a bulk
mi’nocryst alline silicon subst%ﬁgkéﬁ%u}\%ﬁghg&ﬁ% t conductivity .16 dopant

i mpurity concentration. Alternately, the substrate can be provided in the
f ar m Df Féeld bf thellavengger of [ightly doped sem conductive material over .an
underlying insulating layer. Such are 18 conmmonly referred to as
sem conduct or-on-insul ator (SQA) constlructt Lons, 1% ) )

5 This invention relatés generally to fabrication of semiconductor devices and

6  more particularly to the fabrication elevated source / drain regions on a staircase shaped

7  insulating layer.

8  2) Description of the Prior Art

. 10 Field effect transistors (FETs) are comprised of a pair of diffusion regions,

11 referred to as a source and a drain, spaced apart within a semiconductive substrate. Such include
2 agate provided adjacent the separation region and between the diffusion re_gions for imparting an
13 electric field to enable current to flow between the diffusion regions. The substrate area adjacent
14 the gate and between the diffusion regions is referred to as the channel. The semiconductive
15  substrate typically comprises a bulk monocrystalline silicon substrate having a light conductivity
16  dopant impurity concentration. Alternately, the substrate can be provided in the form of a thin
17  layer of lightly doped semiconductive material over an underlying insulating layer. Such are

18  commonly referred to as semiconductor-on-insulator (SOI) constructions.

19
20 Integrated circuitry fabrication technology continues to strive to increase

2 circuit density, and thereby minimize the size and channel lengths of field effect transistors.



{20 Iintegrated circuitry fabrication technol ogy continues to strive to
« increase 21 circuit density, and thereby mnim ze the size and channel

| engt@S00s§92Af&dlitl ef fect transistors. CSOO- 092 & 111 | Inprovenents in
technol ogy have resulted in reduction of field effect transistor size from
“long- 2 channel devices (i.e., channel lengths greater than 2 mcrons) to
= short-channel devices (i.e., 3 channel lengths |less than 0.5 mcrons). 4 As
field effect transistor channel lengths (i.e., gate wi dths) became smaller, .

51s O-Wrbeéin&h@rn_tteah@rb}%aeé teaelked lnes@mtiba oPH61dIBEfetieArBREIr 3t romh Wief | cant .
As a result, device 6 design and consequently process technol ogy had to be

o f&ﬁqnémewcﬁfg.ten%ﬁsn&i reﬂg%@ ggéah@ttgﬁze)@;&%s; t&glotrtt'?‘fea,n Atde 3B ggv,gce

per f o mance coul d Cont'| nue 0 exanp as devi

dijrensi ons ,are, reduced. and. t he, supply voltage renmains constant, the |ateral
el%ectf a(?n%lilg‘i‘%hbﬁa%ﬁ@ ggéﬁ’%ﬁ"ls%i n the substrate increases. If the field

becones strong enough, it _can give rise, to 10 so-cal]ed hot-carrier
effects. This becd?ﬁagelﬁ effeghiransision channshieaghsfich Lkamidins) bessgrersmallenl 1 er 1
1 than 0.5 mcrons. Hot-carrier effects cause unacceptabl e perfornmance

deyr askacilted shartghannskeffaces bagan $¢ becomedaueastngly sighificant Asaoesudintdedemal drain
structures if their channel lengths are less than 13 0.5 mcrons. 14 15 A
pref edesigh awl doddequientdy processitehnbloigs hpd ebbeodifict ¢o ko iedeeffe@hinty achopsd 16
drain (LDD) regions within the substrate relative to the channel region in

adyangs it optiRumUVRR perfdrmife d6@l Rohtified8 Be obfifhel DRI RIMPRS 298 &igy OVi ded
to be'lighter conductively doped (i.e., less 18 concentration) than

t hg- > Q&R 00 Rl 8 %@@alﬁgm&mg@pé&ha SStafll e 1;5%?3&@ . 4;@ &9k tage drop

I
by rain tn the chan as~opposed to the s VO

age drop at
t h& C%%Qer%gtled% it T Sebdtihte Acreases. If the field becomes strong enough, it can give rise to

10 so-called hot-carrier effects. This becomes a significant problem with channel lengths smaller
11 than 0.5 microns. Hot-carrier effects cause unacceptable perforinance degradation in n-type
12 transistor devices built with convéntional drain structures if their channel lengths are less than
[3 . 0.5 microns.

14

15 A preferred method of overcoming this problem is to provide lightly doped
16  drain (LDD) regions within the substrate relative to the channel region in advance of the source |
17 and drain regions. The LDD regions are provided to be lighter conductively doped (i.e., less

18  concentration) thaﬁ the source and drain regions. This facilitates sharing of the voltage drop by
19 the drain in the channel, as opposed to the stark voltage drop at the channel occurring in non-

20  LDD n-type transistors. The LDD regions absorb some of the voitage .dropl potential into the

21  drain, thus effectivély eliminating hot carrier effects. As a reSu]t, the stability of the device is

22 increased.



- 20 LDD n-type transistors. The LDD regions absorb sonme of the voltage drop
- potential into the 21 drain, thus effectively elimnating hot carrier
ef f e€3590-088 &altlesult, the stability of the device is 22 increased. 23 2
CSOO-092 &1 'l 1 1 However, further shrinking of the gate width (i.e.,
shorter channel length) 2 nmakes the LDD region of a conventional transistor
: less effective. For exanple, shorter channel 3 lengths require the LDD
|l ength to be reduced to ensure sufficient sem conductive naterial 4 between
the di ffusion regHengvéfipthey shrinkiryshithé gate evidvhehe. | fhorgatieanvelllemgk) i s of f.
One way of 5 attending to such problenms is to displace the predom nant

Por tipikeRithd ]DQD%g‘i'bﬁ f ﬁ'&gmﬁi'hﬁbﬁhl £ RBSBR lesﬁefPé&x‘O@ rFHrléxﬁ"Aﬁl)é iﬁoﬁ@} ER@inel
substrate by elevating them For exanple, a.th (e.g., 200-nm 7 epitaxial

| gyer t S e e I r exposed 8
ol RS R IR Il ﬁﬁuc@%@g ?ﬁsgf%*uﬁﬁésﬁt AL R It
provided with 9 sufficientl h c nductl toe ctlvel
provﬂ?féwg‘?ﬂﬁ&‘E@ RSP fEgioRs F co ta‘1“15"9 E’dﬁ’g‘é %IWS can be
provided within the substrate i medi at el y beI ow t he el evat ed source, 1 |
artd dttending e guch poblama icto displacgithe predeminastpprtion of e sewrce ord Jrapt wgicasd
despite the snmaller width 12 gate. 13 The inportance of overcom ng the

var i oogwaally ewen Goesthe stbsthatelbyvedeviating thesv iFde rcaublée thine(eegxt 200sinre

t echnol ogi cal devel opnent directed to the subject, as docunmented by 15 the

r et evegitaxp@laet ofmondcepdidliitdilitdr @hdelseRctivie ghislesh aaRdpesepar ent |y nore
rel evant technical 16 devel opnents in the patent literature can be. gl eaned

byg CopRha&yitaGint/Somtce s d4R(batdid afeR@vithin an epi reactor, and provided with

9 sufficiently high conductivity doping to effectively provide source and drain regions. The lighter
10  doped LDD regions can be provided within the substrate immediately below the elevated source

11 and drain. Thus, a channel of sufficient length is effectively provided despite the smaller width

12 gate.

13 The importance of oilercoming the various deficiencies noted above is
14  evidenced by the extensive technological development directed to the subject, as documented by
15 the relevant patent and technical literature. The closest and apparently more relevant technical

16  developments in the patent literature can be gleaned by considering US 5,597,746(Prall) that

17 shows a FET with elevated S/D.

18 US 5,683,924(Chan et al. ) shows a raised S/D process.
19 US 5,422,289(Pierce) shows another raised poly S/D process.
20 US 6,015,727(Wanlass) teaches a damascene S/D process.

21

(%)



t.17:shows a FET with elevated SID. 18 US 5, 683,924(Chan et al.) shows a

- rai sed S/D process. 19 US 5, 422,289(Pierce) shows another raised poly SID
pr oc€S90-092@& UB 6, 015, 727(Wanl ass) teaches a damascene S/ D process. 21

CSOO- 092 & 111 | Summary of the Invention 2 It is an object of the present

I nvention to provide a nethod for fabricating an 3 elevated source / drain

:(SID). 4 51t is an object of the present invention to provide a nethod
for fabricating an 6 elevated source / drain (S/D) on a staircase shaped

ipsul ating layer. 7 To acconpumstaryBetimvenay ectives, the present

I nvention provides a method 8 for fabricating a elevated source / drain
(S/D) on a staircase shaped insulating layer. The 9 inventigon has two

pRef erred embodi métis en obictiofahe present prvenden previde aimathed forfbsicaieg et i bed
as follows. A gate structure 11 is forned over a substrate. The gate

s3r ucdlevaeed soupsedfdesialfSAD)conpri sed of -a gate dielectric layer, 12 gate

el ectrode, first spacers, and hard mask. A first insulating |layer is forned
over the substrate 13 and the gate structure. A resist |ayer is forned
hévi ng an opening over the gate structure and 14 over a |lateral area

adj acent to the gate structure. We etch the insulating | ayer through the

opening 15 in thet rs%ioﬁ\gect 8/e prebbd ifvention & pRVIERSMEhod Fsrifaliddatikpens of
the insulating layer to form.a source / 16 drain (S/ D) opening. W renove

the T LEShe SORRE Farad SISy HPstkirdaSe SIRpaY thsBRUAE fayer.drain (S/D)

7 - To accomplish the above objectives, the present invention provides a method

8  for fabricating a elevated source / drain (S/D) on a staircase shaped insulating layer. The

9 invention has two preferred embodiments.

10 The first preferred embodiment can be descri.bed as follows. A gate structure
11  is formed over a substrate. The ga{te structure is preferably comprised ofa gate dielectric layer,
12 gate electrode, ﬁrét spacers, and hard mask. A first insulating layer is formed ovér the substrate
13 and the gate structure. A resist layer is-formed having an opening over the gate structure and

14  over a lateral area adjacenf to the gate structure. We etch the insulating layer through the opening
15  in the resist layer. The etching removes a ﬁrsf thickness of the insulating layer t.o form a source /
16  drain (S/D) opening. We re.move the first spacers and hardmask to form a source / drain (S/D)
17  contact opening. We in{plant ions into the substrate through the source / drain (S/D) contact

18  opening to form lightly doped drain regions. We form second spacers on the sidewalls of the

19  gate electrode and the gate dielectric and on the sidewalls of the insulating layer in the source /
20  drain (S/D) contact opening and the source / drain (S/D) opening. A conductive layer is

21 deposited over the gate electrode, the insulating layer. The conductive layer is planarized to

4



: 17 contact opening. We inplant ions into the substrate through the source /
- drain (SID) contact 18 opening to formlightly doped drain regions. W

for mCsDo9d &pacers on the sidewalls of the 19 gate electrode and the gate
dielectric and on the sidewalls of the insulating |layer in the source / 20
drain (S/D) contact opening and the source / drain (S/D) opening. A
conductive layer is 21 deposited over the gate el ectrode, the insulating

| ayer. The conductive |layer is planarized to 4 CSOO 092 & 111 |. exposed
the 'e&geéeatth@ &shwﬁg 1atyer fodbih GleGiad @&hré@#&rﬁ& (5/19Y Roks(o? Dtaiida06 hapen a

stai rcase shape fnsul ating |ayer. 4 The second preferred enbodl ment

desc foI | ows. An insulati ng | ayer 5 having a staircase shaped
2en| ﬁ@ul%m Gi‘fdl't?(énsd over the substrate. The staircase shaped opening 6

conprised of a |lower opening and an upper opening. Next, A gate dielectric
| ’yer and gate 7 electrode |ayer are forned over the substrate filling the
a staircase shaped opening. W pattern 8 the gate dielectric |ayer and
gate el ectrode Iayer to forma gate dielectric_and gate electrode. 9 Then
i dhs are inpl ant ed erfeepndrpselsirpd embediment 5 dgteribsd as gqll&“fscégénw Ringdayer o
form LDD regions 10 128. Gate spacers are formed on the sidewalls of the
gdt e kavieg 1 stdircasadhaped wpaning i foryed owsalesubstrate. The sthiecase dkapsd opering t he
insulating layer in the staircase shaped opening. W formel evated 12

S08Ir ¢ eorhprilsediof a(IGk&) opehimglend ian upper opeening c dieet, Fhgge dietptrid lager ahdigatear e
inplanted into the elevated 13 source / drain (S/ D) blocks to dope the

eI ’PV abﬁ:@tr&%&'é?& dre ﬂfrﬁx’eﬂ' dvet Bk sﬁﬁﬁﬁl‘éﬂlhﬁg kheCd ﬂﬁiréa@g hlﬁ@éd égéhinéﬁw & phti@d on

e gate and the el evated source drain (S/ D)
8  the gate dielectric layer and gate electrode layer to form a gate dielectric and gate electrode.

9  Then ions are implanted into the substrate through said staircase opening to form LDD regions
10 128. Gate spacers are formed on the sidewalls of the gate electrode and insulating layer spacers
11 on the sidewalls of the insulating layer in the staircase shaped o'pening . We form clevated
12 source / drain (S/D) blocks in thé staircase shaped opening . Ions are implanted into the elevated
13 source/ drain (S§/D) blocks to dope the elevated source / drain (§/D) blocks. Silicide regions are

14  formed on the gate and the elevated source / drain (S/D) blocks.
15

16 The invention has many advantages over the conventional method to form

.17 Source /drains. The invention reduces parasitic junction capacitance. .Additional objects and
18  advantages of the invention will be set forth in the descriﬁtion that follows, and in part will be
19  obvious from the description, or may be learned by practice of the in{rention. The objects and

20  advantages of the invention may be realized and obtained by means of instrumentalities and

21 . combinations particularly pointed out in: the append claims.



116 The invention has many advantages over the conventional method to form
" 17 Source /drains. The invention reduces parasitic junction capacitance.
Addi tGSOR092a&jllkkt s and 18 advantages of the invention will be set forth in

" the description that follows, and in part will be 19 obvious fromthe

description, or may be | earned by practice of the invention. The objects

: and 20 advantages of the invention may be realized and obtai ned by neans
of instrunentalities and 21 conbinations particularly pointed out in: the
append clains. 5 CSOO- 092 & 111 2 Brief Description of the brawi ngs 3 The
features and advantages .of a sem conductor device according to the 4
present invention and further details of a process of fabricating such a
s@ni conductor device in Brigfdeseripden of the lgll’i'é*’lpg&?esent invention . will be
nore clearly understood fromthe follow ng 6 description taken in :
CQI’]] unction with a £ 7
nurrer al s deS| gnat ?‘glf%%?rgggﬁ&ydcvgrgtr géspé#nd& %\g&&d‘é@r}'@ﬁ?e\h&:a:cé:{)r?nﬁ, ar{ggport i ons

sect.i onal. vi

1 oSt fyeaton ¢ BRer %w%&*q%ﬁ%‘%ﬁﬁ bR S Rret B aBienin

el evated source / drain (SID) ns in a stai rcas sha 10. opening in
ar i nRSGPEAAneRWIth (s presept ‘“Y?“tlf!“g‘ﬁ ‘@°'E°rﬁl%i‘u@Hmf9’5%9° @»;dfgée‘mnsnm Vi ews
for illustrating a second 13 preferred enbodi ment of a nethod for formng

el v adesriptinn ieken indioajunciiay with thepcspmpanying dravingsdn whishdiksrgfesencepeni ng in
an insulating |ayer. 6
7 numerals designate similar or corresponding elements, regions and portions and in which:

8 Figures 1 through 8 are cross sectional views for illustrating a first preferred
9 embodiment ofa method for forming elevated source / drain (S/D) regions in a staircase shaped
10 opening in an insulating layer.

11

12 Figures 9 through 13 are cross sectional views for illustrating a second
13 preferred embodiment of a method for forming elevated source / drain ($/D) regions in a

14  staircase shaped opening in an insulating layer.



: CSO0-092 &1 | 11 Detailed Description of the Preferred Enbodi nents 2 A
- First Enbodi ment The first enbodi nent of the invention is shown in FIGS |
to 8.C80092%skdwh in FIG| gate structure is formed over a substrate. The
gate 5 structure is preferably conprised of a gate dielectric |ayer 14,
gate electrode 16, first spacers 24, 6. and hard nmask 18. 7 The first
spacers 24 and the hard mask 18 are conprised of silicon nitride or 8
silicon oxynitride. The first spacers 24 preferably have a thickness of

bet ween about 2000 andpeilédPRscliptidin $1ARB PréfefiedEmBodinténgs r ed for easier
removal by Hot Phosphoric acid. 10 As shown in FIG 1, we forma first

insul ating |ayer 28 over the substrate 10. 11 Preferably, the first

insulating |ayer_28 is formed over the substrate 10 and gate structure.
THen, 12 e f First EmBAdURenty | ayer 28 i s chemical - nechanical polish (CWP)

to be coplanar with the top of 13 the gate structure. The first insulating

layer 28 is preferphd firstemBbiizest of theXhw@ationls sabWalin FIEE Kto 84 material s
with Kless than 3.0 (e.g., Fluorine silicate glass (FSG, etc). The first
insulating layer 15 28 preferably has a thickness of between about 1 500
andl 4000 A. 16 As Wehewnin B! Bategiruetyres formedaver ¢ syhsiratgr Thegdthg an
opening 36 over the 17 gate structure 20 and over a lateral area adjacent
t 05t hetryetues is praferably somprisadBofsgatt diglectric 1mYes 14, gaje eleetseder ¥, ksteparerrZ%f t he
insulating layer 28 is etched 19 through the opening 36 and to forma

so6r cend hardanask(18. D) openi ng 40. The first thickness 42 of 20 the

insulating layer that is renoved is preferably between 500 and 1000 A 21
Th ist | i d. . - .-
'67'\ rests ayer. | %‘hé first \égacers 24 and the hard mask 18 are comprised of silicon nitride or

8 silicon oxynitride. The first spacers 24 preferably have a thickness of between about 2000 and

9 4000 A. Silicon nitride is preferred for easier removal by Hot Phosphoric acid.

10 As shown in FIG 1, we form a first insulating layer 28 over the substrate 10.
11 Preferably, the first insulating la};er 28 is formed over the substrate 10 and gate structure. Then,
12 the first insulating layer 28 is chemical-mechanical polish (CMP) to be coplanar with the top of
13 the gate structure. The first insulating layer 28 is preferably comprised of oxide, or other low K
14  materials with K less than 3.0 (e.g., Fluorine silicate glass (FSG), etc). The first insulating layer

15 28 preferably has a thickness of between about 1500 and 4000 A.

16 | As shown in F1G 2, we form a resist layer 32 having an opening 36 over the

17 gate structure 20 and over a lateral area adjacent to the gate structure 20.

18 As shown in FIG 3, a first thickness 42 of the insulating layer 28 is etched
19 through the opening 36 and to form a source / drain (S/D) opening 40. The first thickness 42 of

20  the insulating layer that is removed is preferably between 500 and 1000 A.

2 The resist layer.is removed.



¢ 7 ,r. CSOO-092.& 111 1 In an optional step, a blanket etch back (e.g.,

" optional oxide etch back step) is 2 perforned to reduce the thickness of

t he fGS08t0Rsuibting | ayer 28. 3 As shown in FIG 3, the thickness 44 is
preferably between 500 and 33000 A 4 and thickness 42 is preferably

bet ween 500 and 1000 A and the total thickness of |layer 28 (44 5 plus 42 )
. 1s preferably between 2000 and 4000 A. 6 As shown in FIG 4, we renove the
first spacers 24 and hardmask 18 to form 7 a source | drain (SID) contact

openi ng 50. Pref ek yptidhal §t85 4 HidkegetcR ek ?é%.bagicﬁlat otigk oeh Hacld ste is
bet ween about 1500 and 2000 A. 9 As shown in FIG 5, we inplant ions into

the .1%%@&?okhﬁ%&gbtﬂi%eww:ﬁéﬁgséirﬂsglla%@d}/iﬁsﬁ D) contact opening 50 to

formTightly dope rain regions shown in FIG 6, we form
second spacers 54 56 58 on the sidewalls of the 13 gate electrode 16 and
t Be gate diel ectriAs shédwarin Fb® 31 the thickieantié & péfetdbly betsatmfOhand 3006rA 28 in
the 14 source / drain (SID) contact opening 50 and the source / drain

(&l D) aripaitk Aghs 40 is fieeeraisty 6Bvelh SOPARETGOPA 206 tiB ot ehigkmeELsfaRier 280ar i se of
silicon oxide or silicon nitride and preferably have a 16 thickness of

bet wegils a9 9 prefiPati BethaBP2850 anf ABgFown in FIG 7, a conductive layer is

deposited over the gate electrode 16, 18 the insulating |ayer 28. The
conductive layer is conprised of n-doped polysilicon and has a 19 thickness
of6 bet ween about 288hewnlindBIGD4,Ave rimoye e Risyspagers GAdop bardpubly 18 40 theposi t ed
and the _

7  dsource/ drain (S/D) contact opening 50. Preferably the insulating layer 24 has a thickness of

8  between about 1500 and 2000 A .

9 As shown in FIG 5, we implant ions into the substrate through the source/

10 drain (S§/D) contact opening 50 to form lightly dope,d drain regions 53.

1

12 As shown in FIG 6, we form second spacers 54 56 58 on the sidewalls of the
13 gate electrode 16 and the gate dielectric 14 and on the sidewalls of the insulating layer 28 in the
14 source / drain (S/D) contact opening 50 and the source / drain (S/D) opening 40. The second

IS spacers 54 56 58 are preferably comprise of silicon oxide or silicon nitride and preferably have a

16  thickness of between about 500 and 1000 A.

17 As shown in FIG 7,a conductive layer is deposited over the gate electrode 16,
I8  the insulating layer 28. The conductive layer is comprised of n-doped polysilicon and has a

19 thickness of between about 2500 and 3500 A. Alternately an undoped poly is deposited and the

20  ions are implanted to dope the poly.



: 20 ions are inplanted to dope the poly. 8 CSOO- 092 & 111 1 As shown in FIG

8, we planarize the conductive |ayer to exposed the 2 insulating |ayer 28
to f deyA0PR&tldd source / drain (SID) blocks 62 on a staircase shape

insulating 3 layer 28. The planarization is preferably a

chem cal - mechani cal polish (CW) process. 4 The first enbodi ment provides

. the benefits of a highly manufacturable 5 elevated source / drain (S/ D)
process. The staircase shaped opening us to define the poly 6 connections

tq the LDD (shal | vy shoWagn FOGQBE &re/plahbakdithe DohJuctitgiagestofeipaded thor ned on top
of the 7 insulating |layer 28 in the opening 40. The structure al so

Drovi leSlabiid 1206 PGB Elé AR Shyitad Plrgfh (1SS 8100 2 KL Shape Sydufhtils T B

Secon | nt 12 The second enbo nt” of the 1 nvention i

e Bt gDl o B Boe Pl PRIl MR R 10,5 e
staircase shaped opening. 116 118 conprised of a 15 | ower opening 116 and

ant upper openi ng M firkhemsébéintennpovilaprbeaphsiong hich, hisufaairddee 16 for med
by many different processes as known by those skilled in the art. .The

stai r gReMed BaRES) drhih (SABYbrosest. 1 Fhd #Birean sb@eé%&rﬂﬁgubxo a8nd the pBEt hods used
to define a dual damascene shaped 18 opening, including 2 photoresist step

préceémcuﬂﬂ% hd RS Es‘?:;ﬁlil%?. L’g'%é%o{lﬁ:teqlgggﬁ g@%ﬁorﬁj& b ?orh{lﬁ t&nqhzaeﬂmleayer

has first thicknesses ween 1 ., second thickhess 118A

7  insulating layer 28 in the opening 40. The structure also provides better punchthru margin for

8  short channel devices.

9
10
11 B. Second embodiment
12 : The second embodiment of the invention is shown in FIGS 9 to 13.
13 As shown'in F1G 9, an insulating layer 114 having a staircase shaped opening

14 116118is formed over the substrate 10. The staircase shaped opening 116 118 comprised of a
15 lower opening 116 and an upper opening 118. The staircase shaped opening 116 118 can be

16  formed by many different processes as known by those skilled in the art. The staircase shaped
17 opening 116 118 can be defined by any the methods used to define a dual damascene shaped

18  opening, including 2 photoresist step processes, and 1 photoresist layer/etch processes.

19 The insulating layer has first thicknesses 116A between 1000 to 1500 A, second thickness 118A

20  between 500 and 1000 A and a overall thickness 114A (116 A and 118A) of between 1500 and
21 2000A.



: 20 between 500 and 1000 A and a overall thickness 114A (116 A and 1 |8A) of

" between 1500 and 21 2000. 9 CSOO-092 & I | I | Next, we forma gate

di el &50Pi082aYEr and gate el ectrode l'ayer over the 2 substrate 10 filling

the a staircase shaped opening 116 118. The gate dielectric layer is 3

preferably conprised of oxide. 4 As showmn in FIG 10, we pattern the gate

. dielectric layer and gate electrode 5 layer to forma gate dielectric 122
and gate el ectrode 126. The gate dielectric |laver and gate 6 electrode

| ayer can be pat t Reedelfyrt @BuRMidlonat ldyet MiddPElearddedepsd0erthé 8 As
shown in FIG 11, ions are inplanted into the substrate 10 through the 9

openi gst 01 G RfinkRe &afcdse sﬁ%{eﬂ}o}qg@ng?% NS THeSateldlelEORR layRisf Or M gat e

spacers 130 on the sidewalls gate el ectrode 116 11 “and insul ating
I?yer s%a%?rs 132 é %4 .gn the sidewalls of the insulating |ayer 114 in the
stai rRIESEOY PERISE S 81Y€Hi ng 116 118. The spacers are forned by forning a
bl ank | ayer and anisotropically 13 etching the bl anket |ayer. The gate

spacers 130 and t xg showHliRFIG Y0, Y phttediv BRaiate didécttiddayRf end ddte pleefredabl y
conprised of oxide. 15 As shown in FIG 12, we form el evated source / drain

(3D la%rQG KSrml4 Otk Rielekfrid 22 ah@bhieaRBrod@ PAF TRP gieMikldotc fl8r antheut€! evat ed

source”/ drain (S/D) blocks 1407are fornmed 17 in the stairfcase shaped

i X iLLOg: b L . th bstr at
18 A R AT e e o B B R i Bk U 21 T con 1 ayer down

to the insulating |ayer
7

8 As shown in FIG 11, ions are implanted into the substrate 10 through the

9  opening 116 and the gate to form LDD regions 128.

10 Then, we form gate spacers 130 on the sidewalls of the gate electrode 116
11 and insulating layer spacers 132 134 on the sidewalls of the insulating layer 114 in the staircase
2 shaped opening 116 118. The spacers are formed by forming a blank layer and anisotropically

13 etching the blanket layer. The gate spacers 130 and the insulating layer spacers 132 134 are

14  preferably comprised of oxide.

15 ~As shown in FIG 12, we form elevated source / drain (S/D) blocks 140 in
16  the staircase shaped opening 116 1 18. The elevated source / drain (S/D) blocks 140 are formed
17  in the staircase shaped opening 116 118 by: (a) depositing a polysilicon layer over the substrate

18 and (b) chemical-mechanical polishing (CMP) the polysilicon layer down to the insulating layer

19 114,

10



19 114, 10 CSOO-092 & 1 I I I In an optional step, we inplant ions into the

- elev [ drain (S/D) 2 blocks 140 to dope the el evated source /
dr ai %@%@?L&)?gkks 140. Ot herw se, the polysilicon layer 3 could be

i n-situ doped at deposition time. 4 As shown in FIG 13, we formsilicide
regions 144 146 on the gate 126 and the 5 elevated source/ drain (S/ D)

bl ocks 140. 6 7 The second enbodi nent provide benefits of a highly

manuf acturabl e el evated 8 source / drain (S/D) process. The staircase
shaped openi ng i sTusedptiomabistép, rvee intptany dbns istortheelevated sodcd /odraineg SIDD
(shallow) and the low resistivity salicide regions-144 146. 10 11 ' 12 As

a2pr &f|648 140 tb ASpLitk dlehadd daiwres | Brlaird(S/D) blosiksordod (rferdAies chel giaysilicth lklﬁe?d in

this 13 speC|f|cat|on and the appended clains, the singular forms "a",

" %”"’co?\ﬂijb" fu doggégp&gg%l%ﬁ ime4 referents, unI ess the context cl early

dictates o I'cC termnology of particular 15 inportance to
t he descri ptlon of the present invention is defined below. 16 Wthin the

prdesent inventi on,AsshewslihFIG a8 ewaiymbslicids tgiinsddé 1daphoheghte 126 and then a
m croel ectronics fabrication selected fromthe group including but not

ligm t @evdted dtiréa N REINAEAD) Wbdkeuid. m croel ectronics fabrications, solar cell
m croel ectronics fabrications, ceramc 19 substrate m croel ectronics

fa6br| cations, optoelectronics device fabrication and flat panel display
7 | The second embodiment provide benefits of a highly manufacturable elevated
8  source/drain (S/D) process. The staircase shaped opening is used to define the poly connections

9 tothe LDD (shallow) and the low 'resistivity salicide regions144 146.
10

11

12 ' As a preface to the detailed description, it should be noted that, as used in this
13 specification and the appended claims, the singular forms "a", "an", and "the" include plural
14 referents, unless the context clearly dictates otherwise. Specific terminology of particular

15  importance to the description of the present invention is defined below.

16 Within the present invention, the substrate may be a substrate employed

17  withina microelectroni—cs fabrication selected from the group including but not limited to

18  integrated circuit microelectronics fabrications, solar cell microelectronics fabrications, ceramic
9  substrate microelectronics .fabrications, oﬁtoelectronics device fabrication and flat panel display
20  microelectronics fabrications. Although not specifically illustrated within the schematic cross-

2 sectional diagram of Fig. 1, the substrate 10 may be the substrate itself employed within the

il



- 20 mcroel ectronics fabrications. Al though not specifically illustrated
within the schematic cross- 21 sectional diagramof Fig. 1, the substrate
10 nﬁ?OQQ ZRelklubstrate itself enpl oyed within the Il .r; CS00-092 & 111 1
m croel ectronics fabrication, or in the alternative, the substrate may be
t he substrate enployed 2 within tile mcroel ectronics fabrication, where
the substrate has fornmed thereupon or thereover 3 any of several
additional mcroelectronics layers as are conventionally enployed within

t e 4niBicelee@bfies fabritatfonf abini thakltarnativBUthl salsktiatd maybe thegubgiactmployed | ayers
may include, but are not S limted to, mcroelectronics conductor |ayers,

ThCT QRS i;fe%ic?&eléchgh Fc%f?érbj'vmé?é the 3kt At Mas rf&%e%%ér@%‘;%&ﬁor%@ﬁe@\%rr I C

| ayers, ect 1nvention, etching refers to chemcally
eatln a r Lre t ching

r &f er® gy oﬁa‘%’vﬁéa] a?%&rgf'a Lleneéq”t olcgrqe g% il% %3?%% O%él n% ? fﬁgés wc{)tﬁl%trl?g mat eri al
from anot her eni. conduc ucture Sel ct lve 11 nitride etch
8 orBIRs OB s PRGN, SHOR AR FEFTOPRaoTo Sy ey SHElios: B 3P OPY des ¢ he
12 selectivity ratio of which indicates the reI ative etch rates of the

r s pdisnitektopaapelgsteoni¢szoniyqterdayers gnigesteciranich samigppsiuctoidaysrs andnel udes
polysilicon (polycrystalline 14 silicon), anorphous silicon

( Son- micyedledttonivs dsslédtioyersnmonocrystal line silicon and 15 silicon/ ger mani um
materials. Such silicon nmay be n- or p-doped, or undoped. 16 CVD refers to
chem cal vapor deposition. LPCVD refers to |ow pressure 17 chem cal vapor

deposition. lon inplantation refers to the inplantation of ions, for

e le, for . . . . . .
4l As used in the subject invention, etching refers to chemically eating away a

9  material to form a desired pattern. Selectively etching refers to the use of etching to remove
10 selected portions of one material from another in a semiconductor structure. Selective
11 oxide:nitride etch refers to an etch having a higher etch rate for oxide than for nitride; the

2 selectivity ratio of which indicates the relative etch rates of the respecﬁve materials.

13 Silicon, as used in this application, includes polysilicon (polycrystalline
14 silicon), amorphous silicon (non-crystalline silicon), monocrystalline silicon and

15  silicon/germanium materials. Such silicon may be n- or p-doped, or undoped.

16 CVD refers to chemical vapor deposition. LPCVD refers to low pressure

17 chemical vapor deposition. Ion implgntation refers to the implantation of ions, for example, for
18  doping a semiconductor substrate. Salicidation means formation of self-aligned silicide.

19 Oxide as .used in the subject invention refers to silicon oxides and nitride as
20 used herein refers to silicon nitride. The oxide may be doped or undoped, such as PSG (phospho-
21 | silicate glass) or BPSG (Boron doped PSG). An insulation layer or insulator layer refers to a

22 layer ha.ving a high~résistivity, which does .not conduct clectricity. It may act as a sodium barrier.

12



18 .dopi ng a sem conductor substrate. Salicidation neans formation of
self-aligned silicide. 19 Oxide as used in the subject invention refers to
siIi@@ﬁOgQ?ééE”and nitride as 20 used herein refers to silicon nitride. The
oxi de may be doped or undoped, such as PSG (phospho- 21 silicate glass) or
BPSG (Boron doped PSG . An insulation layer or insulator layer refers to a
22 | ayer having a high-resistivity, which does .not conduct electricity. It
may act as a sodiumbarrier. 12 CSOO- 092 & 111. 2 In the above description
nynmerous specific details are set forth such as flow 3 rates, pressure
settings, thicknesses, etc., in order to provide a nore thorough
under st andi ng- of _4 the present invention. It wl| be obvious, however, to
ofe skilled in thintheebeyedesenptioprumeneusspesilie deribnhangast loehsuekas Ry

wi t hout these details. In other instances, well known process have 6 not
béen raigs,qredsent setingstthicknéssesoetdein orderiotpravide s oxsathorqugbbaderstanting ofr esent
invention. Also, the 7 flowrates in the specification can be scaled up or
dawn tkeprsag inveatisank willlbaob¥oas, hoalevas td eneSkilledanthecat shathhtf gessace si zed
reactors as is known to those skilled in the art. 9 Unless explicitly

stsat GevéttidaintdySss pré@ted RHIFBLI hiede d6dile 1R Bthef MBERcSE ML nd¥n pidetsHagE pr et ed
as being approximate as if the word about or approximtely preceded the

vyl U%d?foeermllc)lléc hl%?i it Qileﬁﬂdﬁ brded fdfot Vﬂ]’lﬁﬁce%s’e%friw]glgs%mtenﬁe bRYERGARLERS Aps%g{he

particularly shown and descri be erence 14°to the preferre

B L SR T R O

ng from
the spirit and ope of the 16 invention. It is intended to cover various
o £ e SRR SEeR Yz oo g8 HoRow Rahose skied hthe &t
9 Unless explicitly stated otherwise, each numerical value and range should be

10 interpreted as being approximate as if the word about or approximately preceded the value of

11 the value or range.

12

13 While the invention has been pz'micularly shown and described with reference
14 to the preferred embodiments thereof, it will be understood by those skilled in the art that various
15  changes in form and details may be made without departing from the spirit and scope of the

16  invention. Itis intended to cover various modifications and similar arrangements and

17  procedures, and the scope of the appended claims therefore should be accorded the broadest

18  interpretation so as to encompass all such modifications and similar arrangements and

19  procedures.

20

21



17 pr ocedur es, and the scope of the appended clains therefore should be
accoreggq blr[gadest 18 interpretation so as to enconpass all such
. nodi fIr'ca |0‘h‘§‘ and sinmlar arrangenents and 19—%% 13
CSO0O- 092 & | IIIIIIQIIIIIIhIIIIfIhI1111MS- l ai med is:
14 CS00-092 & 1001 O Y I U O B 1111111 Jlmm(ﬂmum mmm 2 1. A
-met hod of fabrication of an el evated Self-Alig
device on a 3 staircase shaped insul ating Iayer com‘Jrl & ny t’he steps of :
4 la) Whehisredpigedés:structure over a substrate; said gate structure conprised
of a gate 5 dielectric layer, gate electrode, first spacers, and hard
mask; 6 b) formng a first insulating | ayer over said substrate; 7 c)
formng a resist |ayer having an opening over said gate structure and over
a lateral .8 area adjacent to said gate structure;

14



-9 d) etching said insulating |ayer through said opening in said resist

| ayer ng 10 renoving a first tgh/l(%k’negg,o_LM—d—t—nsul ating | ayer
to fo??ré&s%%%clg / drain (S/D) 11 openin 2 e) id first
spacers and said hardmask to forma sour celmmlﬁ“ M§ cont act
opening; 14 f) inplanting ions into said s h«sai d source /
. drain (S/D) contact is opening to formllgh’tly doped drain regions; 16 Q)

form ng second spacers on the sidewalls of said gate el ectrode and sai d
gate 17 dielectric and on the sidewalls of said insulating layer in said

soyl /dr|n 1 act openRicn nd 1.d ain. D
op‘enl H}eﬂg)gpo?&?rfcﬁﬂg S‘Hcﬂfgﬁegéeﬁé@ °§§8Ff°§2?’:§%§ cél\é[%ré deeV{c&%& sai d
|nsulat|ng | ayer; and, 20 .i) planarizing said_conductive |ayer to exposed
satd i n§@}ra§spﬁbaneéy%%ulwgf% eprapategthesersgfirce / drain (S/D) bl ocks on a
staircase shape insulating layer. 22 15 CSO0-092 & 1 | 1

114111111121 11 farming gate strugtarejoen a substrate; said gate sifeatWedcURprésed ofih Batgher ei n
said first spacers and said hard mask are conprised of silicon nitride. 3.
Th® met hod of didledtne layehgateictectadel firstrspacernsod bardmepskayer is conpri sed of
oxide. 4. The nethod of claiml1l wherein said first insulating |ayer has a
théckness @) bebmmiag a first insulating layer over said substrate;

7 c) forming a resist layer having an opening over said gate structure and over a lateral
8 area adjacent to said gate structure;

9 d) etching said insulating layer through said opening in said resist layer; the etching
10 _removing a first thickness of said i}lsulating layer to form a source / drain (S/D)

11 opening;

12 e) removing said first spacers and said hardmask to form a source / drain (S/D)

13 contact opening; |

14 f)  implanting ions into said substrate through said source / drain (S/D) contact

15 opening to form lightly doped drain regions;

16 g) forming second spacers on the sidewalls of said gate electrode and said gate

17 dielectric and on the sidewalls of said insulating layer in said source / drain (S/D)
18 contact opening and said source / drain (S/D) opening;

19 h)  depositing a conductive layer over said gate electrode, said insulating layer; and
20 1) planarizing said conductive layer to exposed said insulating layer to form elevated
21

source / drain (S/D)_ blocks on a staircase shape insulating layer.

9
[0S

15



- about 2000 and 4000 A. 5. The method of claim| wherein said first

I nsul atin Ia¥er I's formed over said substrate—ant—gate structure and said

o fi rstCSQQS&Za&i hb | ayer is chemnical - ' ' (CWP) to be coplanar

- wth the top of said gate structuremﬂmgwﬂm‘sﬁ!‘ claiml|l wherein said
first thickness of said insulating | T ween*500 and 1000 A. 7. The

. method of claiml| wherein said second spacers are conprised of siliconoxide

and have a thickness of between about 500 and. 1000 A. 8. The nethod of

clai 3.1 wiBreamethsdbflclaimm d weiereie sdid fiest spsceesoaryrsasidahird mask aiemedchprised y&i | i con

and has a thickness of between about 2500 and 3500 A. 1 9. A nethod of

f abri cadiiicyn ffrigan el evated Sel f-Aligned Source / Drain CMOS device on a 2

staircase shaped insulating |ayer; conprising the steps of: 3 a) formng

gate struc r e S d - . St : . of a gate 4

diel et ri c*#%@%@}sgé’g?‘é‘ﬁ@ﬁes”f’:lge?%’géf“ﬁﬁrrs‘ ﬁéﬁa elé’é&t‘i‘??g“‘ﬁ‘%r%g °Fr§§@e 5 (1) said

first, spacers and , said. hard mask are conprised of sili.con nitride. 6 b)

for mi g a 1% TEMOR SRR g heipa s e S ehrae bt faf B IS eERSohe%ene 11 )

1j 11111212121 11 12 1\1 111 CL S 7 (1) said First insulating |layer is

conpr i seRPUH208Qi A 408P A diel ectric material 8 with a dielectric constant

less than 3.0 ; said first insulating |layer has a )
5. The method of claim 1 wherein said first insulating layer is formed over said substrate

_ and gate structure and said first insulating layer is chemical-mechanical polish (CMP) to be

coplanar with the top of said gate structure.

6. The method of claim 1 wherein said first thickness of said insulating layer is between 500
and 1000 A.
7. The method of claim 1 wherein said second spacers are comprised of silicon oxide and

have a thickness of between about 500 and 1000 A,
8. The method of claim 1 wherein said conductive layer is comprised of n-doped

polysilicon and has a thickness of between about 2500 and 3500 A.

19 A method of fabrication of an elevated Self-Aligned Source / Drain CMOS device on a
2 staircase shaped insu-lati_ng layer; comprising the steps of: -
3 a) forming gafe structure over a substrate; said gate structure comprised of a gate
4 dielectric layer, gate electrode, first spacers, and hard mask;
5 . . )] said first spacers and said hard mask are comprised of silicon nitride.
6 b)  forming a first insulating layer over said substrate;
16



-9 thickness of between about 2000 and 4000 A; 10 (2) said first insulating
| ayer_is forned over said substrate and gate structur and said first

i nsuI(bﬁOPTQQ2I&a§/b‘r i s cheni cal - mechani cal M 12 copl anar
with the top of said gate structure; 13 c)u“‘“““lﬂl‘““!ﬂ:“iﬁ | ayer having an
openi ng over said gate structure and over ea adjacent to
said gate structure; 15 d) etching said instlati ng Iayer t hrough said
opening in said resist layer, the etching 16 removing a first thickness of
sai d insul atingqi} ayesnid frsf msm@xgsmyéxqecémﬁlﬁ@:urbfwd@)or1a7d|@na@tmcriﬂaterm (1)
said first thickness of said insulating |layer is between 500 and 000
18 e) renoving saiWith p rdielectps canstang irss swind. har@idefinst méulﬂ@msﬂaaerslmlace /
dgain (S/D) 20 co LOa: ions -into said substrate
tEr ough said sourggﬁﬁﬁ%f?%ﬁ&?%flb%go& act£l%n42dog%‘énl ng to formlightly doped
drain regions; 23 g) form ng second spacers on the sidewalls of said gate
qlpect rode and s@jd gﬁt@ﬁ%ﬂ rﬁalﬁh@gh&bﬁs @&%e%vtah@m&mﬂﬁw@de afid ShteSTubture
insulating | ayer |n sai d source drain D) 25 contact opening and said
sldurce / drain (S/@d S@p’eﬁﬁsh@w@'@n&lﬂyerslaPbpmléddndcfgpl&@bmdlsm(@l\/ﬁ’drlt@be sed of
Sll)| i con oxide and é%ﬁa@vﬁth'tﬁé‘t’&?%?s&ﬁgmge Hla% en about 500 and 1000 A; 28

depositing a co uctive layer over “sal é el ectrode, and said

14 area adjacent to said gate structure;
15 d) etching said insulating layer through said opening in said resist layer; the etching
16 removing a first thickness of said insulating layer to form a source / drain (S/D)
17 opening;
18 (1)  said first th'i'ckness of said insulating layer.is between 500 and 1000 A;
19 e)  removing said first spacers and said hardmask to form a source / drain (S/D)
20 contact opening;
21 ~ f)  implanting ions into said substrate through said source / drain (S/D) contact
- 22 opening to form lightly doped drain regions;
23 - g) forming second spacers on the sidewalls of said gate ele;:trode and said gate
24 ~ dielectric and on the sidewalls of said insulating layer in said source / drain (S/D)
25 contact oper-aing and said source / drain (S/D) opening;
26 (1)  said second spacérs are comprised of silicon oxide and have a thickness of
27 : between about 500 and 1000 A;
23 h)  depositing a conductive layer over said gate electrode, and said insulating layer;

17



.S 29 (1) said conductive layer is conprised of Wand has
a 30 thickness of between about 2500 and 3500 A anarizing said
condéX00W92|1&) Bk t 0 exposed said insulating |ayer "L'&”MF ﬁ I 32

“ source | drain (SID) blocks on a staircase shape ins
| 10. A nmethod of fabrication of Self-Aigned Source / Drai n deV| ce on

_a staircase 2 shaped insul ating layer conprising the steps of: 3 a)
form ng an insulating |layer having a staircase shaped openi ng over

ggbstrate; sai d1)4 sdaad mﬂaamh@mds Wis@@oﬁﬁfmpecﬁp@lrﬂhc@ Ardiess '1open| ng

and an upper opening; b) formn ate dj el e}erl c layer and gate

8Pect r ode Payer owéwkggﬁsafbatb@pna it 12500 pnd FP0 & said a staircase shaped
Qpening; 7 _c) patterning said gate di el ectr yer .an ate el e

Bdyer to fidrm RS Bideqnduetive layes e expos %ﬁ‘é P%HBg?agg‘d‘P forpie f"ieﬂg i ons
into said staircase opening to formLDD regions; 10 e) form ng gate spacers
&% the si demasquscedfdr@a|(8f®gﬂ@ke|oe@t5¢aa@ésqaﬁh@p¢ insuletng leyel. ayer 11 spacers on
the sidewalls of said insulating layer in said staircase shaped opening;

133 fl formng elevated source / drain (S/D) blocks in said staircase shaped
opening; 13 g) inplanting ions into said el evated source / drain (S/D)

b] ocks to dope said elevated. 14 source / drain (S/ D) blocks ; and 15 h)

fHBYm ng silicide regions on said gate and said el evated source / drain
(S/' D) bl ocks.

I 10. A method of fabrication of Self-Aligned Source / Drain CMOS device on a staircase

2 shaped insulating layer comprising the steps of:
3 a) forming an insulating layer having a staircase shaped opening over a substrate; said
4 staircase shaped opening comprised of a lower opening and an upper opening;
5 b)  forming a gate dielectric layer and gate electrode layer over said substrate 10 filling
6 said a staircase shaped opening;
7 c)  patterning said gate dielectﬁc layer and gate electrode layer to form a gate
8 dielectric and gate electrode; -
9 d) implanting ions into said staircase opening to form LDD regions;
10 e)  forming gate spacers on the sidéwalls of said gate electrode and insulating layer
11 spacers on the sidewalls of said insulating layer in said staircase shaped opening;
12 f)  forming elevated source / d-raiﬁ (S/D) blocks in said staircase shaped opening;
13 g) implanting ions into said elevated source / drain (S/D) blocks to dope said elevated
14 source / drain (S/D) blocks ; and
15 h)  forming silicide regions on said gate zmd said elevated source / drain (S/D) blocks.
16

18



.16 18 CS00-092 & I Il 111111111111311 10001 12112 010 11l * CL MS 11. The
nmet hod of claim 10 wherein said gate dielectric Iayep—l—s—eenmu—sed-of

oxi deCSQAR092r&d liet hod of claim 10 wherein said gat

“ insulating |layer spacers are conprised of oxide. 'ﬂm LB’EM ml claim
10 wherein said elevated source/ drain (S/ D) bl ocks said

. staircase shaped opening by: (a) depositing a polysilicon | ayer over said
substrate and (b) chem cal - nechani cal polishing -(CWP) said polysilicon

| ayer 1HlownThe nietiod dfeithai wikeréiaeid. gafe didlectfic itehisctoafprisedof edd¢e.on of

Sel f- Al'i gned Source / Drain CMOS device on a staircase 2 shaped insulating
| ayer 1£0MPIThe nfdehdd 6t i RPD Whereid s@id 4a?er ﬁa@é}s Hd 'sﬁ%%s’%ﬂdtﬁ@ l!t)%\‘%ﬁac@?svdré‘g a
staircase shaped openlng over a substrate; 4 said stalrcase shaped opening

conpris openi ng and an upper opening; 5 b) formng a gate
di el ect gS'mS{%‘e% § gate el ectrode | ayer over said substrate filling 6

iihgr?giéaaﬁr‘é%%? ST et dbverdspuibectdonn D acks o tareedia o

el ectrode layer to forma gate 9 dielectric and gate el ectrode; 10 d

i npl ant istig stangase; shﬂnﬁdsmedmsm(ar)éiteeosutmgcmrmssMQm leyesiovenssed sibstintegnd € or m
LDD 1 1 regions;

chemical-mechanical polishing '(CMP) said polysilicon layer down to said insulating layer.

114 A method of fabrication of Self-Aligned Source / Drain CMOS device on a staircase
2 shaped insulating layer comprising the steps of:
3 a) forming an insulating layer having a staircase shaped opéning ovel; a substrate;
4 said staircase shaped opening comprised of a lower opening and an upper opening;,
5 b) forminga gafe dielectric layer and gate electrode layer over saici substrate filling
6 said a staircase shaped opening; |
7 (1)  said gate dielectric .layer is comprised of oxide;
8 c) patterrﬁng said gate dielectrié layer and gate electrode layer to form a gate
9 dielectric and gate electrode;
10 d)  implanting ions into said substrate through said staircase opening to form LDD
11 regions; .
12 e) forming gate spacers on the sidewalls of said gate electrode and insulating layer
13 spacers on the sidewalls of said insulating layer in said staircase shaped opening ;
14 . (1)  said gate spacers and said insulating layer spacers are comprised of oxide;
15 f)  forming elevated source / drain (S/D) blocks in said staircase shaped opening;

19



.12 e) form ng gate spacers on the sidewal s of said gate el ectrode and

i nsul atin | 3 spacers on th of said insulating layer in
sai dC§9@r1082: gl Ishaped opening ; 14 e spacers and said .

insul ating | ayer spacers are cf ﬁgﬁ 15 f) form ng el evated
source / drain (S/ D) blocks |n I¥ case shaped openi ng; 19 CSOO 092 &
I 11 14 1~l1ll1~~SCL M'"15 (1) said el evated source / drain (S/D)

bl ocks are forned in said staircase 16 shaped opening by: (a) depositing a
pol ysilicon | aygy owerl ebavattdsotnser dtain 681D) blbcks ik fomnsed iaadaidietehense cal

polishing (CWMP) said polysilicon |ayer..down to 18 said insulating |ayer;
(?) i npl ant i ng ion§hPﬁﬁd&P§&‘P8 tF G0 lepesiing A Belvpiligen amer(%ya%%w‘g\q ddope

T2 gi ons on sai o gAr Lo e Rfich Holini ”%im” Ao oIS “22%20

18 said insulating layer; |

19 g)  implanting ions into said elevated source / drain (S/D) blocks to dope said elevated
20 source / drain (S/D) blocks; and

21 h) forﬁixlg silicide regions on said gate and said elevated source / drain (S/D) blocks.
22

20



