8 June 2005 Method To Form Sel f-Aligned Source / Drain CMOS Device On

I nsul ated Staircase Oxi de Background of Invention 1) Field of the

I nvention This invention relates generally to fabrication of sem conductor
devices and nore particularly to the fabrication el evated sour &elunedpf n
regions on a staircase shaped insulating |ayer. 2) Description of the
Prior Art Field effect transistors (FETs) are conprised of a pair of

di ffusion regions, referred to as a source and a drain, spaced apart

Wi thin a sem conductive substrate. Such include a gate provided adjacent

t he separation region and between the diffusion regions for inparting an
electric field to enable current to fl ow between the diffusion regions. The
substrate area adjacent the gate and between the diffusion regions is

ref er r edfldibodi¥o tthenchaNAGkncd BEuRe MGANIEMOY DeviRYRSE TR EY phﬁﬁéaké/ Oxide
conprises a bul k nonocrystalline silicon substrate having a [1ght
conductivity dopant inpurity concentration. Alternately, the substrate can
be provided in the formof a thin layer of lightly doped sem conductive
material over an underlying insulating |ayer. Such are commonly referred
to as seniconductor-on-insulatggwgsg;% cggstructions. Integrated circuitry
fabrication technol ogy continuSete P dNYY Y0t ease circuit density,
and thereby mnimze the size and channel |engths of field effect

t r ansi st)oFgld oflihe Invention

This invention relates generally to fabrication of semiconductor devices and

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

msulating layer.

2) Description of the Prior Art

Field effect transistors (FETs) are comprised of a pair of diffusion regions,
referred to as a source and a drain, spaced apart within a senuconductive substrate. Such include
a gate provided adjacent the separation region and between the diffusion regions for imparting an
clectric field to enable current to flow between the diffusion regions. The substrate area adjacent
the gate and between the diffusion regions is referred to as the channel. The semiconductive
substrate typically 6omprises a bulk monocrystalline silicon substrate having a light conductivity
dopant inipurity concentration. Alternately, the substrate can be provided in the form of a thin

layer of lightly doped semiconductive material over an underlying insulating layer. Such are

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

Integrated circuitry fabrication technology continues to strive to increase

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




8 June 2005 I nprovenents in technol ogy have resulted in reduction of field
effect transistor size fromlong- channel devices (i.e., channel |engths
greater than 2 microns) to short-channel devices (i.e., channel |engths
‘less than 0.5 microns). As field effect transistor channel | engtéhlingi20es
gate wi dths) becane smaller, so-called short channel effects began to
becone increasingly significant. As a result, device design and
consequently process technology had to be nodified to take these effects
into account so that optinmum device performance could continue to be
obt ai ned. For exanple, as device dinensions are reduced and the supply

vol tage remains constant, the lateral electric field generated wthin the
substrate increases. |If the field becones strong enough, it can give rise
to SoO-] 7 I £ i ] ignificant. pr.oblemwth
I b R A S S S i A S
unaccep r.for e degradation j.n n-type . transistor devices built

W th connon et e RPuPr BuDr sy L peERaninclor ehgtre SaYees Ges t han
0.5 mcrons. A preferred nethod of overcomng this problemis to provide
IightlyjﬁBﬁﬁ&ﬁgﬁﬁiﬁﬁt%@tﬁ§“P@@P@ns within the substrate relative to the
channel region in advance of the source and drain regions. The LDD regions
are provided to be lsdieeffenttrdosstovelaynddpethy (i ce gatelvasths) eageRtagtd on)
than the source and drain regions. This facilitates sharing of the voltage

drop byso-tdiied dhai thanneltdficebagnelo, bedsme PRASEM ofyOsisNBc st 38 Kq YAl Lk agR;dr op at
t he channel occurring in non- LDD n-type transistors. The LDD regl ons

absorb s £l ohequlihagecdl ARMRALEM AL oM ik DB take these effects into account

so that optimum device performance could continue to be obtained. For example, as device
dimensions are reduced and the supply voltage remains constant, the lateral electric field
generated within the substrate increases. If the field becomes strong enough, it can give rise to
sp—called hot-carrier effects. This becomes a significant problem with channei ]engtﬁs smaller
than 0.5 microns. Hot-carrier effects cause unacceptable perforinance degradation in n-type

transistor devices built with convéntional drain structures if their channel lengths are less than

0.5 microns.

A preferred method of overcoming this problem is to provide lightly doped
drain (LDD) regions within the substrate relative to the channel region in advance of the source |
and drain regions. The LDD reggion:}_ege provided to be fighter conductively .doped (1.e., less
concentration) than the source and drain. regions. This facilitates sharing of the voltage drop by
the drain in the channel, as opposed to the stark voltage drop at the channel occurring in non-

LDD n-type transistors. The LDD regions absorb some of the voltage drop potential into the

drain, thus effectively eliminating hot carrier effects. As a result, the stability of the device is

increase_d_




drain, thus effectively elimnating hot carrier effects. As a result, the
stability of the device is increased. 2 8 June 2005 However, further
shrinking of the gate width (i.e., shorter channel |ength) makes the LDD
region of a conventional transistor |less effective. For exanple?8 &he2bes
channel Ilengths require the LDD length to be reduced to ensure sufficient
sem conductive material between the diffusion regions to prevent

-conduct ance when the gate voltage is off. One way of attending to such
problens is to displace the predom nant portion of the source and drain
regions outwardly away fromthe substrate by el evating them For exanple,
athin (e.g., 200-nnm) epitaxial layer of nonocrystalline silicon can be
selectively grown from an exposed nonocrystalline source and drain

substrate areas wi t fiioweaer, épther eiatilong ofxhd g Quitdade Wittdier shbigbeak] y hi gh
conductivity doping to effectlvely provi de source and drain reglons The

| i ght eI’mal{i@ﬁ)lﬁﬁL[DDDegl@ﬁlo@ﬁ%oﬁ@éﬂltlgﬁal REAVEL sV ekl t e§%‘:9 of c diately
bel ow t he el evated source drain. Thus, a channe C|en P%ngth

is eff [ t Ller w The i npor.t ance of

overcoggﬁngﬁﬁuegﬁﬁgﬂgg @F&ﬁg%@@xﬁgﬁgﬁmg%%v me‘“ggbqﬁgﬁgéﬁlggﬁﬁﬂe

extenS|v$ chg gl glcal developnent djrected to the subject, as docunented
t he’ T EFAVER fﬁ {UHESIQRG QA REKH catauciapes when e stive dbipesissrt 4ing way of
apparently more relevant technical developnents in the patent literature
can be dicBdngdo Bychasakleme s gliwGos tBomredds rRnigdrion bithe source and drain regions

outwardly away irom the substrate by elevating them. For example, a thin {e.g.. 200-nm)
ep1tax1a[ layer of monocrystaltline silicon can be selectively grown from an exposed
monocrystalline source and drain substrate areas within an epi reactor, and provided with
sufficiently high conductivity doping to eﬁectiyeiy provide source and drain regions. The lighter
doped LDD regions can be provided within the substrate immediately below the elevated source

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

gate.

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

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

shows a FET with elevated S/D.
US 5,683,924(Chan et al. ) shows a raised S/D process.
US 5,422,289(Pierce) shows another raised poly S/D process.

US 6,015,727(Wanlass) teaches a damascene S/D process.

LFR)




shows a FET with elevated S/D. US 5,683,924(Chan et al. ) shows a raised
S/'D process. US 5, 422,289(Pierce) shows another raised poly S/ D process.

US 6, 015, 727(Wanl ass) teaches a damascene S/ D process. 8 June 2005 Sunmary
of the Invention It is an object of the present invention to prd@sude 2805
nmet hod for fabricating an elevated source / drain (S/D). It is an object
of the present invention to provide a nethod for fabricating an elevated
source / drain (S/D) on a staircase shaped insulating layer. To acconplish
the above objectives, the present invention provides a nmethod for
fabricating a el evated source / drain (S/D) on a staircase shaped _
insulating |ayer. The invention has two preferred embodinents. The first
preferred enbodi nent can be described as follows. A gate structure is
formed over a substrate. The dafemaiy bfieRvisid ef erably conprised of a
gate dielectric layer, gate electrode, first spacers, and hard mask. A
first insulating layer is formed over the substrate and the gate
structure. A resistits3eebipd of ghamsgschhiivagicmogpening metexd fohfabgadteng an
structure and over a |ateral area adjacent to the gate structure. W etch
t he i nsifivatelinguicaydraint ¢¥Bugh the opening in the resist layer The etching
renoves a first thickness of the insulating layer to forma source / drain
(S/'D) opening. We renpve the first spacers and hardnask to forma source /
drain (S/ D)

It is an object of the present invention to provide a method for fabricating an

elevated source / drain (S/D) on a staircase shaped insulating layer.

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

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

invention has two preferred embodiments.

The first preferred embodiment can be descrébed as follows. A gate structure
is formed over a substrate. The galte structure is preferably comprised of a gate diclectric layer,
gate electrode, first spacers, and hard mask. A first insulating layer is formed over the substrate

~ and the gate structure. A resist layer is formed having an opening over the gate structure and
over a lateral area adjacent to the gate structure. We etch the insulating layer through the opening
in the resist layer. The etchir:lg removes a first thickness of the insulating layer tro form a source /
drain (S/D) opening. We rémove the first spacers and hardmask to form a source / drain (5/D)
contact opening. We implant ions into the substrate through the source / drain (S/D) contact
opening to form lightly doped drain regions. We form second spacers on the sidewalls of the
gate electrode and the gate dielectric and on the sidewalls of the insulating layer in the source /
drain (S/D) contact opening and the source / drain (S/D) opening. A conductive layer 1s

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




“contact opening. W inplant ions into the substrate through the source /
drain (S/D) contact opening to formlightly doped drain regions. W form
second spacers on the sidewalls of the gate electrode and the gate
dielectric and on the sidewalls of the insulating |ayer in the $olynegdds
drain (S/D) contact opening and the source /drain (S/ D) opening. A
conductive layer is deposited over the gate el ectrode, the insulating
| ayer. The conductive |ayer is planarized to 4 8 June 2005 exposed the
insulating layer to formelevated source / drain (S/D) blocks on a
staircase shape insulating |layer. The second preferred enbodi nent is
described as follows. An insulating |layer having a staircase shaped
opening is-formed over the substrate. The staircase shaped opening
conpr i s&@ostd the pwkting e togfoamdleanted ppate PRI (8ID) Moxks ofs §alr&sdisgl et ric
| ayer and gate electrode |ayer are fornmed over the substrate filling the a
st ai r caseulsti@pigeropeni ng. W pattern the gate dielectric |layer and gate
el ectrode layer to forma gate dielectric and gate el ectrode. Then ions
are inplanted into the substrate through said staircase opening to form LDD
regions 128. Gate spacers are forned on the sidewalls of the gate
el ectrode and insulating | ayer spacers on the sidewalls of the insulating
| ayer in the stairc ed opening .. W formel evated source / drain
(S/'D) blocks in the@?&?&%@ ée§ﬁ5%5@9%$@ﬁrh1@ d.esqr@ﬁ agidlopwpfamsetitioatayer he
el evate avi{é’gr ce/ drain %S/D bl ocks to dope the el evated source / drain
(S/D) blOEKs® SETIsE shpper Qgruhe Isdpemed orerihs whstrate Tt aisride Hhecebpunted
source / draig S/ D) bl ocks.

comprised of a lower opening and an upper opening. Next, A gate dielectric layer and gate

electrode layer are formed over the substrate filling the a staircase shaped opening. We pattern
the gate dielectric layer and gate electrode layer to form a gate dielectric and gate electrode.
Then ions are implanted into the substrate throu gh said staircase opening to form LDD regions
128, Gate spacers. are formed on the sidewalls of the gate electrode and insulating layer spacers
on the sidewalls of the insulating tayer in the staircase shaped opening . We form clevated
source / drain (S/D) blocks in the.z staircase shaped opening . Ions are implanted into the elevated
source / drain (S/D) blocks to dope the elevated source / drain (S/D) blocks. Silicide regions are

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

The invention has many advantages over the conventional method to form
Source /drains. The invention reduces parasitic junction capacitance. 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 jearned by practice 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.




The invention has many advant ages over the conventional nmethod to form
Source /drains. The invention reduces parasitic junction capacitance.

Addi ti onal objects and advantages of the invention will be set forth in
the description that follows, and in part will be obvious from8due 2005
description, or may be | earned by practice of the invention. The objects
and advantages of the invention nay be realized and obtai ned by neans of
instrumentalities and conbinations particularly pointed out in the append
clainms. 5 8 June 2005 Brief Description of the Drawi ngs The features and
advant ages of a sem conductor device according to the present invention
and further details of a process of fabricating such a sem conductor device
in accordance with the present invention will be nore clearly understood
fromthe following description taken in conjunction with the acconpanying
drawings in which Iike reference nunerals designate simlar or

correspondi ng el enents, regions and portions and in which: Figures |
through 8 are cross secti onBrief Devwifftom oflthedraaingrg a first preferred
enbodi ment of a nethod for formng elevated source / drain (S/D) regions in
a staircase shaped TP?E%L 19 n.an i nsul ?tl ng. l ayer. Figures 9 through 13
are cross secti onal oY I‘"ﬁgf‘$eétc’i AGCR OBEsRS depiespesaréagdoiodi ment
of a nethod for r} el evated source / drain (S/D) regions in a

stair c£§%se§%‘§ﬁ%‘°5'ﬁ’€ﬁ &@hqr fetails pha prosessitg fabaigeting such’a semiconductor device in

accordance with the present invention will be more clearly understood from the following
description taken in conjunction with the accompanying drawings in which like reference

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

Figures 1 through 8 are cross sectional views for illustrating a first preferred

embodiment of a method for forming elevated source / drain (S/D} regions in a staircase shaped

opening in an insulating layer,

Figures 9 through 13 are cross sectional views for illustrating a second
_preferred embodiment of a method for forming elevated source / drain (S/D) regioﬁs ina

staircase shaped opening in an insulating layer.




'6 8 June 2005 ™Detailed Description of the Preferred Enbodi nents A First
Enbodi ment The first enbodi nent of the invention is shown in FIGS | to 8.
As shown in FIG | gate structure is forned over a substrate. The gate
structure is preferably conprised of a gate dielectric |ayer 1438 {4ae&005

el ectrode 16, first spacers 24, and hard mask 18. The first spacers 24 and
the hard mask 18 are conprised of silicon nitride or silicon oxynitride.
The first spacers 24 preferably have a thickness of between about 2000 and
4000 A. Silicon nitride is preferred for easier renoval by Hot Phosphoric
acid. As shown in FIG 1, we forma first insulating |ayer 28 over the
substrate 10. Preferably, the first insulating |ayer 28 is fornmed over the
substrate 10 and gate structure. Then, the first insulating layer 28 is

cheni cal - mechani cal - pol i Bbt:{iehBesérdptish GO Rfer W Brbich@f O the gate
structure. The first insulating |layer 28 is preferably conprised of oxide,

or other low K materials with Kless than 3.0 (e.g., Fluorine silicate

gl ass (FSG, rst |nsulat|ng | ayer 28 preferably has a
t hi ckness of‘getméQHQZQBhP diment and 4000 A As shown in FIG 2, we forma

"resist layer 32 having an opening 36 over the gate structure 20 and over a

l'ateral area adj acenThd frst f&:ﬁlb@dﬁ&@bfﬂh@‘iw&tlgﬁts S'P‘éwﬁ RO 0 FCG 3, a first
thlckness 42 of the insulating |ayer 28 is etched

As shown in FIG 1 gate structure is formed over a substrate. The gate

structure is preferably comprised of a gate dielectric layer 14, gate electrode 16, first spacers 24,

‘and hard mask 18.

The first spacers 24 and the hard mask 18 are comprised of si]icoﬁ nitride or

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

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

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

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

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

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

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

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

The resist layer.is removed.




t hrough the opening 36 and to forma source / drain (S/ D) opening 40. The
first ‘thickness 42 of the insulating layer that is renoved is preferably
bet ween 500 and 1000 A. The resist layer.is renoved. 7 8 June 2005 1In an
optional step, a blanket etch back (e.g., optional oxide etch bdckns28@§ is
performed to reduce the thickness of the first insulating [ayer 28. As
shown in FIG 3, the thickness 44 is preferably between 500 and 3000 A and
thickness 42 is preferably between 500 and 1000 A and the total thickness
of layer 28 (44 plus 42) is preferably between 2000 and 4000 A. As shown
in FIG 4, we renove the first spacers 24 and hardnmask 18 to forma source
/[ drain. (S/D) contact opening 50. Preferably the insul ati;g | ayer 24 has a

thi ckness of bet welrmnaiptenal 1500 binkiet 280 badk (e asorfivonhvxids elch 8ads stapkisi npl ant
ions int b e 0 ain (S/D) contact opening
50 to fo er% %‘5%#11’3&“ Sk dﬁﬁ;&r%%'sgo'}rtﬁee@?r%tr@s gklger 8own in FIG6, we form
second spacers 54 56 58 on the S|demalls of the gate electrode 16 and the

te dielect 14 .t II fth t 8 th
dource | drain (S Df- SERER b e B tRet St e o Sy

openi ng &@dmaéaaz@@e@admyaém@moéﬂdﬁ@o&&nart&tafae{}ﬁka&wﬂsmgmgmf silicon

oxide or silicon nitride and greferably have a thickness of between about
500 and 43)drprgferably between 2000 and 4000 A

As shown in FIG 4, we remove the first spacers 24 and hardmask 18 to form a
source / drain (5/D) contact opening 50. Preferably the insulating layer 24 has a thickness of
between about 1500 and 2000 A.

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

drain (5/D) contact opening 50 to form lightly doped drain regions 53.

As shown in FIG 6, we form second spacers 54 56 58 on the sidewalls of the
gate electrode 16 and the gate dielectric 14 and on the sidewalls of the insulating layer 28 in the
source [ drain (5/D) contact opening 50 and the source / drain (S5/D) opening 40. The second
spacers 54 56 58 are preferably comprise of silicon oxide or silicon nitride and preferably have a

thickness of between about 500 and 1000 A.

As shown in FIG 7, a conductive layer 60 is deposited over the gate electrode
16, the insulating layer 28. The conductive layer is comprised of n-doped polysilicon and has a
thickness of between about 2500 and 3500 A. Alternately, an undoped poly is deposited and

the ions are implanted to dope the poly.
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As shown in FIG 7, a conductive layer 60 is deposited over the gate

el ectrode 16, the insulating |layer 28. The conductive layer is conprised
of n-doped polysilicon and has a thickness of between about 2500 and 3500
A. Al'ternately, an undoped poly is deposited and the ions are i&qinazoes to
dope the poly. 8 8 June 2005 As shown in FIG 8, we planarize the
conductive | ayer to exposed the insulating |layer 28 to form el evated source
/ drain (S/D) blocks 62 on a staircase shape insulating |ayer 28. The

pl anari zation is preferably a chem cal - mechani cal polish (CMP) process.
The first enbodi ment provides the benefits of a highly manufacturable

el evated source / drain (S/D%h rocess. The staircase shaped opening is used
t.o defl ne the poly AgdgmyednF ecPIWéZiWQ@HGFNGéMI)ﬂtO'FNEOSS@ﬁIﬁce / drain

(SID) T cql 00, @08:d OLTBL A 48R PLbEr) LISH SLI NG BUeL, 28 10 the

openi ng tructure rOVI unchthru nmargrn for short
channel deuhﬁgﬁmwﬁzsSH@qmﬂmﬂﬂhmHEWEﬁhamhac&eﬁﬁmdmﬁhhﬁﬁlﬁﬂﬁh«nﬂPﬁhe
invention is shown in FIGS 9 to 13. As shown in FIG 9, an insulating |ayer
114 havi R{f“&5st ai rcase shaped opening 116 118 is forned over the structure
10. The staircase shaped opening 116 118 conprised of a |ower opening 116

and an upper opening 118. The staircase shaped opening 116 118 can be
The first embodiment provides the benefits of a highly manufacturable

elevated source / drain (5/D) process. The staircase shaped opening is used to define the poly
connections to the LDD (shalloW). The source / drain (5/D) regions 62 are formed on top of the

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

B. Second embodiment

The second embodiment of the invention is shown in FIGS 9 to 13.

As shown in FIG 9, an insulating layer 114 Eaving a staircase shaped opening
116 118 is formed over the structure 10. The staircase shaped opening 116 118 comprised of a
lower opening 116 and an upper opening 118. The staircase shaped opening 116 118 can be
formed by many different processes as known by those skilled in the art. The staircase shaped
opening 116 118 can be defined by any the methods used to define a dual damascene shaped

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

' The insulationg layer has first thickness 116A between 1000 to 1500 A, second thickness 118A

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




formed by many different processes as known by those skilled in the art.
The staircase shaped opening 116 118 can be defined by any the nethods
used to define a dual damascene shaped opening, including 2 photoresist
step processes, and 1 photoresist |ayer/etch processes. The insu.bine@AgH

| ayer has first thickness 116A between 1000 to 1500 A, second thickness
118A between 500 and 1000 A and a overall thickness 114A (116 A and 118A)
of between 1500 and 2000 A. 9 8 June 2005 Next, we forma gate dielectric
| ayer and gate el ectrode | ayer over the substrate 10 filling thew staircase
shaped opening 116 118. The gate dielectric layer is preferably conprised
of oxide. As shown in FIG 10, we pattern the gate dielectric |ayer and gate
electrode layer to forma gate dielectric 122 and gate el ectrode 126. The

gate dielectric |ay o |.ayer can be tterned by
convent i onal Iithog?ggﬁﬁga%@%?éfgéﬁg%ggﬂgﬁﬁﬁ%m%ﬁﬁﬁFE?ﬁ%ggﬁﬂﬂé“ﬁﬁ%minplanted

into t t A0 through the opening 116 and the gate to form LDD

r egi onts.'&J E%&gmgﬁ?"w@efﬁ 3{;&%0%%3%3%‘3569?@?@%%86]3)%- Theesads delRairicdayst it he gat e
el ectrode.1 .16 and insulating |ayer spacers 132 1.34 on the sidewalls of
t he insﬂ?§¥?%§c?ﬁyﬁﬁdfﬁ@xﬁﬁ-the staircase shaped opening 116 118. The

. spacers are forned by formng a blank | aver and anisotropically etching

?ng El?jn;?te layer. Thengahen FR3G6 Re %%Perr? nd éa?eedilalggtl#ilc%yielogn(l g%g%legggc?eer S

layer to form a gate dielectric 122 and gate electrode 126. The gate dielectric layer and gate

electrode layer can be patterned by conventional hithographic processes.

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

opening 116 and the gate to form LDD regioné 128.

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

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

| preferably comprised of oxide.

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

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

114,

10




preferably conprised of oxide. As shown in"FIG 12, we form el evated source
/ drain (S/D) blocks 140 in the staircase shaped opening 116 118. The

el evated source / drain (S/D) blocks 140 are formed in the staircase
shaped opening 116 118 by: (a) depositing a polysilicon |ayer owelnt2805
substrate and (b) chem cal - mechani cal polishing (CM?) the polysilicon

| ayer down to the insulating layer 114. 10 8 June 2005 1In an optional
step, we inplant ions into the el evated source / drain (S/D) blocks 140 to
dope the el evated source/ drain (S/D) blocks 140. O herw se, the
polysilicon layer could be in-situ doped at deposition tinme. As shown in
FIG 13, we formsilicide regions 144 146 on the gate 126 and the el evated
source / drain (S/D) blocks 140. The second enbodi nent provi de benefits of

a highl'y manuf act ur dblae oplievated, weauplast bndindd fhc(e@v@ed@ﬁ@r%@?ﬁl ainl %
staircase shaped opening is used to define the poly connectlons o the LDD

(shal | oocknthct laeidheMd @Siasdd s\éhltdé/%?ih £/ b([ia%g%]%bs éﬁh‘ér%e th%p? H;@E&f ase

the detail ed description, it should be no used i

speci fi galijep;a ﬂn&ﬁ%d%Ppgﬂg?%n%%%:”B the singular fornms "a", "an", and

"the" include p ura nts, "Unl ess the context cl early dictates
ot herwi se. Specific term nology of particular inportance to the

description of the phesenin hNENGI 0k fbsn 48LiBLELIBA OW 146 on the vate 126 and the

elevated source / drain (S/D) blocks 140.

The second embodiment provide benefits of a highly manufacturable elevated
source / drain (8/D) process. The staircase shaped opening is used to define the poly connections

to the LDD (shallow) and the low resistivity sﬁlicide regions144 146.

As a preface to the detailed description, it should be noted that, as used in this

specification and the appended claims, the singular forms "a", "an", and "the" include plural
referents, uniess the context clearly d:ctates otherwise. Specific terminology of particular

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

Within the present invention, the substrate may be a substrate employed
within a microelectronics fabiication selected from the group including but not limited to
integrated circuit microelectronics fabrications, solar cell microelectronics fabrications, ceramic
substrate microelectronics fabrications, optoelectronics device fa.brication and flat panel display
microelectronics fabrications. Although not specifically illustrated within the schematic cross-

- sectional diagram of Fig, 1, the substrate 10 may be the substrate itself empioyed within the
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Wthin the present invention, the substrate may be a substrate enpl oyed
within a mcroelectronics fabrication selected fromthe group including but
not limted to integrated circuit mcroel ectronics fabrications, solar
cell mcroelectronics fabrications, ceramc substrate m croel e®JupBi?085
fabrications, optoelectronics device fabrication and flat panel display

m croel ectronics fabrications. Al though not specifically illustrated within
the schematic cross- sectional diagramof Fig. 1, the substrate 10 nay be
the substrate itself enployed within the 11 8 June 2005 m croel ectronics.
fabrication, or in the alternative, the substrate nay be the substrate
enployed wthin tile mcroelectronics fabrication, where the substrate has
formed thereupon or thereover any of several additional mcroelectronics

| ayers miredlect@@N4eBrianah lof 1Rl Ry ed: v Lroni cs
fabrication, Such additional inlcfbelegtrgﬂéﬁghﬁﬁeggg%eQQLQI g &Py ar e

t | t | ect
e S R T R WO W

t he subj ect. invention, etchi refers to chemcally eating away a materi al
to for n%‘ 3’ cheg‘i'err%]aadﬂﬁlci“@fiﬁ’Cr%’g’?céﬁ’icééqyﬁrsétsé‘ﬁ‘? ey veri@rly empidyed wgthimfheet chi ng
to renove electeg‘portlons of one material fromanother in a

senicon@ﬂ%? Feremi i dpbrrgtiongiush pildionad yigrocisctronidelagers maysfignde, that ame et ch
havi ng a Qﬁ$her etch rate for oxide than for nitride; the selectivity
rati o ofm 6hﬂvﬁ@ﬁbaﬁ@m6$MQdu@baMyM&1etahkmaba&s@&nkbﬁhﬁﬁﬁpﬁﬁﬁéMﬁi
materials. Silicon, as used in this application, includes polysilicon

( pol ycr pstra¢lbdtrmics dielectric layers,

As used in the subject invention, etching refers to chemically eating away a
material to form a desired pattern. Selectively etching refers to the use of etching to remove
selected portions of one material from another in a semiconductor structure. Sclective
oxide:nitride etch refers to an etch having a higher etch rate for 'oxidé than for nitride; the

selectivity ratio of which indicates the relative etch rates of the respective materials.

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

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

CVD refers to chemical vz»ipor deposition. LPCVD referé; to low pressure

chemical vapor deposition. fon implantation refers to the imp]antétion of ions, for example, for
- doping a semiconductor substrate. Salicidation means formation of self-aligned silicide.

Oxide as used in the subject invention refers to silicon oxides and nitride as
used herein refers to silicon nitride. The oxide may be doped or undoped, such as PSG (phospho-
silicate glass) or BPSG (Boron doped PSG). An insulation layer or insulator layer refers to a
layer ha.ving a high resistivity, which does not conduct clectricity. It may act as a sodium l;.)arrier.
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silicon), anorphous silicon (non-crystalline silicon), nonocrystalline
silicon and silicon/germaniummaterials. Such silicon may be n- or

p- doped, or undoped. CVD refers to chem cal vapor deposition. LPCVD refers
to | ow pressure chem cal vapor deposition. lon inplantation reféeset200d he
i npl antation of ions, for exanple, for doping a sem conductor substrate.
Salicidation neans formation of self aligned silicide. Oxide as used in the
subj ect invention refers to silicon oxides and nitride as wused herein
refers to silicon nitride. The oxide may be doped or undoped, such as PSG
(phospho- silicate glass) or BPSG (Boron doped PSG . An insulation |ayer or
insul ator |ayer refers to a |layer having a high resistivity, which does
not conduct electricity. It nmay act as a sodiumbarrier. 12 8 June 2005 1In
t he above description nunerous specific details are set forth such as flow
rates, pressure settings, thicknesses, etc., in order to provide a nore

t horough understandi ng of the present invention. it will be obvious,
however, to one ski I'P &t dabave Resception manerphespridseaitails hrevenfdrOnuamys Dew
practiced without these details. In other instances, well known process
have nwteshpessudestnigiedickneded, aid., ih Brdef defrol@e AGhord MRS QS VarQRRGYT ©
the present invention. Also, the flowrates in the specification can be

scal ed tip pegseatawrerkiegpingiltheobsan®, KRLaEr %8 Qhe LA OS: moaat
difference sized reactors as i s Qnomn tontho§% sQ#ﬁﬁé%Q?ﬁﬁ%ﬁg}ayg%mgnless

explicifl | F M 14 galgval ue and range shoul d be
in?erpr%t§ﬁ§g§£ﬁg?§%a§$%$éﬁpﬁgﬁgagg&g?Etﬁgo%gfﬂéanﬁtWgﬁkggﬁPB%Fﬁﬁﬁ@W9

receded,.t | f . -
p got ALS Y&cHBedh detail in order to not unnecessarily obscure the present invention. Also, the
flow rates in the specification can be scaled up or down keeping the same molar % or ratios to

accommodate difference sized reactors as is known to those skilled in the art.

Unless explicitly stated otheiwise, each numerical vaiue and range should be

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

the 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, Itis intended to cover various modifications and similar arrangements and

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

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

procedures.




the value or range. Wiile the invention has been particularly shown and
described with reference to the preferred enbodinents thereof, it wll be
understood by those skilled in the art that various changes in form and
details may be made w thout departing fromthe spirit and scope sfunklreos
invention. It is intended to cover various nodifications and simlar
arrangenents and procedures, and the scope of the appended cl ai ns

t herefore should be accorded the broadest interpretation so as to
enconpass all such nodifications and simlar arrangenents and procedures.
|; 8 June 2005 What is clained is: 14 --- - ------- - -- 8 June 2005 1. A
nmet hod of fabrication of an elevated Self-Aligned Source / Drain CMOS
device on a staircase shaped insulating |ayer; conprising the steps of: a)
for m ngwvgatie chthaicisur e over a substrate; said gate structure conprised of a
gate - dielectric layer, gate electrode, first spacers, and hard mask; b)
formng a first insulating |ayer over said substrate; c¢c) formng a resist

| ayer having an opening over said gate structure and over a
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| ateral area adjacent to said gate structure; said opening is over at |east
all of said gate structure; said resist layer is not over said gate
structure; d) etching said first insulating |ayer through said opening in
said resist |layer; the etching renoving a first thickness of sa& dinkiopsd
insulating layer to forma source / drain (S/ D) opening; said source/drain
contact open defined by said gate and said first insulating |ayer; e)
removing said first spacers and said hardmask to forma source / drain
(S/D) contact opening; f) inplanting ions into said substrate through said
source / drain (S/D) contact opening to formlightly doped drain regions;
g) form ng second spacers on the sidewalls of said gate electrode and said
gate di el ect Aintetiuithf Gibricdtionsf stedalatesl Self-Adigheti Jourcel Drahs UMAISI degict @y£r i n
said source / drain (S/D) contact opening and said source / drain (S/D)
openi ng; S¥Bcage shahed IppRfng YeHé?iBE‘i‘St“?%fg “Rdtrduct i ve | ayer over said gate

el ectrode, said first insulating layer; and i) planarizing said conductive
| ayer to exposed said first insulating layer to form elevated source /
drain (S/ D) bhklocksfooning ggkatru@asewghaspbshiat%wﬁégdtmgrdcaxy@mmpziﬁedrﬁ@ga’@t hod of

claim1 wherein Sat':hgleztlré ayer, ga%e glec%rogg glrs% gjlaag:ergaé.lt‘lg hgr%Sn%asE;r e conprised of

b) forming a first insulating layer over said substrate;

c) forming a resist layer having an opening over said gate structure and over a
lateral area adjacent to said gate structure; said opening is over at least all of

said gate structure; said resist layer is not over said gate structure;

d) etching said first insulating layer through said opening in said resist layer; the
etching removing a first thickness of said first insulating layer to form a source /
drain (S/D) opening; said source/drain contact open defined by said gate and

said first insulating layer;

e) removing said first spacers and said hardmask to form a source / drain (5/D)

contact opening;

f) implanting ions into said substrate through said source / drain (5/D) contact

opening to form lightly doped drain regions;
£) forming second spacers on the sidewalls of said gate electrode and said gate

dielectric and on the sidewalls of said first insulating layer in said source / drain

(S/D) contact opening and said source / drain (S5/D) opening;
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silicon nitride. 3. The nethod of claim1 wherein said first insulating

| ayer is conprised of oxide. 4. The nethod of claim1 wherein said first
insulating |ayer has a thickness of between about 2000 and 4000 A. 5. The
met hod of claim1 wherein said first insulating |ayer is fornmed8iuwee 28 d
substrate and gate structure and said first insulating |layer is

chem cal - nechani cal polished to be coplanar wth the top of said gate
structure to expose the top of said gate structure. 6. The nmethod of claim
1 wherein said first thickness of said insulating |ayer is between 500 and
1000 A. 7. The nmethod of claim1l wherein said second spacers are conprised
of silicon oxide and have a thickness of between about 500 and 1000 A. 8.
The net hod. of hicl ai dfﬁpﬂzsiﬂﬂfﬁ’@inﬁucsﬁaéﬁlymdiﬂaidga@dlﬁy‘edq paid fmprsidetag of n- doped
pol ysilicon and h i ckness of between about 2500 and 3500 A 16 8 June
2005 9. A nethod er’f rication of an elevated Self-Aligned Source / Drain
‘CMOS device on a staircase shaped insulating |ayer; conprising the steps
of: a) form ng gate structure over a substrate; said gate structure
conprised of B gatpanaizgeait conducanedayer pepposedl eaid firsimsulptingdeayes ffeem s,  and

hard mask; (1) sai dofoldatbuSPPGshts B odRloH oAk IR ALG AR Sed O

2. The method of claim 1 wherein said first spacers and said hard mask are comprised of
silicon nitride.

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

4. The method of claim 1 wherein said first insulating layer has a thickness of between
about 2000 and 4000 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 polished to be coplanar

with the top of said gate structure to expose 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
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b) formng a first insulating |layer over said substrate; (1) said first
insulating layer is conprised of oxide, or a dielectric material with a
dielectric constant less than 3.0; said first insulating |layer has a

t hi ckness of between about 2000 and 4000 A (2) said first insulgauhagotzayer
is formed over said substrate and gate structure and said first insulating
| ayer i s chem cal - nechani cal polished to be coplanar with the top of said
gate structure to expose the top of said gate structure; c) formng a

resi st |ayer having an opening over said gate structure and over a |ateral
area adjacent to said gate structure; said opening is over at |east all of
said gate structure; said resist layer is not over said gate structure; d)
et ching sai d Ainicsitodi of fabtigdtion gf draj@mtet Self-alipned Spotte ¢ Brain M@ISRIe(i& &)a openi ng;
the etching exposing the top of said gate structure; (1) said first

t hi cknes &aigfassshpppdripdating laygy é‘fml?fﬁ’ulgéb"e?teH? ‘bet ween 500 and 1000 A; e)
renmoving said first spacers and said hardmask to forma source / drain
(S/'D) contact opening; f) inplanting ions into said substrate through said
source / drai# (S/ mioggitastuchopeviragulpstrafepsaim gat&ﬁmtutlgar@@p@@ﬁswcélargaﬁeegl ons;

17 8 June 2005 dielectric layer; gate electrode, first spacers, and hard mask;

(1) said first spacers and said hard mask are comprised of silicon nitride.

b) forming a first insulating layer over said substrate;

(1) said first insulating layer is comprised of oxide, or a dielectric material with
a dielectric constant less than 3.0; said first insulating layer has a thickness
of between about 2000 and 4000 A

(2) said first insulating layer is formed over said substrate and gate structure
and said first insulating layer is chemical-mechanical polished to be
coplanar with the fop of said gate structure to expose the top of said gate
structure;

c) .forming a resist layer having an opening over said gate structure and over a
lateral area adjacent to said gate structure; said opening is over at least all of
said gate structure; said resist layer is not over said gate structure;

d} etching said first insulating layer to form a source / drain (S5/D) opening; the

etching exposing the top of said gate structure;

(1) said first thickness of said first insulating layer is between 500 and 1000 A;
e) removing said first spacers and said hardmask to form a source / drain (5/D)
contact opening;
) implanting ions info said substrate through said source / drain (5/D) contact

opening to form lightly doped drain regions;
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g) form ng second spacers on the sidewalls of said gate el ectrode and said
gate dielectric and on the sidewalls of said first insulating |layer in said
source / drain (S/D) contact opening and said source / drain (S/D)
openi ng; (1) said second spacers are conprised of silicon oxide gangdehoys a
t hi ckness of between about 500 and 1000 A; h) depositing a conductive
| ayer over said gate electrode; and said insulating layer; (1) said
conductive layer is conprised of n-doped polysilicon and has a thickness
of between about 2500 and 3500 A; i) planarizing said conductive |ayer to
exposed said first insulating layer to form elevated source / drain (S/ D)
bl ocks on a staircase shape insulating |ayer. 18

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

dielectric and on the sidewalls of said first insulating layer in said source / drain

(5/D) contact opening and said source / drain (5/D) opening;

(1) said second spacers are comprised of silicon oxide and have a thickness of
between about 500 and 1000 A;

h) depositing a conductive layer over said gate electrode; and said insulating layer;

(1) said conductive layer is comprised of n-doped polysilicon and has a
thickness of between about 2500 and 3500 A;
i) planarizing said conductive layer to exposed said first insulating layer to form

" elevated source / drain (5/D) blocks on a staircase shape insulating layer.
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