1 9JANZUDiIi 15 METHOD FOR FORM NG L- SHAPED SPACERS W TH PRECI SE W DTH
CONTROL 10 Background of Invention 1) Field of the Invention 15 The
preferred embodi ments of the invention relate generally tosfabgjcation of
seni conduct or devices and nore particularly to the fabrit¢ation of a device
wi th sidewal | spacers and nore particularly to a nethod for formng
sidewal | spacers for a gate structure. 2) Description of the Prior Art 20
As the physical geonetry of sem conductors continues to shrink, the space
bet ween gate el ectrodes shrinks as well. As design rules shrink, it is
inmportant to reduce the size of the elenments for transistors. 2 One
approach whi ch has been used to solve this problemis the use of spacers on
“the gate el ectrode sidewalls which are smaller at the top than they are at
the bottom such as L-shaped spacers. In a typical L-shaped spacer two
dielectric layers (the first conposed of silicon nitride and the second
conposed of silicon oxide) are fornmed over and around a gate

5

METHOD FOR FORMING L-SHAPED SPACERS WITH PRECISE WIDTH

CONTROL

10

Background of Invention
1) Field of the Invention
15 The preferred embodiments of the invention relate generally to fabrication of
semiconductor devices and more particularly to the fabrication of a device with sidewall

spacers and more particularly to a method for forming sidewall spacers for a gate structure.

2) Description of the Prior Art

20

As the physical geometry of semiconductors continues to shrink, the space
between gate electrodes shrinks as well. As design rules shrink, it is important to reduce the

size of the elements for transistors.




S el éctrode, then anisotropically etched. However, the top oxide portion of
the spacer can not be easily renoved without damagi ng oxi de isol ation .
“structures. Conversely, if the top oxide portion of the spaceryrepmmins, it

can be affected by post-etch wet chemical process causing inconsistent
spacer shape and size across the IC and between I Cs. Furthernore, furnace
based LPCVD Si®2 /SiN filmstacks ae forned at high tenperatures and are

relatively difficuldnd@pifich Wélﬂ%ﬁb@@?ﬁ%d‘é%%l@é thid B%bilcgﬁﬁgtég%g@oﬂ o

overcom ng the various deficiencies note ove 1I's” TevVi

L\ i e opnent .directed to the subject, as docunented
byt e ef s o By ok S R g 3 S e A Ses ks ey
15 hni cal devel opments in the patent literature can be
SF regnresgllcg)\ég@g%? %%ﬁ‘g‘st Ré WP}Pftﬁ&vvgh@ed peacentvy digscicdarro (bt Badaposedet
al.) sho a process for an L-shaped spacer. US 6, 294, 480b1(Pradeep et al.)
and usoféﬁsm,lﬁ@@ﬁ #ppibedeendeonattosyd sholiconattids) apr foress eserfaad asparer gate US
6, 277, 683b1(Pardeep et al.) reveals another process for an L-shaped 20

spdcer ¢ledi®de, BeBaG8@Mopicali@ckated) Hohews:, t1cRbe 62%Ie phAlontfdRt SradblAGlot be
| ayer. US 6,297,539b1(Ma et al.) discloses a gate dielectric |ayer

pr ocesaeily remhdebwidivGt dampndeEide b1ils s{rﬁt\ftﬁ%ts.i @&x)&selﬁ ifle ?(pﬂ §&he Of an
enbodi ment of the present 1nvention to provide a
portion of the spacer remains, it can be affected by post-etch wet chemical process causing
inconsistent spacer shape and size across the IC and between IC's. Furthermore, furnace based

LPCVD Si0; /SiN film stacks are formed at high temperatures and are refatively difficult to

10 conirol spacer widths.

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

15 technical developments in the patent literature can be gleaned by considering the following
patents. US 6,380,039B2(Badenes et al.) shows a process for an L-shaped spacer.

US 6,294,480b1(Pradeep et al.) and US 6,346,468b1(Pradeep et al.) show

other processes for spacers.

US 6,277,683b1(Pardeep et al.) reveals another process for an L-shaped

20 spacer.

US 6,348,386b1(Gilmer) shows a process for a gate dielectric layer.

US 6,297,539b1(Ma et al.)} discloses a gate dielectric layer processes.




met hod for fabricating spacers in a sem conductor device. 5 It is an object
. of an enbodi ment of the present invention to provide a method for
fabricating L-shaped spacers using atonic |ayer deposition Y AED) {processes
in a sem conductor device. An enbodi ment of the present invention provides
a nmethod of fabrication of 10 L-shaped spacers in a sem conductor device.
A gate structure is provided over a substrate. We forma first dielectric
| ayer over the gate dielectric |ayer3and the substrate. Next, a second
dielectric layer is formed over the first dielectric layer. Then, we forma
third dielectric |ayer over d.he seco g’r? ielectric layer. The third
"dielectric layer is anisot ro‘pé%ﬁ"ia{]y 8? VERUehr m a  di sposabl e 'spacer on
the second dielectrjc |ayer. The second dielectric layer and the first 15
dielectric |ayer ar[telséﬂPéGFtr‘bfrﬂ“c%mP%ﬂl@?@Hﬁthﬁﬁ@t ittvendors posrabide aspacer as
a mask to fogrma top and a bottom L-shaped spacer. The di sposabl e spacer
i s renB¥idad fqrfabricating spasersib edemisondyctohéevider st , second and third
dielectric layers are formed by atom c |ayer deposition (ALD). In
préferred enbodi nefitis an bhiecf ditstemiseans Ak Isreiern@irfizieﬁéiﬁ%f 'r8vi'd§>éer-s are
20 formed by atom c |ayer deposition (ALD) processes. The second and. third

di el eché¢thed for e ieati f ] : har.a¢teri stics .to that
the third di e?fe(ft r flgé Fa%géﬁc%ﬁgﬁgﬁgg %fﬁ{é}gﬂ}gz& éﬁeggﬁb\?{eﬁoy (%g‘[f)%o%eé%ﬁﬂa

di el ecsgﬁlii&m?@(}f devicd'f C-d<P 4 The enbodi ments preferably use atomc |ayer

deposition (ALD) processes to

An embodiment of the present invention provides a method of fabrication of
10 L-shaped spacers in a semiconductor device. A gate structure is provided over a substrate.
We form a first dielectric layer over the gate dielectric layer and the subs.t-rate. Next, a second
dielectric layer is formed over the first dielectric layer. Then, we form a third dielectric layer
over the seccond dielectric layer. The third dielectric layer is anisotropically etched to form a
disposable spacer on the second dielectric layer. The second dielectric layer and the first
15 dielectric layer are anisotropically etched using the disposable spacer as a mask to form a top
and a bottom L-shaped spacer. The disposable spacer is removed.
' In preferred embodiments, the first, second and third dielectric layers are
formed by atomic layer deposition (ALD).
In preferred embodiments, the first, second and third dielectric layers are
20 formed by atomic layer deposition (ALD) processes. The second and third dielectric layers
preferably have different etch characteristics to that the third dielectric layer can be etched

selectively to the second dielectric layer,




form spacers, as ALD processes can grow filns with precise thickness
control. This is an advantage because the width of the spacer will after
the source/drain extension series resistance and hence the idgi ye: current.
5 Additional objects and advantages of the invention will be set forth in
the description that follows, and in part will be obvious fromthe
description, or may be | earned by 4practice of the invention. The objects

and advant ages of i j ealized an opt aj by neans of
instrunentalities gﬁgegﬁﬁgﬁﬁggﬁ%ﬁg%%ng%% PR Y%&%ﬁ?%QO%hgfﬁhp REssehivend
claing; 5 Brief ggﬁgrkption of the_ Draw ngs The features and advantages of
a seni CONAUEEEr AG&Vite BIUEEEs Bihgrovotintiewith presisn thickneaneqndiel-atds B@nt her
details of’ a process of fabricating such a sem conductor device in 5
accor FraHags basarssdhy radib f therppaerrivgH afiir thelseuneoidenic belandign smige raistodef r om
the followi ng description taken in conjunction wth the acconpanying
dr awi riggd hiepcasthe dhive cleeentef erence  nuneral s designate similar or
correspondi ng el ements, regions and portions and in which: Figure 1is a
crgss sectional vi adiihal dbiuss it ARanReBRSNAdid @RIl 6aLd Pufiamshaped
spacer according to an enbodi nent of the present 1nvention. igure 2 is
acro £l LY I 1 od for.fabricating a

R s&fftoh WA olYdvEWah P fri peled Wik %Bﬁﬂ&mﬁ?&%}tﬁq %ﬁgcgpté% o may \5?8 Ilﬁ%ilw b3 gur e

L- shaped spacer according to an enbodi ne

31is ectional wiew for illystrating a nmethod for fabricating a
L-s hag’éaQ t@% SLEE venon, Y{b@ Plyeqts aufagtaeRst nghetlﬂ\ée”ﬁlf’@ Syt bei raglisd irod.
obtained by means of instrumentalities and combinations particularly pointed out in the append

claims.




Figure 4 is a cross sectional view for illustrating a nethod for
fabricating a 15 L-shaped spacer according to an enbodi nent of the present

invention. Figure 5 is a cross sectional view for illustratithg/a method for
fabricating a L-shaped spacer according to an enbodi nent of the present
invention. z7 .'". 6 Detailed Description of the Preferred Enbodi nents 5 A

preferred enbodi nent of the invention is described below This preferred
enbodi nent is a nethod for fabricatifag of L shaped spacers in a
sem conduct or device. The enbodinment is shown in FIGS | to 5. The

preferred enmbodi nent forns rs .pr.eferabl ysing an atomc | ayer

deposi tion (ALD) or ALCVD (‘%Jf)egﬁ?e CT'E{}%'F Oiﬂ@rﬁ'@ﬁ‘f'“%por deposi tion).
Referring to FIGURE 1, .a gate structure (e.g., 16 14) is provided over a 10
substrate 10. 3ubstEF b fealulls a9d advaniages oo §W§@ﬂ@t0®rcﬁzevaznycwﬁiag ts thiet abl e
sem conduct or substrate, such as a substrate conprising GaAs, SiCGe or a

SO sub$ertrventine asd bythendeaidaef 4 protdse of fabdkatitey suak blssmidopdh@bi QFideSgi ons
and ot her devices. Further, substrate 10 is illustrated as a single |ayer

i n I GuRErdentowithrtipt pleyert frevedtiamixigbe Aosk @XalyaRAtck@bd $6M%E: BIGHAAdi ti onal
| ayers are not relevant to this enbodiment. 15 The gate structure 14 16 is

b ef &1 hklipGaTbkbs AL furRiiOR WU ekl bW Bvind M R QUTELILS 02t e

16. The gate structure could be other tructdres ‘suc gate

wth c a5 I tes, The gate 16,can, be ¢ ri sed of one
or o ARl @R PR ABBRN g IR, Ay S-SR a5 PR o

dielectric |ayer MFigﬁ]r% 1 is a cross sectional view for illustratin icati
( g a method for fabricating a
L—shaped spacer according to an embodiment of the present invention.
10 Figure 2 is a cross sectional view for iltustrating a method for fabricating a
L—s'haped spacer according to an embodiment of the present invention.
Figure 3 is a cross sectional view for illustrating a method for fabricating a
L-shaped spacer according to an embodiment of the present invention.
Iigure 4 is a cross sectional view for illustrating a method for fabricating a
15  L-shaped spacer according to an embodiment of the present invention.
Figure 5 is a cross sectional view for illustrating a method for fabricating a

L-shaped spacer according to an embodiment of the present invention.




an overlying gate 16. The gate structure can be a conductive line such as a
word line in a 20 nenory device. The gate dielectric |layer 14 can be
conprised of an silicon oxide (e.g., SiQ2 or any high k die}ectri.c such as
haf ni um oxi de (Hf 02), zirconiumoxide (ZrQ2). Preferably 7 the gate
dielectric |ayer conprised of oxide ang preferably has a thickness between
8 and 50 A° The gate dielectric |layer“can be formed using an ALD process.
Preferably the gate can be conprised of netal, silicide, or polysilicon and
is preferably conprised of polysilicon and preferably has a width 17 of
bet ween about 0.01 m5 and 2.0 mand the gate has a hei ght between about
1000 and 3000 A. Gates can be closely spaced and with the enbodi nents

L- Shaped spacers, the space between adjacent gates is preferably between
0.01 mto 0.9 m (10 nmto 90 nry. Next, preferabl formlight doped
source and drain regiQPﬁ%‘?e&d?'éE’@Hf““f ﬂé‘thegfgf‘ r?@ﬁfﬂ}%%@% the substrate 10.
The lightly doped source and drain regions 12 preferably 10 have an As
concentration between 1E13 and 1E16 cm -2 and a depth fromthe substrate
surface between 300 and 600 A. Next, preferably we form pocket inplant

regi dns 13 by i npl ant pmfericd nmbodiaenhef thhevepposs desciibgselawy Thysruelgyed he LDD
regions 12 into the substrate 10 to form pocket inplant regions 13. The
pocket empbdinicat i1 3 nedtivdder fabataingllf . shgradegadeys ih apbanbhdgtddeane. Thei ons at
an energy between 5 and 25 KeV, at a dose between |IE13 and 1E14 cm2 to

form pegkediniciPk afdwi RUIGB Mist ITha pgpidl ddodnnhédidorsieishaes patwesn 50 and
200 Awith a resistivity

using an atomic layer deposition (ALD) or ALCVD (atomic layer chemical vapor deposition).

Referring to FIGURE 1, a gate structure (e.g., 16 14) is provided over a

10  substrate 10. Substrate can be a silicon substrate or any other suitable semiconductor substrate,
such as a substrate comprising GaAs, SiGe or a SOI substrate. The substrate can further include
wells, isolation regions and other devices. Further, substrate 10 is illustrated as a single layer
in FIGURE 1 to simplify the drawings and explanation, since such additional layers are not
relevant to this embodiment.

15 The gate structure 14 16 is preferably comprised of a gate dielectric layer
14 and an overlying gate 16. The gate structure could be other gate structures such as memory
gate with control gates and floating gates. The gate 16 can be comprised of one or more layers.

The gate structure is preferably comprised of a gate dielectric layer 14 and
an overlying gate 16. The gate structure can be a conductive line such as a word line in a

20 memory device.

The gate dielectric layer 14 can be comprised of an silicon oxide (e.g., Si0,

) or any high k dielectric such as hafnium oxide (HfO,), zitconium oxide (ZrO,). Preferably




bet ween 2 ohns per square and 100 ohns per square. The pocket i nplant

regions can be also be formed before the LDD regions. Still referring.to
FIGURE 1, we forma first dielectric |ayer 20 over the gate E% di*él ectric
| ayer 14 and the substrate 10. The first dielectric layer 20 is preferably
formed by an atom c |layer deposition (ALD) process and is preferably

conpri sed of oxide, hafniumoxide (H 02), or zirconiumoxide (ZrQ2). The
first dielectric layer 20 has a thickness of between about 50 and (i [ 8

200 A. The first dielectric layer.npreferabl.y for t t.uex bel ow
s00C. " Hbf At B E ShpBeq Y RhirRloR Bty L ERe e b ERY g 0%
tetrai odide and a source qf oxygen. In 1Jsmre referred enbodi nent, the
first diiseasdipkectigiuer o jedo ‘fsi‘%gead”g? péqcfs?scon oxi de fonned by an
atom c | ayer deposition (ALD) process preferably using 5 . )
tetrai socyanat esi | aRefgalcde saircandespmprsg)of mgj Slﬂicﬁ‘g‘ft» ogi Ralydiconand Syer 20
preferably has a thickness of between about 50 and 200 A. The first

di el ect pricferdbay ermprisep vepayslidop adndr prefirably ks atvadipe7at briaveye Rowt 300GH=Nd
preferably at a tenperature between about 200 and 400 C for a tinme between

600 and,,{00 8RCAATRe galdha 29RMNE BeheNildut LEIO\IRd BOOE &S Tdtdrakn BE €lopey f or med
at tenperatures between 600 and 700 C for a tine between 20 and 40

it araracpg HEcAbS BEAT IR AR aREt BUFEU e MB 2 DIV 11
Formed gr%fe?zﬂ)l}élﬁgwgén (')A\Iﬁlcvpu?l to 0.9 um (10 nm to 90 nm).

Next, preferably we form light doped source and drain regions adjacent the

gate structure in the substrate 10. The lightly doped source and drain regions 12 preferably
10 have an As concentration between 1E13 and 1£16 cm™ and a depth from the substrate surface
between 300 and 600 A.

Next, preferably we form pocket implant regions 13 by implanting 1ons
having the opposite impurity type as the LDD regions 12 into the substrate 10 to form pocket
implant regions 13. The pocket implants 13 can be preferably formed by implanting Boron

15  ions at an energy between 5 and 25 KeV, at a dose between 1E13 and 1E14 em™ to forn
pocket implant regions with a depth below the surface between 50 and 200 A with a resistivity
between 2 ohms per square and 100 ohms per square. The pocket implant regions can be also
be formed before the LDD regions.

Still referring to FIGURE 1, we form a first dielectric layer 20 over the gate

20  dielectric layer 14 and the substrate 10.

The first dielectric layer 20 is preferably formed by an atomic layer

deposition (ALD) process and is preferably comprised of oxide, hafnium oxide (HfO,), or

zirconium oxide (ZrO,). The first dielectric layer 20 has a thickness of between about 50 and




process. The second dielectric |ayer can be conprised of silicon nitride or
al um num oxi de and preferably has thickness between 150 and 300 A . 15 In
a nore preferred enbodi nent, the second dielectric |ayer 24 is conprised

of alum num oxide (e.g., Al1302) formed by an atom c [ayer depgsiition (ALD)
or ALCVD process using trinethyal umnum (TMA), ozone and water “(H20) _ The
second dielectric layer 24 is prefera%ly formed at a tenperature between
400 and 450C for a tine between 50 and 1000 seconds. 20 Still referring to

FI GURE 1 .third dielectrjc,.| 8 t d,.di el ectri
ayor. Hiekc FE e i BT 1 oo rEo i e PRy B OBy aH BB ¢
| ayer deposition (ALD) process. The third dielectric |ayer 28 is

pr ef er apiige esvrhsripeeal ivfa HlePawocess ysinghafpipmpetrgiodide gnd a sourqejofexygep. g

haf ni um oxi de (Hf 02), or zirconiumoxide (ZrQ2) . The third dielectric

| ayer 28 is preferali ymofaprafededembodimeple hatfustelidentielarcr290s aprapiagd o€ and
for a tine between 50 and 2000 seconds. The third dielectric |ayer

pr ef er afiliyorhasdafothéchknassohetnee de@B0ica dLD) Qprécesd preferatdy esipg ef er r ed
enbodi nent, the third dielectric layer 28 is preferably 5 conprised of

Si | | £oNEe@XisE8andteNi BV S RardvALQH,0). | B elstdepasiid lags 204rBeraplhyoeess. The
third dielectric layer 28 is preferably forned at a tenperature between

200 and hﬁlcq’(gesgé)f alsy hl&ﬁlz 53,8l 068 Ri CThaN&F did8cthis 1REELPrablY BFh@ct RY an

atom c fayer eposition (ALD) process using
temperature below 500°C and preferably at a temperature between about 200 and 400 °C for a

time between 600 and 700 seconds. This contrasts with LPCVD process that are performed at
temperatures between 600 and 700 °C for a time between 20 and 40 minutes.

10 Next, we preferably form a second dielectric layer 24 over the first dielectric
layer 20.

The second dielectric layer is preferably formed by an ALD or ALCVD
process. The second dielectric layer can be comprised of silicon nitride or aluminum oxide and
preferably has thickness between 150 and 300 A

15 In a more preferred embodiment, the second dielectric layer 24 is comprised
of aluminum oxide (e.g., Al;O;) formed by an atomic layer deposition (ALD) or ALCVD
process using trimethyaluminum (TMA), ozone and water (Ha0). The second dielectric layer
24 is preferably formed at a temperature between 400 and 450°C for a time between 50 and
1000 seconds.

20 Still referring to FIGURE 1, we form a third dielectric layer 28 over the
second dielectric layer.

The third dielectric layer 28 is preferably formed by an atomic layer

deposition (ALD) process. The third dielectric layer 28 is preferably comprised of oxide,




tetrai socyanatesilane (TICS) and water (H20) as descri bed above. For an ALD
process for silicon oxide, the silicon source (e.g, 10 S e taer e
tetrai socyanatesilane (TICS) ) and oxygen source (e.g., water+andiozonhe)
are alternately flowed into reaction chanber with purging of reaction
chanber between these steps. In an ALD, process, one of the selected
materials is flowed so as to deposit ofe nol ecul e t hi ckness of that

material onto the wafer, and the renmaining material is renoved through

exhaust frer . t he. . her Hal A4 . 1 | ecul e
t hi ckne%asfé Hi Xrléeeac f% g‘ﬁm{cﬁéﬁglr%%%?é '1?%%%%56}%% éggl 1%?%%&%&?1 kness
in such_a case is determned t h er.of .cycles that run., Atom c
| ayer clERFEH2 GRRFAUTR BEWICET 2%0 %rﬂfﬂé@&%?itoaatt%@egweeg? rarllmg5 %Oyseefonds‘
deposition (ALD). In ALCVD, reactants are supplied ip. |ngpul ses, separated
from ea&he ‘ibtrﬁére)lqcﬁlc lagerrdenpplgias & Fueimery PR ¢ g 35%120.6 ‘ggch reactant pul se
chemcally reacts with the surface. It is the chem cal reactions between
the reactants and t Fea swrs piefsrehambegireniathevinrddisiseiric 13ver £3 Brefprbliess
inherently capabl e of achieving precise nonol ayer growth. 10 ALCVD can be
useds t ocahgposd bf aliscardxedey faomedhy e rit atosgic layet degosigon (AINP) aredess| [Thythiinpound
sem conductors, elenental silicon, silicon dioxide and netal oxides and

ni tri degielcWigNaydl GYE: perdigfy fhonadenasinpeaathicl Potgest WONhagoer Celtalthisdich as
A, Ta, Hf, etc., and a non-netal constituent such as 0 or N, the first

eockRASPAR o OISl A1 FEDNAS Spata L) T et ol
tetraisocyanatesilane (TICS) and water (H,0) as described above.
For an ALD process for silicon oxide, the silicon source (e.g,

10 tetraisocyanatesilane (TICS) ) and oxygen source (e.g., water and ozone) are alternately flowed
into reaction chamber with purging of reaction chamber between these steps. In an ALD
process, one of the selected materials is flowed so as to deposit one molecule thickness of that
material onto the wafer, and the remaining material is removed through exhaust. After that, the
other material is flowed to form another molecule thickness and react with the previously

15  deposited layer. The thickness in such a case is determined by the number of cycles that are
run.

Atomic layer chemical vapor deposition (ALCVD) is a type of atomic layer
deposition (ALD).
In ALCVD, reactants are supplied in impulses, separated from each other in

20 the flow stream by a purge gas. Each reactant pulse chemically reacts with the surface. It is the

chemical reactions between the reactants and the surface that make ALCVD a self-limiting

process inherently capable of achieving precise monolayer growth.




that layer to forma conplete filmof nmetal oxide or netal nitride. Both
reactacts react chemcally with the surface on which they deposit, and
each reaction is self limting. Thus, ALCVD is a self-linitiing:iwholly
conformal process, enabling filmthickness control to previously

i npossi bl e accuracy levels. Filmthi cé ess can be controlled wthin a
nonol ayer 10 solely by counting pul ses.” ALCVD typically has a | ow
deposition rate, on the order of 0.1 nmcycle, where each cycle lasts a

f ew seconds. However, (?H% ' ! ; E:0o i whose
t hi ckness ranges fr c/)xr% 0. %?%gélgég?dm&@ﬂ{eg g%geg%gyf)@?géi&f}%{}gég:gg %Ie. igam%1 first,
second third dielectric |ayers 20.24 .15 28 ). can b eposited in a
singl e @ﬂ"g[n??éprp%?‘gf%c%_ CEOBSO%WG?%g%IfCOPr %{&1% eﬁ?’?l%a‘}dom%fl lﬁoexlr[i)&sc? Hgnber s. For
exanple, the first, second and third_dielectric |ayers 20 2 can b
formed Pitdsst Wher G VAt brtied foaFaPsi fels f A B¢ ms}é}{ ﬁ?%c”ég%[ei}?"%%h%tc" and
depositions can be perforned in the sane chanber w thout renoving the
waf er ( s} noEsetabgensiusnt sgh Ax D ar do thedirstaeactash gan confga thgamesapnng Hesesridi onal
can used. Different reactants are supplied for each dielectric |ayer.
Tabl s Act-oeR! bEhaofivsspdse dtipbsitsraenttalpreefteiningdaywabd tatstond ooé rdable witt eri al s
the first, second and third dielectric layers 20 24 28 can be forned. 9 11
Tabl e Athat @péritoforin a cdzapipediliiod nstd oxidd St m2tniaitt. Bothdeeteatea | ayers and
the etch chem stries.

chemically with the surface on which they deposit, and each reaction is self limiting. Thus,

ALCVD is a self-limiting, wholly conformal process, enabling film thickness control to

previously impossible accuracy fevels. Film thickness can be controlled within a monolayer

10 solely by counting pulses. ALCVD typically has a low deposition rate, on the order of 0.1

nm/cycle, where each cycle lasts a few seconds. However, such rates are suitable for ultra thin

films whose thickness ranges from 0.3 to 10 nm.

The spacer stack layers (e.g., first, second and third dielectric layers 20 24
15 28) can be deposited in a single chamber or the ALD too! without transferring to other
chambers.

For example, the first, second and third dielectric layers 20 24 28 can be
formed in-situ using atomic layer deposition (ALD) processes. The depositions can be
performed in the same chamber without removing the wafer(s). For example, an ALD tool by

20 Genus, INC. or ASM International can used. Different reactants are supplied for each
dielectric layer.

Tables A to D below show different preferred combinations of the materials

the first, second and third dielectric layers 20 24 28 can be formed.




Layer Material etch chemistry 1Is' dielectric layer 20 SiQ2 Hf 2"°
dielectric layer 24 A1203 3'-d dielectric layer 28 SiQ2 CHF4 5 Table B -
Option 2: Conpositions for Is', 2n' and 3d dielectric layers ¢ Layer:
Material Is' dielectric layer 20 H 02, Zr@2 2"  dielectric Iayer 24 S|

3rd dielectric layer 28 H 02, ZrQ2 Table C - Option 3: Conpositions for
151, 2"d and 3'-d dielectric |ayers Lla}yer Material 1st dielectric |ayer 20
Si02 2" dielectric layer 24 SiIN 3 " dielectric layer 28 SSQ2 EJ : 'S f 12
Table D - Option 4: Conpositions for 1s* , 2" d and 3 d dielectric |ayers
Layer Material | s dielectric layer 20 HFQ2 2" dielectric layer 24 A1203

3" diel %glgllélAC Op%lon 1- éompos%hons for 1, 2" and 3™ dielectric layers and the etch

chemistries.

Layer Material etch chemistry
1™ dielectric layer 20 810, Hf

2" dielectric layer 24 ALO; __

3" dielectric layer 28 Si0, __ CHF4

5  Table B - Option 2: Compositions for 1°*, 2*! and 3" dielectric layers

Layer Material

1* dielectric layer 20 HfO2, Zr02
2" dielectric layer 24 Si0,

3" dielectric layer 28 HfO,, Z10;

Table C — Option 3: Compositions for 1, 2" and 3" dielectric layers

Layer Material
1* dielectric layer 20 SiOy
2™ dielectric layer 24 SiN

3' dielectric layer 28 Si0;




As shown in FIGURE 2, we anisotropically etch the third dielectric |ayer 28
to forma disposabl e spacer 30 over the second dielectric |ayer ;24.-5;The
ani sotropic etch preferably uses an etch chemistry with a sel ectiVity
greater than 10 between the third dielectric |ayer 28 to the second
dielectric |ayer 24. For exanple, for third dielectric |ayer conprised of
Si2 and a second dielectric |ayer coﬁbrised of Al2(03, the anisotropic
etch preferably uses an etch chem stry conprised of CF4, or CHF3 to
achieve a selectivity greater than 10 between the third dielectric layer to
the 10 second dielectric layer 24. The di sposabl e spacer 30 preferably has

a w dt h_.qf hetween ut 300 apd,70Q A, and. ei.ght bet ween about 500 and
2000 Affaéeghb “Whggﬁﬁﬁﬁﬁg ?S§Elet hap%g gg%%%ﬁl “Bectric layer 24 and
the first. dielectric-layer 20-using—the di sposable spacer 30 as a nmask to
form t ob@24A and bottom 20¥aei8l | - shaped spacers. Preferably the etch is an
anisotropic etch. This_ etch can be a two step etch wth etchants sel ective
to the| hhdietecticdaysf 26 he seld8d and firlst dielectric layers. As shown in

FI GURE| 4, we renpve the di sposabl e spacer 30. The renoval of the disposable
spacer | 30 digsecpiicchesraldl y peaf,0sned using an etch selective to the materia
of the| di sposable spacer with the material of the top L-shaped sf 13
spacer [ 7481 &LQ: 16%@nRl € TPHf@ di sposabl e spacer 30 made of Si2 , HF can be
used tp renove the disposable spacer jand not etch the underlying top

spacer ~24A- e of AL Bwn in FIGURE 2, we anisotropically etch the third dielectric layer 28

to form a disposable spacer 30 over the second dielectric layer 24.
5 The anisotropic etch preferably uses an etch chemistry with a selectivity
greater than 10 between the third dielectric layer 28 to the second dielectric layer 24.
For example, for a third dielectric layer comprised of Si0, and a second dielectric layer
comprised of ALOs, the anisotropic etch preferably uses an etch chemistry comprised of CFy,
or CHF; to achieve a selectivity greater than 10 between the third dielectric layer to the
10 second dielectric layer 24.
The disposable spacer 30 preferably has a width of between about 300 and
700 A and a height between about 500 and 2000 A.
As shown in FIGURE 3, we ctch the second dielectric layer 24 and the first
dielectric layer 20 using the disposable spacer 30 as a mask to form top 24A and bottom 20A
15  L-shaped spacers. Preferably the etch is an anisotropic etch. This etch can be a two step etch
with etchants selective to the materials of the second and first dielectric layers.
As shown in FIGURE 4, we remove the disposable spacer 30.
The removal of the disposable spacer 30 is preferably performed using an

etch selective to the material of the disposable spacer with the material of the top L-shaped




The etches for the third, second and first dielectric |ayers can be
performed 5 in-situ. The etch can be a nmulti-step etch, such as a one, two
or three step etch. As shown in FIGURE 5, we form source and @r&ih ¥ébi ons
36 adjacent to the top and bottom L-shaped spacers. The source and drain
regions are preferably formed using an,_, inplant process. The source and
drain regions 36 preferably are doped Wth As. 10 The preferred enbodi nents
of the invention provide nethods for formng L- shaped spacers with the

fol | ow ; 8@%‘{@["[ %?géaré\plé/ ﬂ);r% d&s&%ﬁ‘é&&)g&gsrpg%éPQ\%%%%%&@Q}C?IF%JI} bteri'l'é&iatoqulﬁ&v%c'[ ric

| ayers eposited at tenpe 0 he i nventors have found

that as,design,rules shrink %ow 1. p. it I.npor.t to reduce the
t her mal thﬁ&i?@@?abiﬁstpé?erﬁﬁgngﬁggg %ngdiwr?ﬁlt%%pag?rez%é ngr?%o(}fdﬁ?% to 15 achi eve
hi gh devi ce performance. Al so, the inventors have found that device
performance is becomng nore sensitive to LDD s series resistance. The
enbodi nents' | ow thermal budget does not inpact the LDD s doping profile,
unl i ke conventi onal Thescbesesthgithind, seroghand fisedigksrtrip laget @n byrerfoednt or s
have recogni zed the LDD profile requirenments for the design rules |ess
t hans 0. fb-situ. 2B etclThen Ispawelti-sipoteh, seeh dse amentwoolritisde stop eiebr |y at omi ¢ | ayer
preci sion because the ALD process grows |ayer by layer with an accuracy of
about 5 A [J The LDDQ shesh &t FGERE Anwbérinebtues acbhiimakiieds beadarsat b tie
spacer wi dths can be better controlled using the invention's L-shaped
spacer RjHOHESStAN -NapPROsS. tiheBSurcd 4nd drain regions are preferably formed using an
implant process.
The source and drain regions 36 preferably are doped with As.
10 The preferred embodiments of the invention provide methods for forming L-
shaped spacers with the following advantages:
1 Very low thermal budget since all three dielectric layers are deposited at temperatures
below 500°C. The inventors have found that as design rules shrink below 0.1 pm, it is
important to reduce the thermal budget after LDD and pocket implant steps in order to
15 achieve high device performance. Also, the inventors have found that device performance
is becoming more sensitive to LDI’s series resistance. The embodiments’ low thermal

budget does not impact the LDD’s doping profile, unlike conventional processes with
higher thermal budgets. The inventors have recognized the LDD profile requirements for
the design rules less than 0.1 pm.

20 [1 The spacer width can be controlled to nearly atomic layer precision because the ALD
process grows layer by layer with an accuracy of about 5 A,

73 The LDD resistance can be better controlled because the spacer widths can be better

controlied using the invention’s L-shaped spacer process and ALD depositions.




N The spacer stack |layers (e.g., first, second and third dielectric |ayers)
can be performed in a single chanber without transferring..As a result,

.....

| ess equi pment foot space and reduce equi pment cost. The spacer fi''m stack
formed by the ALD process is very conformal. 5 The enbodi nent's atomc

| ayer deposition (ALD) process used tq form spacers, can grow filnms with
preci se thickness control. This is an édvantage because it provides good
gapfill for closely spaced gates. The width of the spacers will affect the

sour ce/ dr ai.n j . )= Sl i r.i

el e e e L U S S N

cl osely spaced, gates.. ile.the inventi has .been rti v .shown and
descri bed SWEﬁh%gg?rengo\é\Ekﬁnsfe&*?%eAsparrg uel{r’)rrﬁeéﬁle%uﬁ%%%]lt rfrogoﬁll éacfg ﬁlé(?éeg%ﬂ?e it owill
be understood by those skilled in the art that various changes in form and

detai |l s mEUBEHEGE- wi t hout departing fromthe spirit and scope of the
invention. It is intended to cover various nodifications and siml ar

ar r angelrerths spagaidfilsr geddivraed butha AR P9essds W1y ¢96o8Bbended cl ai ns
therefore shoul d be accorded the broadest interpretation so as to
encohpass Tak kmbudimenBslatbindaley orlspentttbns(AhD)aprocesy wad knfenn Spaests, caQgrow
procedures. 15 Wiat is clained is: 1. A nethod of fabrication of L-shaped
spacers i nil@s s&fipeahaubitotesdentroe Thisdepn adianggt beasdeepgrovides good gapfill
for closely spaced gates.
{1 The width of the spacers will affect the source/drain extensions (LLDD) series resistance and

hence the drive current.

10 (& The ALD L-shaped spacers permit filling the spaces between closely spaced gates.

While the invention has been particularly shown and described with
15  reference to the preferred embodiments thereof, it will be understood by those skilled in the art
that various changes in form and details may be made without departing from the spirit and
scope of the invention. It is intended to cover various modifications and similar arrangements
and procedures, and the scope of the appended claims therefore should be accorded the
broadest interpretation so as to encompass all such modifications and similar arrangements and

20 procedures.




a) providing a gate structure over a substrate; b) formng a first
dielectric layer over said gate structure and sai d substfdf ey gaiid first
dielectric layer formed using an atonic |ayer deposition process; c)
formng a second dielectric |ayer over said first dielectric |ayer; said
second dielectric layer fornmed using an atom c |ayer deposition process;
d) formng a third dielectric |layer over said second dielectric |ayer; said
third dielectric |layer fornmed usinddan atomc | ayer deposition process;
the steps of formng said first dielectric layer, said second dielectric
| ayer and said third dielectric layer are perforned in-situ using an
atoni&MhayéWﬂ@ﬁE#ﬂgal vapor deposition process; e) etching said third
dielectric layer to forma di sposabl e spacer on said second dielectric

| ayer; f) anisotropically etching said second dielectric |layer and said

fi i el ; . : . . )
e R E s S

2. The neg)gd of claim1l wherein at |east two gate structures are provided,
and top and bottom L-shaped spacers are forned on said gate structures; a

space bet wegn, HIRER ba AR Shf Rl heEbgatiet ween 0.01 mto 0.9 m s 9 16

b) forming a first dielectric layer over said gate structure and said substrate;
said first dielectric layer formed using an atomic layer deposition process;

¢) forming a second dielectric layer over said first dielectric layer; said second
dielectric layer formed using an atomic layer deposition process;

d) forming a third dielectric layer over said second dielectric layer; said third
dielectric layer formed using an atomic layer deposition process; the steps of
forming said first dielectric layer, said second dielectric layer and said third
dielectric layer are performed in-situ using an atomic layer chemical vapor
deposition process;

e) etching said third dielectric layer to form a disposable spacer on said second
dielectric layer;

f) anisotropically etching said second dielectric layer and said first dielectric
layer using said disposable spacer as a mask to form a top and a bottom L-
shaped spacer; and

g) removing said disposable spacer.

2. The method of claim 1 wherein at least two gate structures are provided;

and top and bottom L-shaped spacers are formed on said gate structures;

a space between adjacent gate structures is between 0.01 pm to 0.9 pm.




3. The method of claiml wherein said first dielectric layer is conprised
of silicon oxide, said second dielectric |ayer is conprised of: alym num
oxi de, and said third dielectric layer is conprised of sillcon oxide. 4.
The nethod of claim1 wherein said first dielectric layer is conprised of a
material selected fromthe group consisting of hafniumoxide and zirconium
oxi de, said second dielectric layer is conprised of silicon oxide; and

said third dielectric layer is a naﬂérjal sel ect ed fron1ﬁ%$e,group, .
consi st.iThg roethrdioficlamokiviierein gaish frsbielasiisdayer issompgsedof Rligop xSy
wherein said first dielectrig | rris conprised of. : rijal .sel ected
from t$FECHE SifpedHR&IVSE i‘%‘@f’%ﬁ"“f’?&? %ﬁe"ﬂW‘r‘ ik a?ﬁﬁ@ﬁﬁﬁhﬁ %)?ieﬂLf}c &f*¥second
dielectric. | gft.is coggrised of al um num oxi de; and said third dielectric
| ayer ?%nﬁ%ﬁﬁf SHiFoBrodde nat erial sel ected fromthe group consisting of

haf ni um oxi de and zirconi um oxi de. 6. The nethod of claim1 wherein the
steps of formng said first dielectric layer, said second dielectric |ayer

and saij i ielectri g el ] bfaSH i Fhadbamgediayer
Gapos: b1 MBI CBAATS (o kRl PRI QLT Lt b HBUR0 aBe BHAM ecra

has a tBhCiagSsup LEENRET; SO AAThR ORI arkPlifccP@ENSkidk, ehitlclbditd Uayatribas a
t hi ckness between 130 and 300 A and said third dielectric |ayer has a

t hi cknegsr BebwgkedQP sifttn ZRUAand saitithidediblodtraflagbrds mmatatibicdel dcted frem
i ncludes before the step of formng said first dielectric layer, formng
| i ght tlepedupeunsstimnd dafaivmregiconsl zidjademoxddé.d gate structure in said
substrate. 17
5. The method of claim 1 wherein said first dielectric layer is comprised of a material selected
from the group consisting of hafnium oxide and zirconium oxide, said second dielectric

layer is comprised of aluminum oxide; and said third dielectric layer is comprised of a

material selected from the group consisting of hafnium oxide and zirconium oxide.

6. The method of claim 1 wherein the steps of forming said first dielectric layer, said second
dielectric layer and said third dielectric layer are performed in-situ using an atomic layer
deposition (ALD) process in the same chamber; said first dielectric layer has a thickness
between 50 and 200 A, said second dielectric layer has a thickness between 130 and 300 A

and said third dielectric layer has a thickness between 300 and 700 A

7. The method of claim 1 which further includes before the step of forming said first dielectric
layer,
forming light doped source and drain regions adjacent said gate structure in

said substrate.




8. The method of claim 1 which further includes: form ng source and drain
regions adjacent to said top and bottom L-shaped spacers and formng a
pocket inplant in said substrate. 9. The nmethod of claim 1 {whereirn:said
gate structure conprised of a gate dielectric layer and an overlying gate;
said gate dielectric layer is conprised of silicon oxide; said gate
dielectric layer has a thickness between 8 and 50 A; said gate is

conpri sed of polysilicon, sai ate lhas wi dt h of between abqut 0,01 and
2 m an8. Bt @egm%ofﬁ%@rral H@Pléhgur%&rv\é‘élﬁg% ﬁlfmli‘@@@ur%?d‘dsmg@@“ Fegiqus adjpeent
met hod of ¢laiml wherejn said first djelectric layer is conprised of a
ot or 5 “aid 6ot RO Ehan Srseael BEIGS oposiakabP SR et

(Hf 02), and zirconiumoxide (ZrQ2), said first |layer has a thickness of
bet ween about 50 and 200 A; said first dielectric |ayer forned at a

torRer gt ;£ 06l O, B00 1 rc B TEA D8 S BBA, OPE BAD. S8id Nk anc

. . L L
di el ecfric orned by an atonrc |ayer eposition (ALD) process using

tetrai %H&%g#l?%%f%%@;@gic{ %_Atgﬁleléﬂﬂ_c Wafe8hs corBbsdd b i Hned88¢ rshid gét@)&@éiectric

conpri se said third dielectric 1ayer formed at a tenperature

bet wee hy2P8adf thickRQE beldect®an® b 3d soid @ltaisohphedaifpobadilicdrbaid gate
dielectric layer forned by an atom c |ayer deposition (ALD) process, said

third di.ehealrd 6f hawRbn GHHRI 0.6EF0@D dn BRH BhidAatS BhES hedht bORYddACbowt 200D
consi sting of: oxide, hafniumoxide, and zirconium oxide; said third

dielecgﬁggogyggr formed at a tenperature between 200 and 400 C. 13. The
met hod of claim 1 wherein said disposable spacer has a width of between
about 300 and 700 A and a hei ght between about 50 and 1500 A

10. The method of claim 1 wherein said first dielectric layer is comprised of a material
selected from the group consisting of oxide, hafnium oxide (HfO,), and zirconium oxide
(Z+O,), said first layer has a thickness of between about 50 and 200 A; said first dielectric

layer formed at a temperature below 500°C .

11. The method of claim 1 wherein said third dielectric layer formed by an atomic layer
deposition (ALD) process using tetraisocyanatesilane (TICS) and water; said third dielectric
layer comprised of oxide, said third dielectric layer formed at a temperature between 200 and

400°C.

12.The method of claim 1 wherein said third dielectric layer formed by an atomic layer
deposition (ALD) process, said third dielectric layer comprised of a material selected from the
group consisting of: oxide, hafnium oxide, and zirconium oxide; said third dielectric layer

formed at a temperature between 200 and 400 °C.

13.The method of claim 1 wherein said disposable spacer has a width of between about 300

and 700 A and a height between about 50 and 1500 A.




18 14. The nethod of claim 1l wherein said gate structure and said

sem conduct or device have a design rule less than 0.1 m 15. A nethod of
fabrication of L-shaped spacers in a sem conductor device, conprising the
steps of : a) providing a gate structure over a substhfge%%@)ﬁﬁprning a

first dielectric layer over said gate structure and said Substrate; said

first dielectric |ayer forned using an atom c | ayer deposition process;
said first dielectric layer forned By an atoni¢ | ayer .deppsition process
usi ng f&tThe wetpareftdaim hnderin saigegalt strupigre an@ spirlsepien té?é?fr&efl?@a%ie a
conprised of oxide; said first dielectric |layer has a thickness of between
about 8esignduledessahasildumirst diel ectric layer fornmed at a tenperature
bet ween about 200 and 400C, c) form ng a second dielectric |ayer over said
first dielectric |layer; said second dielectric layer formed using an

at oni c 15.ay eretbed o6 fabirpatipn of bshape spagens g %ﬁmmpméu@pfed@‘@m COTMRIVEERS over
said second dielectric layer; said third dielectric |ayer fornmed using an
atonicth%ﬁéPsﬁﬁposition process; e) etching said third dielectric layer to

form a disposabl e, spacer on said second ,dielectric |ayer; f
ani sot r opi c3 H”Spvé‘ihélgiar‘%at%ﬁﬁrﬂc@é%%ﬂ ad?hgﬂsg@%eri c |layer a%d sai 31 first

gi EL? f E)H E_ 21}%1&1&1‘1& gglggtecfl;gfedtﬁ%i Igf?»aorsc)av%l1~ %af%lpgaa%g Gerfidtufe P Eaia%utagtrrg@e?saric? p and

first dielectric layer formed using an atomic layer deposition process; said first dielectric
layer formed by an atomic layer deposition process using tetraisocyanatesilane and
water, and said first dielectric layer comprised of oxide; said first dielectric layer has a
thickness of between about 50 and 200 A; said first dielectric layer formed at a
temperature between about 200 and 400°C;

c) forming a second dielectric layer over said first dielectric layer; said second
dielectric layer formed using an atomic layer deposition process;

d) forming a third dielectric layer over said second dielectric layer; said third
dielectric layer formed using an atomic layer deposition process;

e) etching said third dielectric layer to form a disposable spacer on said second
dielectric layer;

f) anisotropically etching said second dielectric layer and said first dielectric
layer using said disposable spacer as a mask to form a top and a bottom L-shaped
spacer; and

g) removing said disposable spacer.

16. A method of fabrication of L-shaped spacers in a semiconductor device, comprising
the steps of :

a) providing a gate structure over a substrate;

b} forming a first dielectric layer over said gate structure and said substrate; said

first dielectric layer formed using an atomic layer deposition process;




g) renoving said disposabl e spacer. 16. A nethod of fabrication of L-shaped
spacers in a sem conductor device, conprising the steps afy:::a) ~providing
a gate structure over a substrate; b) forming a first diel'ectric layer over
said gate structure and said substrate; said first dielectric |layer forned
using an atom c | ayer deposition process; 19 c¢) formng a second
dielectric layer over said first dielectric |layer; said second dielectric

| ayer formed using an atomic |ayer d@posi tiaon process; said second

di el ectri c 9 dgmnings jespnd diglsctein layes pver $a¢ Srstdigledricilarer| midpegrstess
usi ng trimethyal um num ( TMA) and,o%one nd water and said second dielectric
| ayer diglsitq laper Ormep RN 8%PYE [aXeEiCGPeEEBRR S ect ric | ayer formed at

t - at t 40Q d 450C, d) f i hi i i
over S s%é%srfﬁfw%%fcﬁem?”f Vearletpie dsper Bebd PSS o, e
usi ng an ; X L i i | i
oyer P9ng bt RS GRRERLA) B BARRERR w fler S ARG it elbufle Hyet PR 1T ©

STLECLAMSAL Y MO8 S Spra e o ot saubsl
a bot tpm e loPadd 480@cer; and g) renoving said di sposabl e spacer.
d) forming a third dielectric layer over said second dielectric layet; said third
dielectric layer formed using an atomic layer deposition process;
e} etching said third dielectric layer to form a disposable spacer on said second
dielectric layer;
f) anisotropically etching said second dielectric layer and said first dielectric
layer using said disposable spacer as a mask to form a top and a bottom L-shaped
spacer; and

g) removing said disposable spacer.

17. A method of fabrication of L-shaped spacers in a semiconductor device, comprising
the steps of :

a) providing a gate structure over a substrate;

b) forming a first dielectric layer over said gate structure and said substrate; said
first dielectric layer formed using an atomic layer deposition process;

¢} forming a second dielectric layer over said first dielectric layer; said second
dielectric layer formed using an atomic layer deposition process;

d) forming a third dielectric layer over said second dielectric layer; said third
dielectric layer formed using an atomic layer deposition process;
said third dielectric layer formed by an atomic layer deposition process using
tetraisocyanatesilane and water; said third dielectric layer comprised of oxide, said

third dielectric layer formed at a temperature between 200 and 400°C;




17. A method of fabrication of L-shaped spacers in a sen conductor device,
conprising the steps of : a) providing a gate structure over a substrate;
b) formng a first dielectric |ayer over said gate structur'e’and’ sai:d
substrate; said first dielectric |ayer forned using an atom c | ayer
deposition process; c) formng a second dielectric |ayer over said first
dielectric layer; said second dielectric layer fornmed using an atomc

| ayer deposition process; d) formng% third dielectric |ayer over said
second di el @cteting saijiehirdsditlgciisilager taiferma ardisrosehlFsParyrorbnia seegdan
atom c | ayer deposition process; said third dielectric |ayer formed by an
atonich%VéﬁcH@BESition process using tetraisocyanatesilane and water;

idthird dielectric..l . i sed, of i. d i Lhird,.dj tri
ayer for ek “REoHoPiRBE AT i e B Sob i auoberd w5 A5 RIS Sl
third dielectric.|a ' '
ai ol octFt Tikpefid FBhubf ifsH & hHORMRE A HA BB SRR ¢ | ayer

and sag Llrsly dielectric layer using said disposable spacer as a mask to
forma™op ‘and a bottom L-shaped spacer; and g) renoving said di sposable

spacer. g) removing said disposable spacer.




