; €e3e0W RRSTTREUMBRWIWWE O 5 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 enbodi nents of the invention relate generally to
fabrication of sem conductor devices and nore particularly to the
fabrication ice wth sidewall spacers and nore particularly to a
nmet hod fo\m‘%\\ﬂwmm@emll spacersi for a gate structure. 2) Description of
the Prior the physical geonetry of sem conductors continues to
shrink, the sp#®*between gate el ectrodes shrinks as well. As design rules
shrink, it is inportant to reduce the size of the elenents for transistors.
2 One approach which has _been used to solve this problemis the use of
spacers on th M\\\W\Wﬁ\grode sidewal I s which are smaller at the top than
they are at tm\m ch as L-shaped spacers. In a typical L-shaped
spacer two diel ectggio* |l ayers (the first conposed of silicon nitride and the
second conposed of silicon oxide) are forned over and around a gate 5

el ectrode, then anisotropically etched. However, the top oxide portion of

t he $Spacer can not be easily renoved w thout damagi ng oxi de isol ation
structures. Conversely, if the top oxide portion of the spacer remains, it
can be affected by post-etch wet chem cal process causing inconsistent
spacer shape and size across the I1C and between I1C s. Furthernore, furnace
based LPCVD Fﬁq 16D i (gkﬂ i HPRR are
relatively JT? fi c??tﬂ?ioubl co%f(ir;g'[ §§%£@?%ﬁ§§q e i rrpo?tf%%?gﬁ%?
overcom ng the various deficiencies aamagove i's

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.



evi denced by the extensive technol ogi cal devel opnent directed to the

subj ect, as docunented by the relevant patent and technical literature. The
cl osest and apparently nore rel evant 15 techni cal devel opnents in the
patent literature can be gl eaned by considering the follow ng patents. US
6, 380, 039B2( Badenes et al.) shows a process for an L-shaped spacer. US

6, 294, 480b 1 (Pradeep et al.) and US 62346, 468b 1 (Pradeep et al.) show

other processes for m%gg&acmhﬁ.h?lﬁzb@&ﬁ%bﬂ?@éd&@&i@ﬁroﬁlexﬁisrtEé/@@J&" anot her

process for an L-shaped spacer. US 6,348, 386b1(G I'nmer) shows a process

for a gaép‘acgfi'k 6h B! p%aitcgelle@c}’o%re'si&égags %%Yeh%%@%&%% af{he% 2haﬂit§e%‘31 A3 562 bIAbS

dielectric layer ocesses. unmary o nvent | on I's an object of

an enbodi nent .of th resent .inventi,on to provid net hod r .fabricating
Spacers THE: LaweRefRte dn asunied L-uiped fulistfeeMEnane LR 6t Rumposss
the present . invention to provide a nethod for fabricating L-shaped spacers
usi ng at Hrtkicondytaide gad i sepidl ommopedyeiiliconaxide) are fopned By ed srovpdvigae  An
enbodi ment of the present invention provides a nethod of fabrication of 10
L- sh&épedelegrnaler then anisotsapéatiyrethhed.o Hodeverg the tdp gside pettionoifuhespasenman iotibel
over a substrate. W forma first dielectric |ayer over the gate dielectric

| ayer anghsilieerseredtwidiont ddMeading axide tohdiodisali&aies] ConvayRly, ifstht esp®@ddeover the
first dielectric layer. Then, we forma third dielectric |ayer over the

ot chod ChTar br e sp@XPRonlRS 0ol b B ELTEY PhE I el PRIESRAhEY
ani sot r ol RR Spat Hn i OR a'rhfShe 1C M BRI s U RRuBRE, B besed: op
or et or  ob LG NRCEE HGORS 3r& ormeq SbRh AEPERILI 6 BreGIach el APl ta e
formed by atomc | ayer deposition (ALD). In preferred enbodi nents, the
firsko, s@ummmsmwdrw%hMﬁ dielectric layers are 20 formed by atom c | ayer
deposition (ALD) processes. The second and third dielectric |ayers
The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as documented
by the relevant patent and technical literature. The closest and apparently more relevant
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.



preferably have different etch characteristics to that the third dielectric
| ayer can be etched selectively to the second dielectric |ayer. 4 The
enbodi ments preferably use atom c | ayer deposition (ALD) processes to form
spacers, as ALD processes can grow filnms with precise thickness control.
This is an advant age because the width of the spacer will after the
source/drain extension series resistance and hence the drive current. 5
Addi ti onal objects and advant ages 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 practice g‘mﬁ,ggr)i aRIhPEhtiolNe Obj ects and advant ages
of the invention nmay be realized and ‘obtained by neans of instrunentalities

and conbi nati ons partji.cul afl inted out .in.the append clains. . 5 Brief
Description of the DYMRGReTHE P AlEentof teRistrb eny s Ravidt 8nduct or
devi ce ac%ﬁrging tQ the present inyention angd further details of a process
of f abr iBehpshErdabiirating sPACEESHR GSEMICORLYsIeRdSvIFes accor dance with the present
invention will be nore clearly understood fromthe followi ng description

t ake® i n conj unct i on liis tah objeet efacemplzodjmens of theprageat invendivrcio drowde aef er ence
nuneral s designate simlar or corresponding elenents, regions and portions
and i n whethbd fdrifgbiietihg [ sshaped sgisers @sing @tvmhic layewdémsition (A3 D)arodegse’ inet hod
for fabricating a L-shaped spacer according to an enbodi nent of the present

i nvent i o3dmiddhdhbBra&ice.1 S @ cross sectional view for illustrating a nethod
for fabricating a L-shaped spacer according to an enbodi ment of the present
invention. Figure 3 is a cross sectional view for illustrating a nethod for

fabricating a L-shaped spacer according to an enbodi ment of the present
et ion, FLOUe 4 Lo AL ase A SRl et O LSS ST R tot o
:c 2\6 ﬁ:& ;1(-_) Eﬁgell:[;y us;r)aece?s iinsa s%m%o%sd?lct%regé\i/iger.]a[& ga:téa \sl\t/n]:c(t)L{re ! ils l];)ijosvticge%t(ivg? a 2ubr£?r21'[r]e?d for
We form a first dielectric layer over the gate dielectric layer and the substrate. Next, a second
dielectric layer is formed over the first dielectric layer. Then, we form a third dielectric layer
over the second 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.



L- shaped spacer according to an enbodi nent of the present invention. 6
Detail ed Description of the Preferred Enbodi nents 5 A preferred enbodi nent
of the invention is described below This preferred enbodinent is a nethod
for fabricating of L shaped spacers in a sem conductor device. The
enbodiment is showin FIGS 1 to 5. The preferred enbodi nent forns spacers
preferably using a atom c | ayer depodition (ALD) or ALCVD (atom c | ayer

chem cal vapor deposiTh @RbodiBREY frbfeatlPudd itk 1&yer@e9@§1ﬁox§mm}#r 0Bess8s 9 -
16 14) is provided over a 10 substrate 10. Substrate ctan be a silicon

;ﬂ?iihi Zi@nﬁ% Bl lts ?ﬁeaiiéocte%g% Sarifidl C@?a%“@&kﬁé&e&‘:? ﬁﬁi‘%ﬁgs THEF @tsﬁf?@an
F
Cubst 1 atEVHHFSOGRRIESh 3 ORUNPEONE SRay B SPHOPATIREN Frien TSI Re

drawi ngs and expl anati on, since such additional |ayers are not relevant to
this eanlhmmtheﬂBVEhmqate structure 14 16 is preferably conprised of a
gate dielectric layer 14 and an overlying gate 16. The gate structure could
be otsher gate struct Wdditigdtbbjads amdmivwan@géeofithé mventidrn will baset Sortinih the
floating gates. The gate 16 can be conprised of one or nore |layers. The

gate strychiifn tﬁat%ﬁ(f)\% a8l Yn ?ﬁ[‘ﬁ/’ill BedbAbuFi SR tRe @és%h? G, Iof nia?%%flealfﬂe@&d an
overlying gate 16. The gate structure can be a conduc Ive Ilne such as

word lin i

conpris aét{be%ﬁ%ﬁ%@oﬁ% f&ctsa% g@%@ %S%If h{'é}ﬁ E e ec [ cggﬂch as
haf ni um 02 i rconi u OXi Prefe t he ga

G e eot rfRaingy by meabn HuiERn) 1@3@@?\6@%@8&&%@?&3 Bointed ekiigs BepBpsuden
8 and 50 A The gate dielectric |ayer can be forned using an ALD process.

Pr ef er ab$lgimshe gate can be conprised of metal, silicide or polysilicon and
is preferably conprised of polysilicon and pref erably has a wwdth 17 of
bet ween about 0.01 um5 and 2.0 um and the gate has a hei ght between about
1000 and 3000 A Gates can be closely



spaced and wth the enbodi nents L-Shaped spacers, the space between

adj acent gates is preferably between 0.01 umto 0.9 um (10 nmto 90 nm.
Next, preferably we formlight 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 1 E 13 and 1 E 16
cm2 and a depth fromthe substrate surface between 300 and 600 A Next,
preferable, we form pocket inplant reéi ons 13 by inplanting ions having the
opposite inpurity type as the LLD regions 12 into the substrate 10 to form
pocket inplant regions 18 Thﬂri@f’ﬁ@s‘%}gtﬁmﬁ%éﬂhfﬁg be preferably forned

by inplanting Boron ions 15 at an energy between 5 and 25 KeV, at a dose
between 1 E 13 and 1 4.cm2 to forma pocket i.nplant .region,.w a depth
bel ow the surface betTearEe o8RBTl ToraMBe TS P Rith foInd e
per square and 100 ohns, per square. The pocket inplant regions can be al so
be for mefets8t Bentianeand fpythergletnls .0?3ﬁ>r<rqessr%ﬁcfjé1?rﬂ?%gtsac ggnReonducigr degice iy
first dielectric |ayer 20 over the gate 20 dielectric |ayer 14 and the
subsBr atasca@ancpheith theqresghiinsentioncwillheanorz@ldagly mndenstoa Ifsont therfelowingan
atom c | ayer deposition (ALD) process and is preferably conprised of oxide,
haf ni um deserdistiopthkEn)in conjuretionowithu theexcatapdnfiti?drawiips if whédh likeadefoeéncec | ayer
20 has a thickness of between about 50 and 8 200 A The first dielectric

layer prafedabla¥sibiesichiRt pacérﬁ'éx?@ﬁcﬁﬁglé@n@ﬁﬂspa@gﬁg%d piskidhsimdx Wikicgan be
formed in a ALD process using hatniumtetraiodide and a source of oxygen.

e more preferred sahodh TERLy ot e 0Sic S 86k e b BURRPRy b BRARE L oeC

of silicon oxide for an atom ¢ |ayer deposl pr 0Cess
preferably using 5 tetrai socyanatesilane (TICS) and water (H20). The first
di el ect riEhangge aozeawé‘ﬁagab mbaiep B AsBaken aboul 50 and 200

A The first dielectric layer is preferably forned at a tenperature bel ow
500@0and preferably diguic2dsperoas saciona (g fordBusirating @ nagtodifyy fabricetingat i ne
bet ween 600 and 700 seconds. This contrasts with LPCVD process that are
per f or nel-shipetl appeer atcordiag eameabodifBnaefthe kst fivention.i me bet ween 20 and
40 mnutes. 10 Next, we preferably forma second dielectric layer 24 over
the first dielectricFjgure3 is across sectional view for illustrating a method for fabricating a
L-shaped spacer according to an embodiment of the present invention.
Figure 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.



| ayer :20. The second dielectric layer is preferably fornmed by an ALD or
ALCVD process. The second dielectric |ayer can be conprised of silicon
nitride or alum num oxi de and preferably has thickness between 150 and 300
A. 15 1n a nore preferred enbodi nent, the second dielectric layer 24 is
conprised of alum num oxide (e.g., A1302) forned by an atom c | ayer
deposition (ALD) or ALCVD process usind trimethyal um num (TMA), ozone and
wat er (H20) The second dielectric layer 24 is preferably fornmed at a
tenperature between 400 and 450C for a tine between 50 and 1000 seconds. 20
Still referring to FIGURE 1, we forma third dielectric |ayer 28 over the
second dielectric layer. The third dielectric layer 28 is preferably forned

by a atom c | ayer depgqsit. ALD). pr ss. Jhe ird.dielectric |layer 28
is preferably conpris tﬁe@éqgg;)tm%&ﬁﬁ? ErﬁHFSQﬁEB?Wi zi rconi um oxi de

(Zr02) . The third dielectric layer 28 is preferably forned at a

t enperature between 200 and 400 C and for a tinme between 50 and 2000
seconds. The third dielectric layer preferably has a thickness between 300
and 300 A. In a nor e Apprefaredetbedindit v tie, invéntionhs descdbe dowi Thik prederr®B i s
preferably 5 conprised of silicon oxide, forned by a atom c | ayer

deposi t i @hbddihblt iPh atetiss fol Bdrichtingdofdl sHaped kpRetsdl alseBondudbedeicbTie
formed at a tenperature between 200 and 400 C. The third dielectric |ayer

28 is pr : o1 LEd qpmé Mals)
tetraisd%§§%§?g¥ngﬁgF?%$%% Pgﬂ% ggfg% %HSO? asﬁgégcrl i%ggggggggéﬁy%gggALD
process for silicopn oxi.de Siy L1 ource (e .1 .

Petsar sctyamis e dng s ead Bf oE AL LD (AR RrerEntinictvangs feposifion oz one)

are alternately flowed into reaction chanber with purging of reaction
chanmber bet ween t hes&eferapg to FIGURE AL peptestactyre Grte. ¥ 14)AePoy|ded oxgr a
materials is flowed so as to deposit one nol ecul e thickness of that

mat €0 al substrase tl fe Subdteate caartg a ilkconssubstrateigr angt @hérauitalde semisondictdrrsobsitate,
exhaust. After that, the other material is flowed to form another nol ecul e
t hi cknesguchag asebstiatedontprishfy (ALY ISOGS byya $O1 datpdaic EHe bubsante chh Curttier ¢hoh@des

in such a case is determ ned by the nunber of cycles that are

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., SiO;

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



run. Atom c |ayer chem cal vapor deposition (ALCVD) is a type of atomc

| ayer deposition (ALD). In ALCVD, reactants are supplied in inpulses,
separated from each other in 20 the flow stream by a purge gas. Each
reactant pulse chemically reacts with the surface. It is the chem cal
reacti ons between the reactants and the surface that make ALCVD a self
limting process inherently capabl e of achieving precise nonol ayer grow h.

10 ALCVDhe gatelifelbatfe 1dyer 8aapiadctl ofl oXile afll PrePérabt Bis adthicknést WettideA® drld-50 Aand
I11-V conpound sem conductors, elenmental silicon, silicon dioxide and netal

oxi des a L i : i t .t a filmcontaining a

nmet al sugﬁe gggé%e?e%§§ lwwgﬁkg%%déﬁﬁ%ﬁ-%tﬁg’?@g%sti tuent such as O or N,
the first reactant c ontajn the tal and t second. 5 non-netal . The
st pul se deposi t Thelabh Mg ghtbaenmhgorasd olindEhagiR i Tl Renapd f
with that layer to forma conplete filmof netal oxide or netal nitride.
Bot her rpigtraiy cempasastofaebisilican apd iirefgrabhichas i widée 1 D af batween aboayy Glpwsi ¢ |
and each reaction is self limting. Thus, ALCVDis a self [imting, wholly

conf & Maindo2.0G@68nd B8 ableiag afheight bdtivekingtsot ¢O0U &l 3000 Ar Eiesdad ke Llopessi bl e
accuracy levels. Filmthickness can be controlled with in a nonol ayer 10

solely b i I . A ' [ .€, on
the. o et SR B P i A Qi b SBkE Bk 2 oo BRI ALALARIEL 0T
such rates _are suitable for ultra thin filns whose thickness ranges from
0.3 to 1BreFFﬁ?blT§§t"é365@é)rl p e ROy £H&nmpdo 0 nmy); ¢ st second and third
dielectric layers 20 24 28 ) can be deposited in a single chanber or the
ALD.t ool without tran¥desprefecablyowetfomms light dopedrbmrse arfdodraimxagipheadjadent flier st |
second and third dielectric |layers 20 24 28 can be fornmed in-situ using

atomc | M@Etrd@@t@ih&lieﬁ%bét@d&@)O.DVIQféQi‘gﬁﬁﬁ dopdiEscleRasididrainSegians epResikly med
in t-he sanme chanber w thout renoving the wafer(s). For exanple, an ALD tool

by gZh?Jngﬁégégﬂorfggthdltfgﬁ%R@éehQ@% andn E‘l'é%ﬂr‘z ﬁ%dIaL &Bﬁﬂ%?ﬁﬁﬁ& %]L?o@frgtle %Pﬁ'ace

suppl | _ _ ectric layer. Tables ow show er ent
prefer regetgv%gr?hmgﬁaog% gf the materials

Next, preferable, we form pocket implant regions 13 by implanting ions

having the opposite impurity type as the LLD regions 12 into the substrate 10 to form pocket
implant regions 18 The pocket implants 13 can be preferably formed by implanting Boron ions
15  atan energy between 5 and 25 KeV, at a dose between 1E13 and 1E14 cm to form a pocket
implant region 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 LLD 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



the first, second and third dielectric |layers 20 24 28 can be forned.
11 Table A - Option 1 - Conpositions for 1St , 2"a and 3°d dielectric
| ayers and the etch chemi stries. LayerMaterialetch chem strylSt dielectric
| ayer 20Si 02Hf 2" di el ectric |ayer 24A12033  dielectric |ayer 28Si Q2CHF4
Table B - Option 2: Conpositions for 1t , 2"a and 3 a dielectric |ayers
LayerMateriall S dielectric layer 20H 02, Zro22" dielectric |ayer 24Si 023

di el ect rygp kaysfe f%wingtri%n&}%r ?re-félgtl% formed Rl BRnSratfr® M 500CS Hathiuhs !
2"d and 3 ' d dielectric layers LayerMateriall S 8I electric l[ayer 20SI Q22"

dielectric.layer 24Si N3' di.electric laver. .28S 02 ...12 Table D = tion 4:
Conposi (oSG gk th 3 A1) Bield oo B e iogioh and A3ufirRp Lo liehs:
dielectric |layer 20Hf 022" dielectric |ayer 24A12033 djelectric |ayer

28Hf 02 As shown in FHloemgore preferrederabadimsnt the firsediglgetrigdayer 20 i enmaprised of ¢
| ayer 28 to form a di sposabl e spacer 30 over the second dielectric |ayer
24. 5 Thslieom coda fopned by ah apnst dayablsposition (AL.DBt pdoceds pnifetably wsirtgh a
selectivity greater than 10 between the third dielectric layer 28 to the

secorsd diefhi6dyahstesiRNE(TRER) ah@ iwatet AAIR0)E THeTrstediélBitFid 14liee D@ @idférﬁblzax‘ﬁe B
conprised of Si02 and a second dielectric |ayer conprised of A1203, the

ani sot 1 offl kGl it A LABLY SHREPIRNACTPIL SRERLRLIK IEATRL hRdlal]. itk o1

CHF3 to achieve a selectivity greater tha et ween t Ielectric
| ayer to, the 10 secon jelectric layer 24. The di sposabl pager

br o er abjejhrzdirs Gaicry HORHC wal iebanlE R taisrabivg brberoR n 200H0 R “bdpugen
about 500 and 2000 A. As shown in FIGURE 3, we etch the second dielectric
| ayer 24timadetveenB00 gnd dP@pesonds. cThiggentrass with hBCVRepraresp thad btecpesfosmed at30
as a mask to formtop 24A and bottom 20A 15 L-shaped spacers. Preferably

t he et chtehfpeiurab&Mice®POTaet 200 °THurs thh€bett@en D@ avd 40vmimite etch with
etchants selective to the materials of the second and first dielectric

| ayefe. 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., Al30,) formed by an atomic layer deposition (ALD) or ALCVD
process using trimethyaluminum (TMA), ozone and water (H,0) 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 a atomic layer

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



As shown in FIGURE 4, we renove the di sposabl e spacer 30. The renoval of

t he di sposabl e spacer 30 is preferably perfornmed using a etch selective to
the material of the disposable spacer with the material of the top L-shaped
13 spacer 24A. For exanple for a disposable spacer 30 made of Si02 , HF can
be used to renove the di sposabl e spager and not etch the underlying top
spacer 24A made of A1302 . The etches for the third, second and first

di el ect r dniuay®ide MO, Neinehiler dEak (2203) t The thid délekric dyebe8ds Préférablst ep
etch, such as a one, two or three step etch. 5 As shown in FIGURE 5, we

for m SOUeRRch bkl EhAAZ AN alPich A ORi0th BoLiOmdo hingd

spacers. e sour and draln regions are prefera ornmed using an

i npl ant progcess,. ,The source.a rai pn.neqions. 36 ef erably are doped with

ne’ e ThOBER s B SRRy B iR R B AR K oms 1 or P For i ng

L 10 shaped spacers with the foll ow hg_ advanta 'eiid' Very | ow t hermg| budget
1

since all three di el éegmereprsfared gpodimsnts thedhirg didlectrlayer 488 pedeghlysooc.

The inventors have found that as design rules shrink below 0.1 Vim it is
i mpors ancomprised oisidicomexitlbdormadd byua gemiaiayer ddapoBitian dApY kpedssplThathist eps
in order to achieve high device performance. Al so, the inventors have found

that deviieRcRRARI PGEDrdierably REERTIANE tdFRatiRNBétie¥r 200 akdMH® G ertieahird
resi stance. The ‘enbodi nents' | ow t hernal budget does not inpact the LDD s

dopi ng pr.ofile,. unlike nvienti onal, pr.o wiih hi. roal b ets.
Tho. 1 nveliEiskutiatd 28 EpERMaR R BTGRP s e PURLELLOT SR T o1
rules less than 0.1 Vi e spacer,_w dth ca e . controlled to nearly

at omi ¢ IW@%SOW"’@E‘F%‘?%H?JB@@%@ water ( @@e&rg)@gggogﬁom | ayer by layer with
an accuracy of about 5 A The LLD resistance can be better controlled
because the spacer wikirias Addd piasessdor silicemexidel thesilioen sayreene.-g nvention' s

L- shaped spacer process and ALD depositions. 14
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.



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

| ess equi prent foot space and reduce equi pnent cost. The spacer film stack
formed by the ALD process is very conformal . 5 0 The enbodi ment's atomc
| ayer deposition (ALD) process useq t® formspacers, can grow filnms with
preci se thickness control. This is lan advant age because it provi des good
gapfill for closely apaned cgabeasedibdepbsitdvpfety dtmapdalsiacivding Iahiaad t he
source/drain extensions (LLD) series resistance and hence the drive

current .yl ¢om B&lﬂ%ﬂmlﬁi@ﬂﬁ? e%%?aﬁ $ilfe8h Wilicon! dl&hﬁg abd'ieBPBKiASs ARf Ween

cl osely spaced gates I'inés Wil e the invention has been particul arly

o | B aEbeE %&ﬁ"’b@lﬁtﬁséif R R TR %cﬁi dhoci

form and detail be made tqub ?epartl fron1the splr d scope of
t he i nvehiqpmeta f’or}S ityept wich ey G & g1 379¢ C%‘Eﬂ‘%l’é e ‘B?Fé § F?ﬁop‘g
arrangenents and procedures, and the scope of the appended clains therefore
shoul5d benametal. dBrt filsepwWsodaposits 4 metal peattzininglays and theseernslommsasactawithsuch
nodi fications and simlar arrangenents and 20 procedures. 15 What is

cl ai med that layler té\orei Hesingibtef fithr ofaastalookidd ollmstabpierdides Bad@r feactanéts react
sem conductor device, conprising the steps of a) providing a gate structure

over a SyRah&AlSyittthe sQftath whith fikdy &84 &hd kichl rRY&TonQY §4If ﬁl%!tﬁldgg Ths,
structure and sald substrate; said first dielectric |ayer formed using an

REHERE o T R e R yﬁgmghﬁks b higyer over

said fir’s rlc Seco orne usi ng an

atomc |la ep05|t| n proce or n ird di |c | ayer over
said secEiy Ryious éPIBB‘PSrSlbge p ﬁ%"&isd E‘[W i Gonfrg; g?éf ﬂ%&lo&g[aﬁfﬁr an
atom c | ayer deposition process; e) etchi n? sal d third dielectric |ayer to
f or m0a dsoiquba@p@tm@esongyﬂjtygwﬁﬁhas 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
28 ) can be deposited in a single chamber or the ALD tool without transferring to other

15  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
Genus, INC. or ASM International can used. Different reactants are supplied for each

20  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.



di el ect

and said first dielectric |ayer

ric |layer;

usi ng sa

forma top and a bottom Lshaped spacer;

spacer.

2. The nethod of claim1l wherein at

f) anisotropically etching said second dielectric |ayer

i d di sposabl e spacer as a mask to
and g) renoving said di sposabl e
| east two gate structures are

provi ded; and top and bottom L-shapgd spacers are fornmed on said gate

structu

res;
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0.9 Vi m Tabld & TOptiort h@bnafositions forll vt £idr3t dielestiiengyess arfdohsiert sai d fir st

di el ect

| ayer ar ghdpgkikigsmed in-situ using an atom c | ayer chem cal
4. The method of clain11 mherein said first dielectric

(ALCVD)
| ayer i
conpris
of silig
| ayer i5

haf ni um

conpris
sel ecte
The net
mat eri a
oxi de,

group c¢
clainll
second
in-situ
said fifr
second
third d
nmet hod
first d

ric |layer,

process.

said second dielectric layer and said third dielectric

vapor deposition

;{j&}g#pri sed—of—sit+iq

al um num oxi d
-1

c@‘ﬁ{?f“?r%laywma mat

oxi de and zirconi ur

, Maiefial
aial

n oxi de,

U)(I de—sat

sai d ;h

sel ect €

sai d

e unu u.cuectric | ayer is
|?§P§h iic layer is conprised
L4rmheLeLn_said first dielectric
Hf rom t he gtoup consisting of
second dieleg¢tric layer is

M alielsdttic tayer 24 de;
d fromthe group cor

Apd; sai d thi

sisting of hafnium oxide and zirconi um oxi de.

rd dielectri¢ layer is a material
6.

N9d dRilectli@lafRrgvher g
selected fromthe

igiosal d 11Tt
group consi st

diel ggigq ¢ Tlayer is conprised of a
ing of hafniun1oxide and zirconi um

Y HB“ gt é

di pl PPIIJ c_layer

Sard—second—dietectric tayer
sai d thlrd dlelectrlc | ayer is conprlsed of a materi al

i R 2Bend f

ni um,Qxi

ﬁ%‘%?‘“‘?‘%?r

Ibb

sai d thlrd d

onprised—of—al um num oxi de; and
selected fromthe
um oxi de. 7. The net hod of

diglecificlagems, i ¢ | ayer, said
ielectric layer are perforned

Leyaig a atom c Iaye
st dielectric |ayer
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3" dielectric layer 28 HfO,, ZrO,

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

Layer Material
1* dielectric layer 20 SiO,

2" dielectric layer 24 SiN

3" dielectric layer 28 Si0;




17 formng |light doped source and drain regions adjacent said gate
structure in said substrate. 9. The nethod of claim21 which further

i ncludes: formng source and drain regions adjacent to said top and bottom
L- shaped spacers and form ng a pocket inplant in said substrate. 10. The
met hod of claim1 wherein said gate structure conprised of a gate
dielectric layer and an overlying gatig; said gate dielectric |ayer is
conprised of silicon oxide; said gate dielectric |ayer has a thickness
between 8 and 50 A; said gate is conprised of polysilicon, said gate has a

wi dt h of pee 1 m a hei ght between
about 1OB%§and QB@%Pi C%B&fﬁ&gm{ﬁ ‘d?]ogn&?g e@e%ttr\%qﬂ?el n said first

di el ect He—tayer—forrmed-byran—atqm-ec—tlayer deposition (ALD) process using
tetraisp @§ﬁate5|lane (Tlcfiﬂﬁﬂﬁﬁmater ((H20), and said first dielectric

| ayer conprised of oxide; gaid first diglectric |layer has a thickness of
bet ween| Bbdiglec© layed 2000 A;| HfB2d first dielectric layer formed at a

t enper at ure between about 200 and 400 C.}| 12. The nmethod of claim 1l wherein
sai d fif3¥ diileteckyec2d ayern Algogconprised of a material selected fromthe
group con5|st|ng of oxi de, (haf ni um oxi dg (H 02), and zirconi um oxi de
(Zr02), T Na thicknesy of between about 50 and 200 A
said fiyf %lé"frgczl? éra%eayer tggrzmad at a t enper ature bel ow 500C . 13 The

met hod b%—e%arﬁfidwk ei-fA—sai contdielectric, | a f.0

atom c | ayer deposi tl‘%ﬁ“lSh(o ‘F}BGQB&%%% 'Eoﬂ’?cﬁgf’ﬁi}i h‘?‘rﬁ?ﬁﬁlrd‘? aé’ﬁﬁlzs
ozone and water (H20) and said second diel ectrl c layer conprised of

al um nuntodRra e dispesable spaserdd tioer dast serend digleetricdayesddat a t enperature

bet ween 400 and 450C. 18 14. The nethod of claim1 wherein said third

dielectric |ayer for e anjsofropic@tdhcprefeysbly deep @ ietdhathehtD)with @ selsdtivityi ng
tetrai socyanatesilane (TICS) and water; said third dielectric |ayer

conpr i segregfer ahde.befiided thdrinid diéleétﬁeuefyeﬁzg ay@e stndriklédrialdyenper at ure
bet ween 200 and

For example, for a third dielectric layer comprised of SiO, and a second dielectric layer

comprised of Al,Os, the anisotropic etch preferably uses an etch chemistry comprised of CF4,
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 etch 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 a

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



400C. -15. The method of claim 1l wherein said third dielectric |ayer formed
by a atom c | ayer deposition (ALD) process, said third dielectric |ayer
conpri sed of oxide, hafnium oxide, zirconiumoxide ; said third dielectric

| ayer fornmed at a tenperature between 200 and 400 C. 16. The met hod of
claim 1l wherein said disposable spat®r has a width of between about 300 and
700 A and a hei ght between about 50 and 1500 A 17. The nethod of claim1l
wher ei n spacad 24 At e For exenple doraandispsaalsle spaver 80 chade of Sy, Hle cdrebeeusad de singyve
rule less than 0.1 um 18. A nethod of fabrication of L shaped spacers in a

sem condyg iRposiBle spBeer GAARGI &tEthetnBerdyiftP fordpacd24 ANiSbNALL8, Jat e
structure over a substrate, (1) said gaté structure conprised of a gate
k

di el ectric layer and c—rﬁg efhEL h% ﬁlagﬂlgﬁt &éoﬁcﬂi%dsfz{sﬁdigfé%fiich er§ e 6{%%111860

bet ween about 0.1 an um and sald gate ha erg between a
and 3000. A, b), form ng |ight.doped, soufce and drain, regjons. adjacent said
Gat o st ikt £ SEL gattbes bl SR Ecn SshEs Rg g dhier S6p Hitol ot rc | ayer
over said gate dielectric layer and said substrate; (1) said first
diel 8ctric |ayer fordsshpynah FHKEYREDS. weylorm sepse pnd drpiq memns goedissent to the
said first dielectric layer conprised of silicon oxide; said first |ayer
has a t htoplané bsttah [bstapedspaatrsLifhe Edrarmid2Bainfregipnsat grdfenably fdrméduading an
| ayer forned at a tenperature bel ow 500C ; d) form ng a second dielectric
| ayer ovgipl&iptodesd. st dielectric layer; ( 1) said second dielectric |ayer
formed by an atomic |ayer deposition (ALD) process; and said second
dielectric layer comife§§0c@bnd drain regions 36 preferably are doped with As.
The preferred embodiments of the invention provide methods for forming L-
-10 shaped spacers with the following advantages:
[0 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 pum, it is

important to reduce the thermal budget after LDD and pocket implant steps in order to

achieve high device performance. Also, the inventors have found that device performance

15 is becoming more sensitive to LDD’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.
O The spacer width can be controlled to nearly atomic layer precision because the ALD
20 process grows layer by layer with an accuracy of about 5 A,
0 The LLD resistance can be better controlled because the spacer widths can be better

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



al um num oxi de; said second dielectric layer fornmed at a tenperature

bet ween 400 and 450C, e) formng a third dielectric |ayer over said second

dielectric layer; (1) said third dielectric layer formed by a atom c | ayer

deposition~{ALD) process; said third dielectric |layer conprised of silicon;
said third dielectric layer formed at .g,'terrperature bet ween 200 and 400 C

f) anisotropically etching said third dielectric layer to forma di sposabl e
spacer on Sae@psRe sack ﬁgeﬂsqs.g.r, ifigst] R¥EMd arldlthird AlcletiSROSRPEM SPREDIMBA &

wi dt h of between about 300 and 700 ~ and a hei ght between about 800 and

2000 A 20 e : . . ' . .
dielectri c%f%ee(?{aﬁ{sqegg’@g?ﬂr%?%g%ﬁsg l?%&é%gérés g@'Xlg r?g{s]% O?%Ja? %éﬁn%{ I;eh}tl%ep and a

bottom L-shaped spacer; h) renoving said di sposabl e spacer; (1) the renoval
of said di §ﬂ§]§’§}§fl C®bacer is performed using a etch selective to the
material of said di sposabl e spacer with the material of said top L-shaped
spacer: H) Thssaagey fikmsiack fermeddiyahe ALdYypwsessasyayeanformakai d top and bottom
L- shaped spacers. 19. A nethod of fabrication of L shaped spacers in a

seni condicthe edboidiregnt songmicdayey deprasitiine(@d. 1Y proedss psaivio domy spacegas ean grow
structure over a substrate, (1) said gate structure conprised of a gate

di el ectri c fllagevittagrdcisnthiokaessydoRGoldahey is GRhdatdbe batsd itrewlied g‘oddagﬁn@ﬁll
conprised of oxide; (b) said gate dielectric |ayer has a thickness between

8 and 50 A f Q) kshc8@bged S conprised of polysilicon; said gate has a
wi dt h of be?v\eesne?gg%ﬁ g.i'and 2 um and said gate has a hei ght between

about 1000 .and .3000 b) form.ng.light doped.source a rai n regi.ons
oo mcent Do bt oty kR er Ge o EP R e B F) SPesl BdhRR and
dielectric |ayer over said gate dielectric |ayer and said

hence the drive current.

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

polylines

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.



substrat e; 22 g) etching said second dielectric |layer and said first
dielectric |layer using said disposable spacer as a mask to forma top and a
bott om L- shaped spacer; h) renoving said disposable spacer; ( 1) the
removal of said disposable spacer is perfornmed using a etch selective to
the material of said disposable spacer with the material of said top

L- shaped spacer; i) formng source atfd drain regions adjacent to said top
and bottom L-shaped spacers. 20. The nmethod of claim 19 wherein at | east
two gate structures are provided; and top and bottom L-shaped spacers are
formed on said gate structures; a space between adj acent gate structures is

bet ween &0 .umto.,0.9 Vim .Ay2
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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.
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chemical vapor deposition (ALCVD) process.

4. The method of claim 1 wherein said first dielectric layer is comprised of silicon oxide, said
second dielectric layer is comprised of aluminum oxide, and said third dielectric layer is
comprised of silicon oxide.

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 silicon oxide; and said third dielectric layer is a material selected from
the group consisting of hafnium oxide and zirconium oxide.

6. 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.

7. 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 a 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.

8. The method of claim 1 which further includes before the step of forming said first dielectric

layer,
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10. The method of claim 1 wherein said gate structure comprised of a gate dielectric layer and an
overlying gate; said gate dielectric layer is comprised of silicon oxide; said gate dielectric
layer has a thickness between 8 and 50 A; said gate is comprised of polysilicon, said gate
has a width of between about 0.01 and 2 um and said gate has a height between about 1000
and 3000 A.

11. The method of claim 1 wherein said first dielectric layer formed by an atomic layer deposition
(ALD) process using tetraisocyanatesilane (TICS) and water (H,0), 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
Ce.

12. 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 (ZrO,),
said first layer has a thickness of between about 50 and 200 A; said first dielectric layer
formed at a temperature below 500°C .

13. The method of claim 1 wherein said second dielectric layer is formed by an atomic layer
deposition (ALD) process using trimethyaluminum (TMA) and ozone and water (H,0) and
said second dielectric layer comprised of aluminum oxide, said second dielectric layer

formed at a temperature between 400 and 450°C.
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15. The method of claim 1 wherein said third dielectric layer formed by a atomic layer deposition
(ALD) process, said third dielectric layer comprised of oxide, hafnium oxide, zirconium
oxide ; said third dielectric layer formed at a temperature between 200 and 400 °C.

16. 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.

17. The method of claim 1 wherein said gate structure and said semiconductor device have a

design rule less than 0.1 pm.

18. A method of fabrication of L shaped spacers in a semiconductor device, comprising the steps
of:
a) providing a gate structure over a substrate,
(1) said gate structure comprised of a gate dielectric layer and an
overlying gate;
(a) said gate has a width of between about 0.1 and 2
pm and said gate has a height between about 1000
and 3000 A;
b) forming light doped source and drain regions adjacent said gate structure in

said substrate;
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below 500°C ;

d) forming a second dielectric layer over said first dielectric layer;
(1) said second dielectric layer formed by an atomic layer deposition
(ALD) process; and said second dielectric layer comprised of
aluminum oxide; said second dielectric layer formed at a
temperature between 400 and 450°C;
e) forming a third dielectric layer over said second dielectric layer;
(1) said third dielectric layer formed by a atomic layer deposition
(ALD) process; said third dielectric layer comprised of silicon;
said third dielectric layer formed at a temperature between 200
and 400 °C;
f)  anisotropically etching said third dielectric layer to form a disposable spacer
on said second dielectric layer;
(1) said disposable spacer has a width of between about 300 and 700

A and a height between about 800 and 2000 A;



wpx10%se! s& ()-px1l0%e! s& ()-1 wx1l0%e! s& ()-px1l0%e! s& () -

| &8z 10%se! s& () - 3<<<<====pX=| px10%se! s& ()-x wpx1l0%e! s& ()-px10%e! s& ()-X
wpx10%se! s& () - px1l0%e! s& ()-=e===N>>?|[: =l LF#10%& ()- 9s!10%9& ()- 9
1090& ()- YMBLO%WO& ()- 910%W& ()- F ylO0W& ()-? ???2?D@[: =l L@#L10%& ()-

| *1099& ()- L' mO0%& ()- | %l0%w&q)- #: 109%& () -

Ls!t! 1098& () - @\V. 687 8B9B| | NA41 94.0% 0 410 -
210904& () - L010W«S lftﬁiselﬁbzﬁﬁc?f)do ‘Q%EB@B @@CFP& Rﬂﬁ%s(‘ ﬁy Sgl@g said
1098& ()- F SnTLOW& () 8&109%& ()- 9" $109& () -

s109%9&' () - C2DCDDDDTE| [diskogable spacerGeqougask ty forg1 @ tapgand)a boitony hoh@ped)spacer;
1098& ()- 9" 10%& ()- 9#109& ()- TEEFYFFE G [: NA410 )!10%8& ()- 'z
1098&' ()- | Y%$109%0@&) () rert@iangd 8@ @isppsabl! sphOSYR’ ()

10984& () - [ GBGHeHHHHH| [ NA41094.0%4.0% 410%&' ()- | 29! 1098& ()- 90z109%& () -

a’ 3. 1104 A& ()- , 109%& ()(1b*kﬂier}lsﬂnb%l[oflélﬁﬂ%@sf\és@ﬂi’e/@ﬂ%%e&s rfoﬂé?edl&(%&&et(c
1006 E& & ()- s 10% E& & ()- e9F#10%E&S! 0% E& & ()-JzJJJ NA410

)
10% E& & ()- 0Sg#10% E& & &
SlO‘V E& & 8 j KKErrLL MM [ I\L(A)4 C}‘g‘/%/%ﬁ‘g%@? La%g@g‘%bg&“’&%rj‘%é e &0
“Y#10% E& & ()- L' "10% E& & () - % F& %Oé}%@gk acer
y#10% E& & () - MVWWIMVMWNNV U4 F (S4d tog DR fHacely 310%<&& ()
109k && ()-10 E& 10" E& 10" E& sOlocV E& & () - N<NN- CoOOP)| S 1098" & &)
sl &10% k& & ()-m k] &fomsing s@ureq and disingepmnk adigeqy toai o(tpm&L shape

@O% ()-&UPGPPQ QQ [:vU4 0-109K&& ()- f,109K&& ()- ' 3109K&& () -
Sf#100K&8& ()- GSf#10%sfhdeys. S 109%&& () - QORRRRRXRRVU4 Fs! 10% %& () -
1 109% % ()- 10% % ()- 10k&1OK&IOK& | 4109%K&& () - 25109%K&& () - RSaSSSOTT|[: v

F&! 1098 Y84 fkethod of Ebcod df L Eitapbd %S@rs(ﬂm £hﬁ&b%ﬂ%(&o£ devitd, co&%ﬂ%ﬁ%@h& steps

F@S10% % () - TT, UKW [ : vU4  Y#Z10% %& () - 10% %& () - Y! 10% U&

| t$10% 9&' ()- Ff 10%%& () Y9" 10% %& () - WWI V\Y/\Y/\EXX|[ vU4 25$10%%& ()

Y/ g10% %& (J-  Y-"10% 9%& ()- | +! 10%cy&() Y)llo%fy&()

UH10% Y& () - nYvL4 $100 A& ()- 3 310% W& ()-

3100/(;/"0/9/& () - 10r %for RV ISR 8 /os “t‘% g%“’éﬁm v YL0W %y & () -
10% "% & ()- YG 10%”\%’& () OW W& ()- 3%OW" W& ()- Y -

10%’"%’& ()-DI[VIV\W ]I VLﬁ)S@@%%MWWWMPW4WW@L‘{%}&“}° layer and an

| & " 100 % & ()- | 1109 %& ()- | #10% %y& () -

WOy & ()-1r]1]1P " [:vU4A opBlyl@gaiey & ()- 0" 10% "Wy & ()  HLOW W& () -

S, 10% & ()- )1 100 & ()- ' 110w W& ()-~* _+_, - 0__ B vU4

Y@ 109 K% & () - Y!'10% KA & () - @9 Kdpdte dielectric layer comprised of oxide;
10% KIA & () - 10y" /10y~ %10y 0y S10%70& ()-B'1 aviaa[: Vs

| "nl0% K & ()- Y%0% KW & ()- | 0
4. 0% Kog & (§ ? Y 10% K% & (Q a @)]dbjg géffcfgéft%mlehecg ﬁ(ﬁa%agtghckness between 8

£ 10% K% & ()- | % and 50 As

(c) said gate is comprised of polysilicon; said gate has
a width of between about 0.1 and 2 um and said
gate has a height between about 1000 and 3000 A;
b) forming light doped source and drain regions adjacent said gate structure in
said substrate;
c¢) forming a first dielectric layer over said gate dielectric layer and said

substrate;
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" #3%80. (Themethod b2 3ARE 19Wherein at least two gate structures are provided;
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and top and bottom L-shaped spacers are formed on said gate structures;

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



