;noe3de YB'V.6TB=D 9 0 DEC 200. A NOVEL METHOD OF FORM NG SPACEES Cﬁ 9
MULTI PLE W DTHS BACKGROUND OF THE I NVENTION (1) Field of the | 8n Egn uﬁﬁe
invention generally relates to an interconnection process used in

sem conduct or manufacturing and, nore particularly, :to a nmethod of formng

di fferent w | |..s ers in the fabrication of integrated circuits.
(2) Descri %%@%#WPDAggcﬁquﬁfﬁQ@S AFCYISH. TWPBEEVIRIE BRI t ect'ures, it
is necessary to use ultra-shallow lightly doped source and drain extension
(LDD) regions. Low energy ion inplantation is ypically used to form LDD
regions in the substrate adjacent to the gate structure. Spacers are then
forned on the sidewal k BACKERQIANE. OF TEIBPACENTIQROt ect t he channel and LDD
regi ons 'froma subsequent higher-dose inplantation used to formthe MOSFET
'source and drain (S/D). Referring nowto Fig. 1, showng in cross section
the prior art of spacer formation, a substrate 10 is provided. The

substr &t 1Fiehyf e Ma@hfiod Of p type wells, devices, junctions, and other
features (not shown) forned prior to deposition and patterning of the gate
oxide 12 and silicon gate 14. The patterned gate oxide 12 and 30 DEC
2004. silicon gate 14 formthe gate structure of the MOS transistor. A |ow

energy i npl Qi to create the LDD regions 16. A spacer
oxi de | ayer @%%%}dg t de%ng%g%gﬂ;l%{g%toc%lvnel{ef(f?ém?%’@né’ﬁ?‘?eéﬁ'éggegfm both the gate

struct . n he exposed substrate 10. Referring now to Fig. 2, the
spacer léérﬁllcééé\?cgof g’rrnaqugacﬁgmg é’f’@i rﬁ?rle)Paglcélﬁ’é'éf’ iaspethad g farming dfferene spacer

oxi de | a% réﬂl‘s"ﬂﬂ[ emai ns al ong.the sidewalls of the gate structure |2/14

f or mi-ng" tg‘& W4 gpacersin therfabrisatipe of intrgrajed eircultssubsequent i npl ant ati on (not

~shown) creating the nore heavily doped source and drain (S/D) regions 20 is
masked by the sidewal |l spacers.

(2)  Description of Prior Art

In sub-quarter-micron MOSFET architectures, it is necessary to use ultra—éhallow
lightly doped source and drain extension (LDD) regions. Low energy ion implantation is
typically used to form LDD regions in the substrate adjacent to the gate structure.
Spacers are then formed on the sidewalls of the gate. The spacers protect the channel and

LDD regions from a subsequent higher-dose implantation used to form the MOSFET

source and drain (S/D).

+

Referring now to Fig. 1, showing in cross section the prior art of spacer
formation, a substrate 10 is provided.. The substrate 10 may contain n or p type wells,
devices, junctions, and other features (not shown) formed prior to deposition and

patterning of the gate oxide 12 and silicon gate 14. The patterned gate oxide 12 and




In-order to mx transistors fromdifferent process technol ogi es3%r m@
different operating voltages, it is desirable to have different LDB i %s
for PMOS and NMOS transistors. The width of the LDD region is typically
controlled by the width of the gate sidewall spacers. Qher approaches for
form ng,.differ spacer, W dt hs 'S . S. .Patent 5,021354 to Pfiester

t eac he%h%mngélf%gﬂ%omgﬁe g%ﬁ&“%fﬂ‘?afﬁf‘%"g@#“@‘&ﬁt% if’oi?“f Fep% WRaHHIoN: 1 egi ons
with djfferent, dopant form spacers of differing widths. U S Patent

5, 405, ‘?g’frt{”an%?ﬁéﬂeaé? ﬁ?lﬁ)]@é%&é%slsa %P%ﬁomlﬁéefé%uakhem@p%i@éacer s are
formed. The PMOS device is then masked and an n+ source/drain (S/ D)

i mpl ant®MerBg thesupfagd ofrhosle thergatchasrvDs 1 3@ ¢ iané the Fixposeskbitemte Bdroved and
addi-ti onal oxide is deposited. The NMOS device is then masked and the oxide
etched to formthe optinmal spacer width on the PMOS device. A p+

i npl antation then forns the S/D regions in the PMOS device. The spacers are
“then renoveRefnthd Mav td Bigt 2 \thel oRRE: S8 BehdRal PartikBr Lt K051 ops are

i npl anted. Unfortunately, the Ahmad invention cannot be adapted to a self

al | gnegortioR G MEGPAQR bxidsildyef | 8 Gerk R élf&gdfﬁé sﬁ@%@ﬂ%ﬁﬁﬁé ORc REOGERS since the

conpl eted device has a covering of silicon nitri In"addition, it has the

Pus o caarity e AR EEIR B TR (PRl RGN o 1o
Cpacer S GDerd Rk datiert Rl BBl ST TaR BRI R aBie A skt B s

. advant ?}%Ssé(?f tlhe 8.1 ratio of oxide growh over n+ and p+ regions,

‘T espec aallPRaceEki de is grown and then etched, |eaving spacers only
along the n+ doped sidewalls. U S. Patent 5,786,247 to Chang et al. teaches
a nmet hod where spacers are forned in separate steps over the NMOS and PMOS
regions allow ng individual adjustment of the LDD profiles. U S: Patent

5, 691, 238rdeotorix traaishves framndififrest mbesse tdthidlbgles 6apSh aRrdn0 bp&aHQVer

sel ected devices. The surface is covered with oxide, which is then etched,

al | owi Releseb e kidéGrdbfDol it aferdnk 2D SIARYPHOT by ANVENEL LD APr | nci pal

obj ect of the present invention is to provide a proc ows the
format i AN .50 el i A er...obj ect..of t-he present

i nvent :I?}E Vﬁétht%g pr o%P\é\%élgn%e%%%ﬁ{%a oﬂéecpd]§ A Qﬁ%@ or];‘al}?o%a&e Sfe¥#bcess steps

r equi resd Lo f(9 ms aceﬁs f.different w dths.. r;s 3 %éDEC 200. Anot her

obj ect “B¥the %?re ENTAC hfqrayipg Gtersntsracar taA%s fget de SoP 2Bl mi ng di f f er ent
w dth spacers allow ng optim zati on of MOSFET device characteristics by

adj ust mett! ot ta hestaptraches pmeihed that takes ivantaganbraraatiooly) exidation athe present
invention is to provide a nethod of form ng spacers where the width of the
spacer gegignseih fifferaph tepanksete. forin epdvers afldjfiring ofidthheUs. @aemt 5j40§00tion is to
provi de a process of formng different width spacers where the difference

i n si zeo @thmaddet ahaaelics a method vhele! caahiowidth sphidrt adeUpinher TRj@gDgof the
present invention is to provide a nethod of formng different spacer w dths

on MOS ddeitk &afer MEGRARAS A nPhobidE/dARY [FD) i REnt&RYES pofto MV the |

NMOS &evice. The mask is removed and additional oxide is deposited. The NMOS
device is then masked and the oxide etched to form the‘ optimal spacer width on the
PMOS device. A pt+ implantation then forms the S/D regions in the PMOS device. The
spacers are then removed and the lightly doped source/dréin (LDD) extensions are

‘Implanted. Unfortunately, the Ahmad invention cannot be adapted to a self-aligned




A still further object of the present invention is a process of_ praovidin
-di ff.erent spacer wi dths on MOS devices which is conpatible wi t 3 ﬂeﬁEC Zﬁﬂ%,
aligned silicide (salicide) netalization processing. These objects are
achi eved using a process where the gate structure, conprising a gate
dielectric covered by a gate electrode, is fornmed by conventi onal

t echni gilieide (gabicide) reerbidarian eroches sirEp kRNt AMIGRd Héﬁ&%és%reaggrﬂﬁooﬁ orm LDD-
regions in the substrate not protected by the gate structure. The exposed

‘subst r aflieordnicHidgatia a8&itivE AR (B Bmiheh GO s | psul ating |iner
| ayer and an etch stop layer. Athin spa\élg{ﬁ%ﬁg[d}égﬁg%éﬁmls%ac% S 30 DEC

2004 depewkh plMovahd PReney t I : ere thicker spacers are
desired are nasked and theeﬂ%%hgggdﬁ%%gcsé@lﬁé\éml ?éiFh@IS?rP%tH‘b‘ged. The mask

I's theRpgifi i{d onal .spacer qxide layer is grown over the
surf ace. Th{eoojgglgﬁ?}té@ég?@g%%ggkﬂer RYEG aB‘?(F%Fganrt BHOT R fopmaing thsr ot ect ed by

the ma ri e Vi hing. The spacer oxide |layer is then
ani sot ?‘%ﬁ?’ga@g' %%18?{%&\‘(’]0% tﬁ?"@ﬁéﬁ% g?ﬁ@h%ﬂ Fometheh thag takes ad dotegt b§theThe
spacer g.ar wi.der in the areas wWith the thicker oxide. The process

cont i n(&'s™hY °EPEHE &P ° Fpad ihrogians. desppetivaint The atiée tsemloty ahdie spacers.
Adj ustggeglt of the spacer width is acconplished by varying the total

t hi ckn&¥S chthefygavingpagers priratpngphe et dopiddaddvayier 5.5 Ajaas 57860 40%o t he-
difference in spacer width is controlled by the thickness of the first
spacer Coangiet dlepadiet & ontholhehdps quess atGosaBPNksd it dpRkaLE '&@«Ib?e '
substrate in areas not protected by the gate structure and sidewall spacers .

t0 1 or and MG tugtses ey il iy BRIEFo FESERIPTILEN CF) THE DRAWNGS [0 ¢ he

. acconpanyi ng drawings formng a naterial part 0 ?ﬁti on; there is
shown: 5999380 AN t&a Hx:bel Ly, Ll lustrati in cross-sectional
representat i on  ofthe Cigﬁldgr an%A‘Fyes%ﬁhdérm?%?fﬁz‘%ﬁ&?ﬂ.wsr S‘j@éﬁ 1C9904. Fi gs.

3 thro schematically i.llustrating in cross-sectional representation of
the pr ggg ﬁ‘?rf?"%\}se%‘%"ieﬁefﬁ‘. Wi, SIS o e ARE REDIENBODDIENTS. The
prefertred enhodi nent describes formation of sidewall spacers on gate
struct FFe2¥ARMal Is to be used to mask a subsequent source/drain (S/ D)

i npl antation. Wiile this enbodi nent describes spacers along the sidewalls

of a gate electrode, it wll
SUMMARY OF THE INVENTION

A principal object of the present invention is to provide a process that allows the

formation of spacers with different widths.

Another object of the present invention is to provide a method that reduces the

- number of process steps required to form spacers of different widths.




be understood by those skilled in the art that the invention Cﬁ] bﬁ &
‘extended to the formation of different width spacers on any st @t EQ m‘a :
sem conductor wafer. Referring now nore particularly to Fig: 3 where two
partially formed gate structures are represented. A substrate 30 is
provided with two partially fornmed MOS transistors 46 and 48 separated by
field oxide /8®theFlobjestuifshe pioserBthv@BYOCING BidVide ahetBod ¥PH MB!I S, devi ces,
junctions, and other features (not shown) formed prior to deposition and
pat t er niifigenfwitihepgakLalbvehesbihbaitz o QADANEYTI d6icd RS 34::A0, 35, and field
oxi de 33. The gate dielectric 32 nmay conprise one Or nore of 4 1i st
cont ai RURGnSnk bEGR 1P Cl&r: %ﬁ{ WAsRent oxi de, or titanium oxide. The
conducti{/tgt gates 34 ange%il%OSI$ y .conprise one or nore of a list containing
“silicon, polysilicon or conductive netal. The patterned gate dielectric 32
- and conductive gates 34' and 35 formthe gate structures 32/34 and 32/ 35 of
transi stor 4 %gﬁgeatns'tgt or 48, respectively. Separate inplantations (not
shown) form’the L Feﬁ_ hRreSgnt yepen 8 ip 819vides Bothad of fretinecireettby t he
gate struct res 2/@% and 32/ 35 30 DEC 2004. An insulating liner |ayer
36 conposeu SIS P TYE saslropelietd or grown overlying the gate
~structures 32/ 34 and 32/ 35 and the exposed surface of the substrate 30 to a
-t hi ckness of between about 50 to 200 Angstronms. This is achieved by thernal
oxi dation, |ow pressure chem cal vapor deposition (LPCVD), or pressure
enhanced chehiothdr obgpoof the prsért imven(RESEpiovilk £irbess bORhayer 38 conpri sed
of silicon nitride, or silicon oxynitride is then deposited overlying the
i nsul atdiffgenti width dpayees wBEe e LIBENR: i f between about
100 to 300 Angstrdgms. A first spacefhgﬁgg@féa%g%r%fg Qﬁgﬂgg%(l)egi ted overlying
the etch stop |layer 38 by LPCVD or PECVD to a thickness of between about
100 to 400 Angstrons. Photoresist is coated overlying the first spacer
"oxi de | ayer . hot.omas not shown,.is positioned over the photoresist.
The phot or es‘{iélgtt111 ﬁﬁf%%ﬂ%?g%éﬁeﬁﬁ& RYCRPPIRPPPYIgh & mpshasyef forming |
phot ol i £t hogr aphy, f. exanpl e, .and then devel oped to | eave a photoresi st
mask 4?‘%‘?7%‘?-“35?%@“[‘%&5 ??%Q?‘B‘Fesmem@@h@w‘m devies ype @MTSeorf i r st spacer
oxi de layer 40 is then etched away fromthe areas not protected by the
phot orégﬁ@ Jmask 42 usi ng wet etching. This exposes the etch stop | ayer 38
over transistor 46 as depicted in Fig: 4. Referring nowto Fig. 5, a second
spacer oxide |layer 44 is deposited overlying the surface of both transistor
46 and transistor 48 by LPCVD or PECVD to a thickness of between about 300

to 800 AngstA etiisfurfibieol5&s ORtheSRACST in9tAa id AYEK P04 sl d poui shabl e
fromthe first spacer oxide I?;?er 41(1)1 over tr nglesé?)gﬁ%‘g&gg!%% C 2004.

Ref er rigge [ . I . 0/44.1s, anisatropically

et ched %y eg%ﬂ%t?gﬁlt\%s gcé\irl%égg%&%%%mg@@%r) Eﬁ?ég%?ﬁ%géﬁﬂﬂqe%f%‘f’%ﬁianpl e, Wth
etch s I M er than 10:1 between the spacer oxide |ayer 40/44 and
the etc qu]%%ipﬁb‘f‘é‘&?g%*‘% Endpoi nt detection is determ ned when oxi de 40
over' the gate structures 32/34 of transistor 46 has been renoved. This is
foll owed by an in-situ over-etch using the sanme process to renove the

addi tional oxide 40/ 44 over the gate structures 32/35 of transistor 48.
This forms tHEsephkiewds aregehieyes wingeapriokess ovheter the ghstsondfirqrdmiprisingast or - 48.
Referring nowto Fig. 7, the exposed etch stop layer is etched away using a
pl asma gatedicletoc esserod bjna gateletuetro s, s RIMSFRY LorvetiodaFRlhnifuestupBhabY

conpl eting the spacer formation. Two different spacer widths (wand W are
shown ' aubdighté. Nan Shelewadid i t ey 32/ 35 of

transi stor 46 and I?tr ansi sf%&ﬁggﬁe(%ﬁeﬁ?@%%{eggﬁ? e@gﬁélé&%ﬁe%%dt hs between W
and w ( I Weeh ab 0.1t0.400 Angstrons. Referring now to Fig.
8, sepa%%egwi)jgﬁt?e %nt atlrghglﬁ%r?} 058‘}1.8%‘%#&5989,5%‘?#8?%56@6‘5 ¥estlor 46
and tr I t.0 create the source/drain (S/ D) contacts 50. As shown,

t he spg‘g@ iﬁwg’élfl%%&elfngﬁ; {W ?{eaéldtaﬂé:tqi’e%ﬂ? Y A HER SIeraddeday s is thener eby
facilitating adjustnment to the drain current characteristics of a MOS
device. Unlike previous nethods, the width of the spacers can be different
for transistors of the same type (PMOS, for exanple). This is illustrated
in Fig. 9, for exanple. It wll be ugderstood by those skilled in the art
that typically when building PMOS and NMOS transi stors (CMOS) one type of
transistor is built on the substrate, while the other is built 30 DEC
2004. on an n or p type well. In Fig. 9, PMOS transistors 46p and 48p are

built over an n-well or n-substrate 54, while NMOS transistors 46n and 48n ----

are built over a p-substrate or pwell 56. PMOS and NMOS transistors 46p and
46n, respectively, are built wth narrow spacers 44 while PMOS and NMOS
transistors 48p and 48n, respectively, are built with wde spacers 40/44.

A =, o e e A g A P ——— T S - ~ Y I



. away over said first gate struc

- have 1

Wi | e the invention has been particularly shown and descri bed 2§hh
‘reference to the preferred enbodi nents thereof, it wi | be und tggg mk
those skilled in the art that various changes in formand details may be

" made mﬁthout departing fromthe spirit and scope of the invention. Wat is
claineﬂ 30 DEC 2004. 1. A method of fabricating an integrated circuit
devi ce EBQ?HF@ eyvsidghe gielbvtonilaygr. aAenineoredhikar spaciys trealesitednirOiadiday a fir st
and second device structure on said sem conductor substrate; formng an

i nsul aﬁ“ﬁélelWﬁk@\ﬁ@ﬂﬁte}'|0mgleé@ed1sfremsf/e<hrfﬂnesrﬁmrl§ittﬁﬁ‘éﬂr§>9ec$E%&'\PE&H es and said
substrate not covered by said first and second devi ce structures;

deposi eiditou smicehoxidohybidygfoseyeldk YidGoal. ATROSULAL LGk Y fierdeposi ting a
- first oxide layer overlying said etch stop |ayer; patterning and etching

away s akideflldyes in R&dsPRote&¥E by AEH & V'C sLructur.
deposi ti nS gresecondqg?(tl de :bayer %S‘éldﬁgmgﬁgéj%rfebl ﬁ fF ip%@alcﬁ'&/%ﬁlgeand

vy ouor o FelopLaR o URl MR SR Bionil o Is@e o8 s ot 1 on of

said fi d second.oxide layer to said etch stop |ayer
t her eb;?Jt %}d?n?(!r?gﬁes%)%g@ﬂa ﬁ’gk‘f‘rh 45 o dfRPFECEcosHRyss by elchingrvaydbond devi ce

struct %ifc% V\,(f]ht%rel n.said spa grs on sidewal k of said second device structure
%erdl%ﬁ’ioé?midﬁ%ﬁ Fﬁ%acﬂsdtﬁ‘fil'é‘ﬁm§1§|® t@ﬂ@@ﬁféﬂdﬁh isi dewal k of said

first device structure; and
accomplished by varymg the total thickness of the etch stop and spacer oxide layers

Adjustment of the dlﬁ"erence In spacer width is controlled by the thickness of the first
spacer oxide deposition. The process is completed by implanting the substrate in areas

not protected by the gate structure and sidewall spacers to form the source and drain

(S/D).

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of this description, there is

shown:

Figs. 1 and 2 schematically illustrating in cross-sectional representation of the

- prior art of spacer formation.




etching away said etch stop layer not covered by said spacers to sage

i nsul ating | ayer thereby conpleting fabrication of said integr 84 'rgm&{
-device. 2. The nethod according to Claim1l wherein said first and second
devi ce structures are MOSFET gates conprising a gate el ectrode | ayer
overlying a gate oxide layer. to 30 DEC 2004. 3. The nethod according to
Clai m| whdtgs A thrgugh P sehematically illsjreting & crosspostichablepsistiteatim o thxi de
deposited or grown by thernal oxidation, |ow pressure chem cal vapor
deposimressnt fv@OUBR) , or pressure-enhanced chem cal vapor deposition (PECVD)
to a thickness of between about 50 to 200 Angstroms. 4. The met hod
according to Caiml wherein said etch stop layer is silicon nitride or
silicon oxynitride deposited by LPCVD or PECVD to a thickness of between
about 100 to 300 Angstronms. 5. The method according to Caim1 wherein said
first oxide layer and said second oxide |ayer are conposed of silicon

di oxi de.. 6. .The PRAQH tpkéggﬁq?; B8 Eﬂ?ﬁﬁf first oxide |ayer
i s deposited by ?Egggg%r PEE%%??% a thi g%ss O?E’e meé% about 100 to 400
Angstrons. 7. The nethod according to Caim21 wherein said second oxide

| ayer is deposited by LPCVD or PECVD to a thickness of between about 300 to
800 Angstrons. 8f The %gﬁg?d gccording to Caiml wherein said etching of
said first Y& #’&58}“ higsoubss dormation @€ siiexyal snagers an@2t ch st op | aye
is perfornmed by .dry etching using one of a group containing CQFs/Ar, :
CZF6/ Aftuchire sidepplisrto e tedeiodnask &l subsaquent pogrce/dradn (/Pammpientatitret ween sai d
first and second oxide |ayers and said etch stop |ayer. tt 30 DEC 2004.
9. TheWhit buslerbatmeitrigsdribeChpmicens hlonh ehedidevadls df e pehidgtavayt #fil said etch
stop layer is performed using a plasna etch process with a chem stry of

‘SFq/ HBEc @idestidH thodskild TR iHR0sk Bkt haiveid &9 R dALESIAKEd Circuit

devi ce conpri sing:

- formation of different width spacers on any structure on a semiconductor wafer.

Referring now more particularly to Fig. 3 where tw.o partially formed. gate
structures are represented; A substrate 30 is provided with two partially formed MOS
transistors 46 and 48 separated by field oxide 33. The substrate 30 may contain n or p
type wells, devices, junctions, and other featurés {(not shown) formed prior to deposition
and patterning of the gate dielectrié 32, conductive gates 34 and 35, and field oxide 33.
The gate dielectric 32 may comprise one or mdre of a list containing silicon oxide,_. '
tantalum pentoxide, or titanium oxide. The conductive gates 34 and 35 may comprise one
or more of a list containing silicon, polysilicon or COndl‘JCﬁVG metal. The patterned gate

- dielectric 32 and conductive gates 34 and 35 form the gate structures 32/34 and 32/35 of
transistor 46 and transistor 48, respectively. Separate implantations (not shown) form the..

LDD regions 31 in the substrate 30 not protected by the gate structures 32/34 and 32/35.




roviding a sem conductor substrate; providing a first and sec@n
gtruct urg on sai d sem conductor substrate; inplanting ions i nt% 8aﬁ§teﬂ]ﬂ§_
substrate not covered by said first and second gate structures to form
source/drain extensions; formng an insulating |ayer overlying said first
and second gate structures and said substrate not covered by said first and
secondg#selatng rer daves36 erepersed ohgilicon eddhis deppittdyegroswerieylying sai d
insulating |ayer; depositing a first oxide |ayer overlying said etch stop

| ayer ; the @aigateiundsrig/ nahdeX2¢THi angl theveyposed shirface st thexubieratay®io pverl yi ng said
first gate structure; depositing a second oxide |ayer overlying said first

oxi de thivkaéss afidetoren hyiud §OIAR00 AngEtrdhed PTHAKAEHWARN ) Bainth bkiigtogat e oxi de
| ayer has been etched away over said first gate structure; anisotropically

: . . . . , . 15 |
et chi NBwapeeiukd SHenfdal S dtebcgsgtﬁonfo()ﬂP@Q/ﬂ Y Lhre@05s ér?laﬂc %@H]gcaj)éz%ﬁ(agfk ayer

to said etch stop |ayer thereby form ng spacers along the side of said

first msﬁgg@p‘@cggﬁe Aﬁ'g\rt/églc%%ﬁg%rvﬁe&% ) %ﬁsiﬁc%%cn%%eg&ﬂ_ ﬁigdewal s of said

. second gate structufe h gredt er an the w Plsai d spacers

- i dey d i fi.rst te str. ;. etchi a idetch stop |ayer
ot oo utiogls B eyl 3R Be B HilinGiiaft Ripr2® Pyl YD HOD 50 oec
04 i I&E t bstrate i ' not protected by said first an

' ggconldt,rggﬁ i 'gﬂggggﬁgﬁ@%g%@?@é t%ggﬁﬂmﬁ-gfé@r%ép%?ﬁﬁ%lﬂ%tiaﬁelr‘ébiSons t her eby

conpleting fabrication of said :
- deposited overlying the etch stop layer 38 by LPCVD or PECVD to a thickness of

* between about 100 to 400 -Angétroms. Photoresist is coated overlying the first spacer
oxidé layer 40. A photomaék, not shown, i3 positioned over the photoresist. The
photoresist is then exposed using actinic light using I-line photolithography, for example,
é.nd then developed to leave a photoresist rnask 42 overlying the transistor 48, as shown
in Fig. 3. The first spacef oxide layer 40 is then etched away from the areas not

protected by the photoresist mask 42 using wet etching. This exposes the etch stop layer

38 over transistor 46 as depicted in Fig. 4.

Referring now to Fig. 5, a second spacer oxide layer 44 is deposited overlying the
surface of both transistor 46 and transistor 48 by LFCVD or PECVD to a thickness of
between about 300 to 800 Angstroms. The second spacer oxide layer 44 is not

distinguishable from the first spacer oxide layer 40 over transistor 48.




i nt egrat ed circuit device. 11. The nethod according to Caim 18 m im
sai d source/drain extensions have a depth of between 800 to 1560 %ﬁt hs
12. The method according to Claim 10 wherein said insulating |ayer is
conposed of silicon dioxide deposited or grown by thernmal oxidation,

| ow- pressure chem cal vapor deposition (LPCVD), or pressure-enhanced
chem.cal vapsiertBpBRY (19 Hig. CPEEVD)cet oxide ldyeckiies s mifsohepwaBrahayy 50 to 200
Angstrons. 13. The nethod according to Claim 10 wherein said etch stop

| ayer 48y 8iching opingiCkTd/ds,Caby/ Asj dri COW ARxipRkkdohsle viepash tadkiy LRGYD or PECVD
to a thickness of between about 100 to 300 Angstrons. 14. The net hod

accor dithap 0ol Gitaicon & spher okide Sakdad/it shd B%iH8, & lﬁééd sai d second oxide
| ayer are conposed of silicon ?gxi de. 15. The n%é/ﬁge according to daim10
wher ei IEmipbt ddteonaXidlemhiANENhirSo.H8PAShY BP0 to a

t hi ckness of between about 100 to0 4%0 Ang%g?%%%%St%?mfﬁéfﬁgﬁod accordi ng
to O aitfndiGoVhe hal e 3k c oxide layer .is. deposited, by LPCVD or PECVD
to a thickness of I%g't mﬂ%&gbm lgg(a%f’vgdg%'@nﬁhﬁ’ﬂ ?‘gﬁﬁ.t‘:hl‘@mg BesprC 2004, 17.
The metho. cording t aiml ein said etching of said first oxide
| ayer ﬁ‘? ng"of%%‘%%ﬁﬁ a@QE‘&BaHOa‘iﬁng@{ QYT dhegainstaichiyes 33/88 of rapsistéor med by
dry et% i n[gj&u%hr_}g one of a %r oup containing CAF8/ Ar, CZF6/Ar, or CSFB/ Ar
with et’Ch e spacgrsean B sidawallsiof tlansistond 6 and aiokiftor 43 and second oxi de
| ayers and said etch stop-layer. 18. The nmethod according to C aim 10
wherein said etching away of said etch stop layer is perforned using a

pl asma etch process with a chem stry of SFg/HBr or CFQ HBr. 19. A nethod of
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-.of the gate‘structures 32/34 and 32/35 of transistor 46 and transistor 48. The typical

difference in widths between W and w (W - w) are between about 100 to 400 Angstroms.

Referring now to Fig. 8, separate ion implantations (not shown) are performed on
transistor 46 and transistor 48 to create the source/drain (S/D) contacts 50. As shown, the
spacer width determines the length of the LDD region 31, thereby facilitating adjustment

to the drain current characteristics of a MOS device.

Unlike previous methods, the width of the spacers can be different for transistors
- of the same type (PMOS, for example). This is illustrated in Fig. 9, for example. It will
be understood by those skilled in the art that typically when building PMOS and NMOS

transistors (CMOS) one type of transistor is built on the substrate, while the other is built




;jsald substrate not covered by said PMOS and NMOS gate structur%d
‘depositing an etch stop layer overlying said insulating | ayer nggﬁtﬂmé a
first oxide |layer overlying said etch stop |ayer; 10 patterning and etching
away said first oxi de layer overlying said PMOXS gate structure; depositing

2 Seoo0gPHE AYEN, AT Y] B3 kr%n%gtsﬁ%t%gé}lgﬁsp (S oysrly ng said

-etch s ere sai |rs oXl een e y over said
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of sai SPPrISS4gehile RMO§ end NBVIOStteansiaigredinand £i%d., wopdetistlpmre hylrvitiot cover ed
by said spacers to said insulating 20 | ayer; and inplanting the substrate

i n ar easdesphcgys 60/dét ed by said first and second structures and said spacers
to formsource and drain regions thereby conpleting fabrication of said

PMOS and NMOS integrated circuit devices. 20. The method according to Caim
19 wherein said source/drain extensions have a depth of between 800 to 1500
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bet ween gbout 50 to 200 Angstronms. 22._ The nethod according to Claim 19
wher ei RAdEppal gtckyteps gip qeavéqd i Khedirpeestis saifalignieg angkallows for precise

control of individual sidewall widths. The spacer width is controlled by the total
thickness of the etch stop and spacer oxide layers; and the difference in width (W minus
w) is controlled by the thickness of the first spécer oxide layer. The transistors fabricated
with different spacer widths using the present invention may be N"MOS, PMOS or CMOS
" (a combination of NMOS and PMOS). By etching away the insulating liner layer, the
' resulting device is compatible with the self-aligned silicide (salicide) process for

metalization.

While the invention has been particularly shown and described with reference to
the preferred emboediments 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.

What is claimed is:




silicon oxynitride deposited by LPCVD or PECVD to a thickness qof b
about 100 to 300 Angstrons. 23. The nethod according to Claim %Qﬂmﬁmlﬁ.
said first oxide |layer and said second oxide |ayer are conposed of silicon
dioxide. 15 3 0 DEC 2004. 24. The nethod according to Caim 19 wherein
said first oxide layer is deposited by LPCVD or PECVD to a thickness of
bet ween about 100 to 400 Angstrons. 25. The nethod according to Claim19
wherein said second oxide |ayer is deposited by LPCVD or PECVD to a

t hi ckness of between about 300 to 800 Angstronms. 26. The met hod according
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greater than 16’?‘1‘"45'&9‘1/\%%‘:0?31‘:8“?‘? “and second oxide layers and said etch
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15 a width greater than the width of said spacers on sidewalls of said first device structure;
and

etching away said etch stop layer not covered by said spacers to said insulating

layer thereby completing fabrication of said integrated circuit device.

2. The method according to Claim 1 wherein said first and second device structures are

MOSFET gates comprising a gate electrode layer overlying a gate oxide layer.
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4. The method according to Claim 1 wherein said etch stop layer is silicon nitride or *
silicon oxynitride deposited by LPCVD or PECVD to a thickness of between about 100

to 300 Angstroms.

5. The method according to Claim 1 wherein said first oxide layer and said second oxide

layer are composed of silicon dioxide.

6. The method according to Claim 1 wherein said first oxide layer is deposited by

LPCVD or PECVD to a thickness of between about 100 to 400 Angstroms.

7. The method according to Claim 1 wherein said second oxide layer is deposited by

LPCVD or PECVD to a thickness of between about 300 to 800 Angstroms.

8. The'method according to Claim 1 wherein said etching of said first oxide layer and
* said second oxide layer to said etch stop layer is performed by dry etching using one of a
group containing C4Fg/Ar, CFs/Ar, or CsFs/Ar with etch selectivity greater than 10:1

between said first and second oxide layers and said etch stop layer.
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9. The method according to Claim 1 wherein said etching away of said etch stop layer is

performed using a plasma etch process with a chemistry of SE4/HBr or CF4/HBr.

10. A method of fabricating an integrated circuit device comprising:
providing a semiconductor substrate;
providing a first and second gate structure on said semiconductor substrate;
implanting ions into said substrate not covered by said first and second gate
5 structures to form source/drain extensions;
forming an insulating layer overlying said first and second gate structures and said
substrate not covered by said first and second gate structures;
depositing an etch stop layer overlying said insulating layer;
depositing a first oxide layer overlying said etch stop layer;
‘10 patterning and etching away said first oxide layer overlying said first gate
structure;
depositing a second oxide layer overlying said first oxide layer and overlying said
etch stop layer where said first gate oxide layer has been etched away over said first gate
structure;
anisotropically etching a portion of said first oxide layer and said second oxide
15. layer to said etch stop layer thereby forming spacers along the sidewalls of said first and
second gate structures wherein said spacers on sidewalls of said second gate structure
have a width greater than the width of said spacers on sidewalls of said first gate

structure;

etching away said etch stop layer not covered by said spacers to said insulating

20 layer; and
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implanting the substrate in areas not protected by said first and second structures
and said spacers to form source and drain regions thereby completing fabrication of said

integrated circuit device.

11. The method according to Claim 10 wherein said source/drain extensions have a depth

of between 800 to 1500 Angstroms.

12. The method according to Claim 10 wherein said insulating layer is composed of
silicon dioxide deposited or grown by thermal oxidation, low-pressure chemical vapor
deposition (I.PCVD), or pressure-enhanced chemical vapor deposition (PECVD) to a

thickness of between about 50 to 200 Angstroms.

13. The method according to Claim 10 wherein said etch stop layer is silicon nitride, or
silicon oxynitride deposited by LPCVD or PECVD to a thickness of between about 100

to 300 Angstroms.

14. The method according to Claim 10 wherein said first oxide layer and said second

oxide layer are composed of silicon dioxide.

15. The method according to Claim 10 wherein said first oxide layer is deposited by

LPCVD or PECVD to a thickness of between about 100 to 400 Angstroms.

16. The method according to Claim 10 wherein said second oxide layer is deposited by

LPCVD or PECVD to a thickness of between about 300 to 800 Angstroms.
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17. The method according to Claim 10 wherein said etching of said first oxide layer and
said second oxide layer to said etch stop layer is performed by dry etching using one of a
group containing C4Fs/Ar, CoFg/Ar, or CsFg/Ar with etch selectivity greater than 10:1

between said first and second oxide layers and said etch stop layer.

18. The method according to Claim 10 wherein said etching away of said etch stop layer

is performed using a plasma etch process with a chemistry of SE4/HBr or CF,/HBr.

19. A method of fabricating PMOS and NMOS integrated circuit devices comprising:
providing a semiconductor substrate which may contain n or p doped wells;
providing a PMOS and NMOS gate structure on said semiconductor substrate;
implanting ions into said substrate not covered by said PMOS and NMOS gate

5 structures to form source/drain extensions;
forming an insulating layer overlying said PMOS and NMOS gate structures and
said substrate not covered by said PMOS and NMOS gate structures;
depositing an etch stop layer overlying said insulating layer;
depositing a first oxide layer overlying said etch stop layer;
- 10 - patterning and etching away said first oxide layer overlying said PMOS gate
structure;
depositing a second oxide layer overlying said first oxide layer and overlying said
etch stop layer where said first oxide layer has been etched away over said PMOS gate
_ structure;

anisotropically etching a portion of said first oxide layer and said second oxide
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15 ~ layer to said etch stop layer thereby forming spacers along the sidewalls of said PMOS
and NMOS gate structures wherein said spacers on sidewalls of said NMOS gate
structure have a width greater than the width of said spacers on sidewalls of said PMOS
gate structure;

etching away said etch stop layer not covered by said spacers to said insulating
.20 layer; and
implanting the substrate in areas not protected by said first and second structures
and said spacers to form source and drain regions thereby completing fabrication of said

PMOS and NMOS Integrated circuit devices.

20. The method according to Claim 19 wherein said source/drain extensions have a depth

of between 800 to 1500 Angstroms.

21. The method according to Claim 19 wherein said insulating layer is composed of
silicon dioxide deposited or grown by thermal oxidation, low-pressure chemical vapor
deposition (LPCVD), or pressure-enhanced.chemical vapor deposition (PECVD) to a

thickness of between about 50 to 200 Angstroms.

22. The method according to Claim 19 wherein said etch stop layer is silicon nitride, or
silicon oxynitride deposited by LPCVD or PECVD to a thickness of between about 100

to 300 Angstroms.

23. The method according to Claim 19 wherein said first oxide layer and said second

oxide layer are composed of silicon dioxide.
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25. The method according to Claim 19 wherein said second oxide layer is deposited by

LPCVD or PECVD to a thickness of between about 300 to 800 Angstroms.

26. The method according to Claim 19 wherein said etching of said first oxide layer and
said second oxide layer to said etch stop layer is performed by dry etching using one of a
group containing C4Fs/Ar, CyF¢/Ar, or CsFs/Ar with etch selectivity greater than 10:1

between said first and second oxide layers and said etch stop layer.

27. The method according to Claim 19 wherein said etching away of said etch stop layer

is performed using a plasma etch process with a chemistry of SF4/HBr or CF,/HBr.
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