;e3eXUT@Nz 6 TBL 7A METHOD TO FORM LOW OVERLAP- CAPACI TANCE TRANSI STORS BY
FORM.NG M CROTRENCH AT THE GATE EDGE BACKGROUND OF THE I NVENTION (1) Field
., of the Invention The invention relates to the fabrication of integrated
circuit devices, and nore particularly, to a nethod of spacing the source
drain extensions fromthe gate edge to |lower the gate to source drain
extensi ons capacitance in the fabrication of integrated circuits. (2)
Descri pti onAOMETHED Pré (rORN tLONS-OVBRLAPYCSARRE I TRQEE TRXNSE SBERS ®nduct or

devi ces shrinks, the channel length of the transistor is reduced as well.
This | eads to seri ousFGHOING ¢HARAERENCH ebT sTHE S#AFEaED@Bpant di ffusion from
the source/drain extensions into the channel underlying the gate el ectrode
will affect the trreshold voltage and transistor current drive, thus

affecting the device per r t .o i i nvol ves spacing the
sour ce/ drai n extensions %Wrgjnﬁﬁg égY%FItefadgg usi ng an of fset spacer
to |l ower the overlap capacitance between the gate and the SDE. However, it
is desired to find a nmethod to further |lower the gate to SDE capacitance in
si tuat i ong WMhérieldhefothselnwgeriam al one | ~e~~~~~~ i ~~rnma IS
insufficient. U S. Patent 6,117,712 to Wi di scl oses a _disposabl e_spacer
process for making rai sedR@ ot Hon Fedabricto thes fabricqtign19% 234 to

Gar dner et . o ensi roce S| i.spesahl e spacers.
U. S Pat enﬁ%%@Zgli gg&a%lﬁgﬁé%%ac%eﬁs%grgnﬁ %ﬁy%é@%%"ze%ag - over the
gate W th g idiNspa¢ehgt BBe Sdur@0iqRAin0aPEES1dAE HUN ¢Redgatd regions
fromthe gate. SUMMARY OF THE | NVENTI ON A pri nci pal object of the present

i nventi on edgd ccpriomwede carn gafectsd veowaned ekjnnantéaciattsaapanethode of

formng an integrated circuit device having | ow overl ap
in the fabrication of integrated circuits.

(2) Description of the Prior Art

As the physical geometry of semicanductor
devices shrinks, the channel length of the transistor is
reduced as well. This leads to serious short channel
effects. Lateral dopant diffusion from the source/drain
extensions into the channel underlying the gate electrode
will affect the thresheld voltage and transistor current
drive, thus affecting the device performance. Current
practice involves spacing the scurce/drain extensions (SDE)
from the gate e%ge using an offset spacer to lower the
overlap capacitance between the gate and the SDE. However,

it is desired to find a method fto further lower the gate to

SDE capacitance in situations where the offset spacer alone

1 AR

*G00002*

(UNARCRTRAN Gk

*159159*




capaci tance transistors. A further object of the invention is to provide a
nmet hod of formng a transistor having | ow overl ap capacitance by reducing
effective dielectric constant value of the dielectric at the overlap

bet ween the gate and the source/drain extensions. Yet another object is to
provide a method of formng a transistor having | ow overlap capacitance by
2 form ng a %otre ch at the gate edge to reduce effective dielectric
constant val U ot tHE ti'el ectric at the overl ap between the gate and the
source/drain extensions. In accordance with the objects of this invention a
met hod for form ng a transistor having | ow overlap capacitance by formng a
mcrotrench at the gate rdue pa@efikNsM ¢, T8 ecroahudageeiogééfw on is

achi eved. A gate ~ el ectrode is provi ded overl ying a gate dielectric

| ayer on @ispniabhelanarers ghsiceste fuhenak na tharsedmeskrtayeraoverlies a top
surface of the gate_el ectrode | ayer. An oxide |layer is forned overlying the

sem conduBE8FCeBbstY =t e Patiendt &g é@e?%‘*aF% Gardned 6% 3kdebews s2 of the gate
| ectrod S d t f d
electro esﬁQQl8¥e&Lé’éx{%hc§rpﬁaxp3%e%% dlé)uorsc 1l?r %'gggg)ﬁ(aegsgtégs are torme

in thesubstrate usin S acer Ts are
fornmed onptkenti 65616 pREES lmiawaaormabﬁegl mmﬁ gﬁtaehhehééfé@ﬁ ent from
the first spacers. Source/drain regions era forned in the substrate using
the firstcyrd $Beogatspeactr Rxters loask ovér dtied I iregliapetoi spaleposi t ed
overlying t-he gate el ectrode and the oxide |ayer and planarized to the hard
mask Iayelth\ﬁhégéﬁﬁe(%%a*‘? reR9igns fEePndheparRER s~are exposed. The exposed
second spacers are renpoved whereby the oxide Layer underlying the second
spacers is exposed. The exposed oxide layer is renpved whereby the

sem conductor substrate gReethyidio Tt}{iexg,qgg.@go,spacers is 3 exposed. The
exposed sem conductor substrate 1s etched into to forma mcrotrench
wherein the mcrotrench undercuts the gate oxide |ayer at an edge of the
gate electrode. The mcrotrench is filled with an epitaxial oxide |ayer and
pl anari zed to the hard nﬁsRﬂ%?b?al'H@etﬁtePécFF?oP’F%ﬁ%’rt ileveatierngd to
formthi r;i‘i acer.s on thgf§8£t‘%(l g Q QX g' §¥?éct{{p§blef fectie gdielectric

const ant e over ween the ga e sour ce/ rarn extensions is

reduced byfamrng (érnOtlﬁ%QQQaEQ@r@pfl'cmeevﬁlcgghg(?{ﬂ@tl&n Aferd apr ansi st or
having | ow overlap capacitance in the fabrication of an integrated circuit

devi ce. BRdgadHESCdePTtireNsOstdtE. DRAWNGS I n the. acconpan . ping draw ngs
formng a material part of this description, there is shown: Figs. 1
through 11 schematically illustrate in cross-sectional representation a

preferred embodi ment of %h%urther object of the invention is to
provide a method of forming a transistor having low overlap
capacitance by redﬁcing effective dielectric constant value
of the dielectric at the overlap between the gate and the

source/drain exéensions.

Yet another object is to provide a method of

forming a transistor having low overlap capacitance by



present inventicn. Fig. 12 schematically illustrates in cross-sectional
representation a conpleted integrated circuit device fabricated according
to the process of the present invention. 4 DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS It will be understood by those skilled in the art that while
Figs. 1 through 11 illustrate an N channel MOSFET integrated circuit

devi ce, agfrgiapnelnikELd-ahedr atethsi &&atecg%wtser&@%éi dedsged sinply by
substituting opposite polarities to those gi'ven for the P channel

enbodi mrendieesoric rcansdanitl anluayef atKMdSFRE@tibdabetiorard oy maki ng
both N channel and P channel devices upon the same substrate. The process
of the prketween niishtdane winkdl thacsewsee (draiaf fextensdondi ckness of the gate
dielectric at the edge of the gate, both by thickening the dielectric and

by using a lower dielectric constant material at the gate edge. . Referring
now nore particularly ta Fig. | . there.ls shown an_illustration of a
portion of a partially glo al%ec'togga%?a‘lu{f&i%ée RIS &t ch{-‘hﬁ‘ ansi st or

( MOSFET) . jkhensesh conabid sbsbialg 19_t§arp§ie§‘t%rrawa¥iﬁ§n1)9@ed of silicon
havi ng a (100) crystallographic orlen?atlon. In an efforf to sinmplify the
descri pti oneaidpt hepale tvanmays Hyh&odtmeéhgcar micisteaaidhoatbehuegateeadges has
been only partially shown and will not be described in detail, because they
are convelrCi BARERIEY Lakerft domeng| diffusEnp gbs rasiisvedrox® 192%an be forned
in and on ¢ icopd r . substr - AQ di el.ect.ri. er 14 is grown
or deposi tee]\' %tt %%gh t ﬁlgch%‘g%d%é" qﬁ}eetr\?\tégﬁgago %gizanaenlc? %1%ng'§}{/?5rr%n oh the

sem conduGleii corbskEdtesuddt SatiesS WHerRGH ¥ahehE Mddi CQyedH B¥kdeibdigkness.
The physical thickness will depend upon the dielectric constant (k) val ue

of the gatmpissirdacei of mahergate usettriedefl éngbty, Ahe:gaiee ldiyeketsric
material will be a high dielectric constant material that will not be
renoved byErmads QY2rdYingi Ehn skmbqasuster prbeksate Thd igste SBRERERLri ¢ may

be, S 11 comnl 4% 8" <248MR1£e 4t SQNIUEHLY 21 L8V ad Ounc AT 1ng
the oxide layer. Source/drain extensions are formed in
the- substrate using the first spacers as a mask. Second
spacers are formed on the first spacers being comprised of a
material different from the first spacers. Source/drain
regions are formed in the substrate using the first and
second spacers as a mask. A dielectric layer is deposited
overlying the gate electrode and the oxide layer and
planarized to the hard mask layer whereby the first and

second spacers'

are exposed. The exposed second spacers are
removed whereby the oxide layer underlying the second spacers
is exposed. The exposed oxide layer is removed whereby the

semiconductor substrate underlying the second spacers 1s



deposi t.ed over the gate dielectric. A hard mask 18, such as silicon

di oxide, is deposited to a thickness of between about 300 and 600
Angstronms. The hard mask, polysilicon, and gate oxide |ayers 18, 16, and 14
are patterned to forma gate el ectrode 20, as shown. f Now, referring to
Fig. 2, the exposed substrate and polysilicon sidewalls are re-oxidized to
forma very thin oxide layer 22, having a thickness of between about 10 and
20 Angst r oR¥POFEA - exBRP| BPIFRS ﬁe@lézoegycveaﬁi heFiares s eReRrdRI 1A dati on
(RTO. First spacers 24 are fqrned on_the sidewalls of te el ectrode 20.
The spacerZcongﬁr?oﬁp?‘f‘gléogﬁrf@b%ed@ 3?‘et %f?%%%eduxc%siuggﬁ@c‘(‘%%ﬁe oxi de.
The spacer e JhQBaPda Dy dePas td} e telbebged rd fedt@¥ak .OVeRLYi Ng the
substrate and the gate el ectrode and ani sotropically etching back the

di el ectri c diaercrefcheayefihred paice! an24pafakhel sotiewalllayeef ahlie gate

el ectrode, The spacers may have a wi dth of between about 30 and 50

Angst r ons. Plemardzed gat toe bardendsliydrayex .i sThai diryeqlivdr Lhyse tpacers
24. lons are inplanted into the@;ubstrate to %orn1sourc /drai.n extensions

26, as ShoWRTTFHG. ©. TTHE HALES RATTOUE kot FBL 11T SFA08 S24Et - as a
mask for i B ARGl 8001 BEL- £ TLQOAN 3 BhT oder BRFHLRRACCT s 26 are
formed on the first spacers . e spacers 26 nay conprise sillcon
nitride. Thens RO and ehbossRAcOydfeR0diddigibhe U et@tiddd pyayae
overlying the substrate, the gate electrode, and the first spacers and

ani sot r opi cal¢tyomteriimghezekyt hempl et g riarnadien 06 & ctmansisdogecond

spacers 26 on the first t spacers 24 on the sidewalls of the gate
el ectrode. FREIRBCAH WBIEEPs CIB2RAYAPER el h WSUERPEE CHEI M RE %6‘out 60 and
100 Angstro e 1,0 re inplanted into the substrate to form
source and r%?%p¥%a?5%§Q§6F Q%ggﬁgfe 7 el ectrode and the first and
second spacers act as a mask for this inplantation. A thick oxide |ayer 32
is deposited over the substrate to a thickness of between about 1000 and
2000 Angstrons. This thi clBRLEFIGESAREZPTIGY CHMHE PRAPINSs& nenhanced TECS

oxi de (PETECS). The thick oxide |ayer is planarized such as by chem cal
mechani cal polishing (CMP) down to the hard mask | ayer, thereby exposing
the first and second spacg{31§f and 26, _as iléustfate% in.Fig. 4. The
exposed second spacers 26 At &1 efSTEFPHEY hT VR SO 8IRR As hot
phosphoric agidr188 shoWL# NEidd dederMBXion! €68dFd NG RoKLY- 6. the thin
oxi de layer 22 under the area previously occupied by the second spacers is
renoved by a short dip in hydrofluoric acid (HF). Referring nowto Fig. 7,
a portion of the silicon substrate is renoved by a dry etch underlying the
1 openings left by the rendowes-. of threugdcadhdssheraticalAvddwAsstsahe pltisma
et cher or decoupl ed @lasnp systemw th no _ion Ponba d nt.shogld be used. -
This is a tiTEF eCEA-GSTRy TTROTIHETHEM & PFo-Fore fg'ﬁ‘&déf“eé a®t B° cra +

Gz, NF3 + 8present inventioh.

{
Fig. 12 schematically illustrates in
cross-sectional representation a completed integrated circuit
device fabricated according to the process of the present

invention.



2, Fz + Oz, and so on, alone or in conbination. The dry etching undercuts
the gate dielectric at the gate edge by between about 50 and 100 Angstrons.
+ The ‘HF di p al so undercuts the first spacers 24 by renoving a portion of the
thin oxide layer 22 underlying the first spacers, as shown. This
undercutting forns a mcrotrench 34 at the gate edge. The m crotrench has a
depth into the sem conductor substrate of between about 50 and 80
Angstromnms. Referri nGERGRIPBIGN QOF STHR IRREFIERRED r BYBOREMEISand t he openi ngs
formerly occupied by the second spacers are filled with [iquid phase

epi taxy oxide 36. For exanple, the wafers are inmmersed in a

hydr of | uorosilicic acid &@E§EE§) 30&Lﬁgé%{g%%pgfsgﬁggalgﬁal %pi5|khg|c acid
at roomtenperature. The supérsaturation is achi eved by a 5?ng boric acid.
The oxi de Layefna3b s 1Rl @&@gtzgdtﬁgo&#w nand 108ekal @Y&L v AR by CW. A
phot oresi st mask 40, for exanple, is Torned over the gate el ectrode and

t hi ck oxi dwosEgEriragrazeghemrcudt Figvids, Ee chhake DXFER 1roteRirat@di S
patterned to formthird spacers 42 on the oxide spacers 36. This is

i |l ustratedifpuit fevigce ouliowe fhrmedtsingly HSyusvbstibd®inggi ons are to
be silicided. The hard mask 1% i? renoved o§%&_the gate el ectrode 20.
Referring RBRPELCEIRPLAEE “1S5e Y0atBO5B FhEPE e &P8r Ai ARPRYFbns 30 are
siliclded adnbs@lye O A, CABYANGEANRL RLAOG cubRFeXagRIE p@ Mtal |ayer
such as titaniumor cobalt 'may be deposited over the substrate and the gate
el ectrode. £obfedabe malbirid i &d chanAdl aan®a idianleQCcassicddeupant al | ayer
overlying the polysilicon gate ' ~ electrode and overlying the silicon
substrat e ithet Bamgosuletzake dr dihe pegceas & tlse tnr@msehdr Andentien net al
silicide 54. The nmetal overlying the spacers 41 and 36 and FOX regions 11

i s unreact ¥311TRBCEAREACEHRR) $fstegtive FgﬁﬁU%ﬂsﬁcPﬁxﬁﬂﬁ gedet Aéelefieidati on
process. This (#amBhel ese g, IOIMML ian 00, De: L ANSIS LAl Wikl psspgi al ed
source/drain regi ons _and Sourtel dral n eXtensi ons. e Intégrated Circuit
device is iphot adindg &S160EWYetd1RAriicN cbASt &kt - mdt¥r 18XARR| @hed§ate
illustrated in Fig. 12, insulating |layer 60 is deposited over the surface
of the substdast.e. Contact openings are nade through the insulating |ayer to
t he underlying sem conduct or devices, such as to silicided source region
30. A netal layer 62 is deposited and patterned to formelectri cal
connecti ons between the egggents of_the integ%%ted Ci%fLQJ:Ffé passi vation

| ayer 64 conplefes the fabFication o t1eS R g%g?%a rcuit.?’10" The

process of {he-d nenhbel BROYE d8sStAad M Qtehl 3R £aPRCHE aDGs Adiangi,st or.
Because of the mcrotrench formed at the gate edge, the effective k-val ue
of the di el enigliectedt meh@loveibapf bel dvaeffddie tSRhsastdot heM@srET .S maduced.
The dielectric thickness at the overlap also is increased physically.

The- mi ni mal SYVeRIErRBFEEWSERSERatSDE atil RIRL egabdyi sopreswerrbiotice00 and
150 Angstropns.. Wile t i nvent i on _has_been particularly shown and

descri bed ﬁ?ﬁl?%f%r(&ﬁ’gs tCGYFﬁé"lgP%F%P‘?’e% WsodAreRPs thereof, it will be
understood by those skilled in the art that various changes in form and
details my be made w thput departing fromthe spirit and scope of the
invention. Wat is clainmedn sn effort to simplify the description and

the drawings the dielectric isolation between devices has
been only partially shown and .will not be described in

detail, because they are conventioconal. For example, Field



f 11 1. Anethod of formng a transistor with associ ated source and drain
regions in the fabrication of an integrated circuit device conprising:
providing a gate el ectrode overlying a gate dielectric |ayer on a substrate
wherein a hard nask | ayer overlies a top surface of said gate dielectric

| ayer; formng an oxide |ayer overlying said substrate and sidewal |l s of
said gate; farmng first spacers on sidewalls of said gate el ectrode and
over | yi ngP¥idel wadidmd &P 11f orni hg Soumerk/idr @nd ert &hei ons in said
substrate using said first spacers as a mask; form ng second spacers on
sai d firsPeRpERRE T FoSHF5T868rce and drain regions in said substrate
using said first and secorid spacers as a nmask; depositing a dielectric

| ayer overlying said gate el ectrode and said oxide | ayer and pl anari zi ng

said dielectric layer tq spitd RacteBBske | BYRIr Waengbyrs@hdof i rst spacers
and said second spacers are exposed; renoving exposed said second spacers

wher eby sdedosited deo layeridkndssl viEnge s@deh saoaind 12paaéar 65 i Bnesqrased;
renovi ng exposed sai d oxide | ayer whereby said sem conductor substrate
under | yi ngnsahe sembrrhdpriayr substgrpesedThil is an equivalent

silicon dioxide thickness. The physical thickness will

depend upon the dielectric constant (k) value of the gate

dielectric material used. Preferably, the gate dielectric

material will be a high dielectric constant material that

will not be removed by a standard silicon dioxide etch

process. The gate dielectric may be silicon nitride, for

example.

A conductive layer 16, such as polysilicon, is
deposited over the gate dielectric. A hard mask 18, such as
silicon dioxide, is deposited to a thickness of between about
300 and 600 Angstroms. The hard mask, polysilicon, and gate

oxide layers 18, 16, and 14 are patterned to form a gate

electrode 20, as shown.

Now, referring to Fig. 2, the exposed
substrate and polysilicon sidewalls are re-oxidized to form a
very thin oxide layer 22, having a thickness of between about

10 and 20 Angstroms. For example, this is a dry rapid rapid



etching into exposed said sem conductor substrate to forma mcrotrench
wherein said mcrotrench undercuts said gate oxide |layer at an edge of said
gate electrode; filling said mcrotrench with an epitaxial oxide |ayer and
pl anari zing said epitaxial oxide |ayer.to said hard mask |ayer; and
thereafter patterning said dielectric layer to formthird spacers on said
epi taxi al oxide layer to conplete formation of said transistor and

associ at &drexmaicexa@dt Hemi MRT@Gi ons in said fabrication of said integrated
circuit device. 2. The nethod according to Claim1l wherein said gate
dielectric layer conprises a material not renoved by a silicon dioxide etch

process. 3. The method accordiig. . Ghabil Leuieleidh said 9xede, Laver s

Lo £ .
formed by re-oxidizing sald subsirate an alrd gate to formsaird oxide

| ayer haymgatet BiLekaesge 0f0 betmpenabadt AQy abwhpdd ANGSHHCBE. ofidd he
met hod according to Caiml1l wherein said first oxide spacers conprise
silicon dimxXiedgaethbaysadahex(BE0INOHIRECS) Thai sipgcarsd dravdoamaddbh of
bet ween about 30 and 50 Angstrons. 13 5. The nethod according to Claiml
wher ei n SARPSHEIRE APeAiRACHI 1 LIRSS OVERAYERY PP WRSHTHYS 8Phdsaid first

spacers. 8. The method_according to CIaLn1é wherein said.second spacers
canpri se tgrﬁ i EorT eFiC‘iaé?agna“ﬂa %%Owod}lﬁa %Ybﬁggﬁghg }o%clh eé%’ﬁ fand 100.
ANgSt T OBy ; o1 detrhlte 1T5LR0d 286044 itk tHadedisMpd ¥herkl s sl 1dsebectric
| ayer conpr.ises TECS Oxi de deposited by plasma-enhanced chem cal vapor
deposi t i othd Rfaffe0®)lectrode. The spacers may have a width of between

about 30 and 50 Angstroms. The re-oxidation oxide layer 22

is thinner than these spacers 24. Ions are implanted into

the substrate to form source/drain extensions 28, as shown in

Fig. 2. The gate electrode and the first spacers act as a

mask for this implantation.

Referring now to Fig. 3, second spacers 26 are
formed on the first spacers 24. The spacers 26 may comprise
silicon nitride. The spacers are formed by depositing the
dielectric layer overlying the substrate, the gate electrode,
and the first spacérs and anisotropically etching back the
dielectric layer to leave the second spacers 26 on the first
spacers 24 on tﬁe sidewalls of the gate electrode. The
second spacers 26 may have a width of between about 60 and
100 Angstroms. Now, second ions are implanted into the

substrate to form source and drain regions 30. The gate



8. The method according to Caim1 wherein said step of renoving said
second spacers uses a wet etch. 9. The nethod according to Claim1l wherein
.said step of etching into exposed said sem conductor substrate to forma
m crotrench conprises a dry etch with no ion bonbardnment and wherein said
m crotrench has a depth into said sem conductor substrate of between about
50 and 80 Angstrons and wherein said mcrotrench undercuts r said gate

oxi de | ayesleaitradied agdt ehedgerdy el Weepnabaphcofs afek R0 Angskr ess. 14

10. The met hod according to Caim1 wherein said step of filling said

m cr ot r encthig timpdangpitiaxi al oxide | ayer is a |iquid~phase epitaxy process
conprising imrersing said substrate in a hydrofluorosilicic acid solution
supersaturated with silicic acid at roon1tenperature 11. The met hod

according to Claiml fur%hga%gg ﬁ%E SILégldln salqaggkgegL trode and

said source and drain . € or with
associ at eds goui e ANG, dr 3k ckRgEONS: i vt aBLLEALHOR &fa afhdont egr at ed

circuit device conprising: providing a gate el ectrode overlying a gate

di el ectri crhgyeromd). a THikSthatR vhedei Yayehaiad coskrisyeslanma- i es a top
surface of said gate dielectric layer; formng a first oxide |ayer
overlying eahancedsiBQh oxdde SPHERRS) s dthedibdcgapsideokaiery ioxi de spacers

on-sidewal | s of sai ate el ectrode and overlying said first OXIde | ayer;
forming SoB}EBREFZe 751 B ChARSaTh Reanied Bohhareid e spacer s

as a mask; ghah 9o tr{étgle n&%%f‘rié?e‘i’&éﬁéﬁeﬂ%'e@%ai&ﬂ&%ﬁe forg nggsource

and drain regions In sal
second spacers 24 and 26, as illustrated in Fig. 4.

The exposed second spacers 26 are removed
using a wet etch, such as hot phosphoric acid, as shown in

Fig. 5.

Next, referring to Fig. 6, the thin oxide
layer 22 under the area previously occupied by the second

spacers is removed by a short dip in hydrofluoric acid (HF).

Referring now to Fig. 7, a portion of the
silicon substrate is removed by a dry etch underlying the
openings left b; the removal of the second spacers. A
downstream plasma etcher or decoupled plasma system with no
ion bombardment should be used.- This is a timed etch using

fluorine chemistry; for example, SFe + Oz, CFa + 02, NFa +



using said oxide and said nitride spacers as a nask; depositing a second
oxi de | ayer overlying said gate electrode and said first oxide |ayer and
planarizing said second oxide layer tv said hard nask | ayer whereby said
oxi de spacers and said nitride spacers are exposed; renovi ng exposed said
nitride spacers whereby said first oxide |layer underlying said nitride
spacers i s exposed; renoving exposed said first oxide |ayer whereby said
subst r at &zunder ryPag aed iy, @éogpacer ini comxipasedn . et Thengry nt o exposed
said substrate to forma m crotrench wherein said mcrotrench undercuts
sai d gat EtGRA8 PRYRFCHES dheedifEeoigdratyht cdteltde Sode; i8I bng said

mcrotrench with_an epitaxial ide | ayer a I rizi sai d epitaxial
oxi de |a§€&WF8n58$8“ﬁa$% ﬂ%gkuﬁgfgﬁft§§asthgﬂggﬁﬁgrlﬁaEEaning sai d second
oxi de | aygaeh@uhQr Bhb Nk { £ S RAeRI O 450 reRbY AX &l foxicden! yefnt 0 conplete

formati on of said transistor ‘and associ ated source and drain regions in

sai d fabrdmial iosidef 1agefl 22 i widgrlatied ehecBitstesparars]3asTBRowRt hod
according to Claim12 wherein said first oxide |ayer is formed by
re-oxi di Zitig samidgrsubsinat foums a amicrodir@nght @4 tat furanasadied efigest oxi de
| ayer having a thickness of between about 10 and 20 An%ftrons.

The microtrench has a depth into the semiconductor substrate

of between about 50 and 80 Angstroms.

Referring now to Fig. 8, the microtrenches 34
and the openings formerly occupied by the second spacers are
filled with liquid phase epitaxy oxide 36. For example, the
wafers are immersed in a hydrofluorosilicic acid (HzSiFe)
solution supersaturated with silicic acid at room
temperature. The supersaturation is achieved by adding boric
acid. The oxide layer 36 1is planarized to the hard mask

layer, such as by CMP.

A photoresist mask 40, for example, is formed
over the gate electrode and thick oxide layer 30, as shown in
Fig. 9. The thick oxide layer 30 is patterned to form third
spacers 42 on tﬁe oxide spacers 36. This is illustrated in

Fig. 10.



14. The method according to C aim 12 wherein said oxi de spacers conprise
silicon oxide or TECS oxi de and have a wi dth of between about 30 and 50
Angstronms. 15. The nethod according to Claim12 wherein said first oxide

| ayer has a thickness smaller than a width of said oxide spacers. 16. The
met hod according to Caim 12 wherein said nitride spacers conprise silicon
nitride and have a wi dth of between about 60 and 100 Angstrons. 17. The
met hod according to C aiNow,2 theegaited sad dsceomydraindeelbyes ool Ses
PETECS oxi de. 18. The nethod according to O aim 12 wherein said step of
removi ng 9&i 8ihiEiERfe. sPheeiRrdgs@asy hWat ieteemdvedhovephbbpherte acid. 109.
The net hod accorgi ng.to Ctaim 12 wherein_said step.of etching into exposed
sai d sem EORGGEPSF g%bstl? FHG% 8P 5°nT &9 ot rencHPCofpFPseY FPUry et ch

Wi th no iaqgulie gboiardmrils and Jheceh D sald U ¢oLhenek pas a depth into

sai d substrate of between about 50 and 80 Angstrons , “and wherein~said
m cr ot r enchnvedeicnas aetitbdal e fod deamgye; atmsrdld 1ggke edgr &y bet ween

about 50 and 100 Angstrons. 20. The nmethod according to Caim 12 wherein
sai d st ep téfcapippki ag sepal frimzwiiederosithdapvepithexisubsgxpte #ader is a
i quid phase %pi taxi gr ocess cqg{g)ri sing . imersing said substrate in a
hydr of | uor®§ 19AERc SABFETREE ut | T NAFETsdSuPaPeCYRd HF%iam @prReati®¥at room
tenperatu5 ccess. The metal layer overlying the polysilicon gate

eiectrode and overlying the silicon substrate in the source

and drain regions 30 is transformed to a metal silicide 54.

The metal overlying the spacers 41 and 36 and FOX regions 11

is unreacted. The unreacted metal is removed to complete the

silicidation process.

This combletes the formation of the transistor
with associated scurce/drain regions and source/drain
extensions. The integrated circuit device is completed as is
conventional in the art. For example, as illustrated in Fig.
12, insulating layer 60 is deposited over the surface of the
substrate. Contacf cpenings are made through the insulating
layer to the underlying semiconductor devices, such as to
silicided source region 30. A metal layer 62 is deposited
and patterned to form electrical connections between the
elements of the integrated circuit. A passivation layer 64

completes the fabrication of the integrated circuit.
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21. The nmethod according to Caim212 further conprising siliciding said
gate. el ectrode and said source and drain regions. 22. A nethod of formng a
transi stor with associated source and drain regions in the fabrication of
an integrated circuit device conprising: providing a gate el ectrode
overlying a gate i dielectric |layer on a substrate wherein a hard mask

| ayer overlies a top surface of said gate dielectric layer; re-oxidizing
said substrate and sai @hgapgoressgof oy mryehitioh prédedesyer overlying
said substrate 6509 si dewal | s of said gate; form ng oxide spacers on

si dewal | $O%fO%&T Ebaﬁaé’aéﬁlééPFSd‘ér%ﬂl%w’rl ler‘Fﬁaé‘éFdofl F%% oxi de | ayer;
f or i / t d. sub d d
orm ng ﬁgg{:g@rg{é{ nf er)x(ne nSI O@ﬁe g%l %%?S% L“|r Sal E}I%X%Iq % spacers

as a nms ormng nitride spacer 8 source

and drai 'Ehée&ié’i‘écéﬂéadtd t?m‘éb%‘iz[aﬂﬁp p &Sk es:lq{ay sBé' QﬁdaE'ﬁ’e slh rl' {ride

spacers as a nmask; depositing a second oxi er overlying said gate

el ect r odeeandegai drr&e r&ie I@dtdd cl apetkaass pdande sveglapi dlseciond oxi de

| ayer to said hard mask~l ayer whereby said oxi de spacers and said nitride
spacers éﬁéreiﬁeéeﬁhwieqm‘\ﬁimg Shgonéninal dD‘rﬁrtl'rﬁPd@eiS[daéér shen¥eby said

first oxide |ayer under ing said nitr acers i S _exposed; renoving
exposed g r SRoxH8 tzi“&’éer" 8F§b}°g stAfs AGSET G'R‘Eerl yi ng said

nitride %Bﬁggr%hhslﬁééﬁ§¥%h has been particularly shown and described
' wifh reference to the preferred embodiments theréof, 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:

11



etching into exposed said substrate to forma mcrotrench wherein said

m crotrench undercuts r said gate oxide |ayer at an edge of said gate

el ectrode; immersing said substrate in a hydrofluorosilicic acid solution
supersaturated with silicic acid at roomtenperature whereby said
mcrotrench is filled wwth an 19 epi taxi al oxide layer and pl anari zi ng
said epitaxial oxide layer to said hard mask |ayer; and thereafter
patterning sai dlsetomtimd @ [fayaingoaf bramgistodt spabeassonisaEd epit axi al
oxi de |ayer to conplete formation of said transistor and associ ated source
and drain regi oRQUYFR I FraEN €aoiensoin skhel fabrdgeatied efrauit devi ce.

23. The nmethod according to Cl aim22 wherein said oxide spacers conprise
silicon oxide o?nﬁﬁﬁf?3§§(ﬁ?%ﬁﬁ}thgﬁg1ﬁemf9W?F%ﬁIQ§etween about 30 and 50

Angstroms. 24. The hnds roj i .ei.n.said nitride
spacers conprise si Inﬁ:on nl%%dgagﬁdggg%%&w%%ﬁgge? %ﬁeabout 60 and
100 Angstrons. dizlectzic IHi@rRinhadsasserdtégvicr EnalamdZavhesiei n sai d
step of renobving said nitride spacers uses a wet etch in hot phosphoric
acid. 26. The nmieWed ereokidh@ thorCsardree afcsadit aadied ddeépcbiiet ching
into exposed said sem conductor substrate to forma mcrotrench conprises a
dry etch with nd3¥8h’ bonbar dment and wherein said nmicrotrench has a depth

nto sald substrate obrbElSoR? AR 130<anduBRL /NP AR sisuratd dpreln

sai d mcrotrench undercu ate o
T sidewalls of said gate;

forming first spacers on sidewalls of said gate
electrode and overlying said oxide layer;

forming scurce/drain extensions in said substrate
using said first spacers as a mask;

forming second spacers on said first spacers;

forming source and drain regions in said substrate
using said first and second spacers as a mask;

depositing a dielectric layer overlying said gate
electrode and said oxide layer and planarizing said
dielectric layer to said hard mask layer whereby
said first spécers and said second spacers are exposed;

removing exposed said second spacers whereby said
oxide layer underlying said second spacers is exposed;

removing exposed said oxide layer whereby said
semiconductor substrate underlying said second spacers

is exposed;

12



| ayer at said gate edge by between about 50 and 100 Angstronms. 27. The
nmet hod according to Caim?22 further conprising siliciding said gate
el ectrode and said source and drain regions. 21 .A& 3. Ae. As( . AYU AL . A(
A AF LAy A, A5 A& .AYl .Au3 .A.AY .A3 .A .ASY .A

.Aae8]yr! VA it>x- i
(V}xsnl d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa]
cRa] ca] ca] ca] ca] ca} €@l &Y CilteRlek@bs@Ethaid semiconductor substr
g>5" AnCh} xsni d_Z] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] caj ca] cal]caJca]c
a] ca] ca] ca] cakoaforat ca]wiad wajremchavhakeah : said mdche@taendch " B hShR% YRS,
(a((*I'***}xsnid_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]cal
ca] ca] ca] ca] capéd] gate Qxide dlaverc atcapcadge «of saidogotelebeoprpd®3VBs33344
CA[ 44445951 55} xsnid_Z] ¢ cal ca] ca] ca] ca] CEA 5‘g%ca] cal ca]ica] ca] ca] ca]ca] ca
] ca] ca] ca] ca] ca] cafth 4&5}%%]“85]"@5]"8&]:}%]’& PP PBFR 7 798*858889K9[ 9999

La; g; ai

; <K<o<<<=@} ?gﬁirda%?c%] mac‘] cg]lca]ega ch é(\:la]ocxa dg'a cafca]' ac} ca] cal] ca

] ca] ca] ca] ca] ch&]r@a]nag].;cgiﬁaz] cadrcca] ca] ca] ca] ca! @n= >’>’>@?@@@@#AOAAAAAB@pBBB
B( C. CcCCCD=DpDDDD} xsni d_Z| ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] ca] ca] ca] c&heakefilen] paf toeroialac sjad d] 4 3¢ bed DEECEWFEEFtE FERGRCGGGCGHH
cHHHI T Al ul 1116JnJJJJ} xsni d_Z] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] cal cal ca] ca]c
a] ca] ca] ca] ca]‘CHFEaFRAFeET cal c3d th| R KRS ] ea}éa] kaver KeKRPERYEER M MYMVIVNN
N1O Oy 00O, ' PaRPP xsnid,_Z] ca] cal.calga cal cal cal ga] ca] ca] ca
] ca] ca] ca] caj ﬁr%%%ﬁﬁé]‘éﬁ Sa’} g‘é’] zi]lr’@ %‘ %%e:d zf}“ﬁﬁkNﬁ%’ ) S]NSS]SSS
TTUCUoUWU
VAVY VVWV- V\\{/\\{/\\{/\)()?5)?)()%l %Sr‘?.‘éi“i] é%] %%1 ca ca c tlo]hca]fca;]llcca]lcna ca ca] ca] cal ca] ca]
ca] ca] ca] ca] cadiaajuia] @afveakcal ca] ca] ca] ca] ca] ca] ca! XXR| RRRRSNSSSSSTTUCUoUUU

2. The method according to Claim 1 wherein said
gate dielectric layer comprises a material not removed

by a silicon dioxide etch process.

3. The method according to Claim 1 wherein said oxide
layer is formed by re-oxidizing said substrate and said
gate to form said oxide layer having a thickness of
between about iO and 20 Angstroms.

{
4. The method according to Claim 1 wherein said first
oxide spacers comprise silicon dioxide or
tetraethoxysilane (TEOS) oxide, and have a width of

between about 30 and 50 Angstroms.
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VAVY VWV/- WWNAKXOXXX} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]lca8]yrfE &109BB& ()-F
310% " & ()-T310% & ()-Tyl0% & () -1

410% & ()-3f10%W & () -r! Vu#cD@10% & () - @10% & ()-s!'l1 10% & ()-!'Y'10% " & () -
310% & ()-YZ10% & ()-#_iqrst~ @ 10%& ()-f10%& ()- 10" 10" 10"s$

:10% & ()-!14&10%" & ()-3110% & () - >xdE~_@B10%&' () - &10%& () - &910%&' () - 10
B& ()-"1090&5(.) The% &t 19d ' accdrdidlg~t@ ¢) A DGR WHereit0¥n&d( dpxid9d 0% & () -
"L$109%B& () -3 109%& () - 109%B& () - "#$% bC 10%& ()- 109%& ()- 105 105
1055s109%6&' () 180209B8S (3 - tHITESS) SMRABBCssRaNR W) uhs 9F169R4 (First

109%&' () -910%& Q @0%&' ()-,10%& ()-!'bCY 109\& ()-SY 109% ()-S 10%&' ()-f
10 10 105s109&PEfSTRr 109&' ()- gz[ <bC +Z10%& ()-S (10%& ()-!S$

109& ()-z!#, | mLO%& ()- 109& ()-!.0 109 ()-uV7s 109& ()- 109 ()- 103 3
103 3

6. The method according to Claim 1 wherein said second
spacers comprise silicon nitride and have a width of

between about 60 and 100 Angstroms.

7. The method according to Claim 1 wherein said
dielectric layer comprises TEQS oxide deposited by

plasma-enhanced chemical vapor deposition (PETEOS).

8. The method according to Claim 1 wherein said step of

removing said second spacers uses a wet etch.

9. The method according to Claim 1 wherein said step of
etching into exposed said semiconductor substrate to
form a microtrench comprises a dry etch with no ion
bombardment aqd wherein said microtrench has a depth
into said semiconductor substrate of between about 50
and 80 Angstroms and wherein said microtrench undercuts

{
said gate oxide layer at said gate edge by between about

50 and 100 Angstroms.
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103 3 !Y96&1098 3 & ()-0-109%& ()-fs- 109 ()->5 An}~?2uV7 +109%& () -,

1098 ()-'F ! 109%]& ()- 109 ()-!PLg#L10% ()-Y @ 109%& ()- nOxmbC10% & () -
10 10 10  6S109& ()-, 314109 ()-f/109%& ()-- 10%& () - Oh: aaBmbC10% & () - !
T#10%44& ()-10% & ()- 10% & ()- F10% & ()-10% & ()-a; wbCrbC0S 10% & ()- @
10% & ()-+ 10% & ()-: + 10%-& ()-:FL! 10% & ()- 10% & ()-wyz{| 2 !~ =IL!
109%2& ()-Tz10%& ()-!(Y !10%2& ()-10%& ()- 10\ 10\

10\ L6t 10% & () -10 9"jres metipog agapel g Obx & Y@in 10whepein 0328k EORPEOE) - Y

10%& () ”wpfléiééﬁ(& 4 SR (o 05Re 1 ET0RRACY: MR @
109%&' 10< 19g e

(a((*1 4 5yno) TR AP e T TS /%E}f (b a5 O

109 ()-S 10%& gazaﬁsﬁfﬂw&t(e) +h* 8" hyrof L@+ L% ( )acml S008I () - 109%& ()

- 10% & ()- 10 10 10L6S10%& ()-,--.010203040\ OxnbC! f 10% & ()- 10\
supersaturated with silicic acid at room temperature.

11. The method according to Claim 1 further comprising

siliciding said gate electrode and said source and drain

regions.

12. A method of forming a transistor with associated
source and drain regions in the fabrication of an
integrated circuit device comprising:

providing a gate electrode overlying a gate
dielectric layer on a substrate wherein a hard mask
layer overlies a top surface of said gate dielectric
layer;

forming a first oxide layer overlying said
substrate and sidewalls of said gate;

forming éxide spacers on sidewalls of said gate
electrode and overlying said first oxide layer;

formgng source/drain extensions in said substrate
using said oxide spacers as a mask;

forming nitride spacers on said oxide spacers;

forming scource and drain regions in said substrate
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10\ 10\ & 610% & ()-1'! 10% & ()-10% & ()-F 10% & () -\ 01. 2e2222aBnbCl
10% & ()-f10% & ()-10% & ()-10% & ()-!1 " $10%\ & ()-L

10% & ()-2222223MBs3bCI3 10% & ()- ,10%& ()-  910% & ()- 10\ 10\
10\ s610% & ()- +: 10% & ()-s33344CA[ 4dBbC! ! 38&ML0% " "& ()-1 MLO% & ()-F
10% & ()-F 10% & ()-3 @IO0% & ()-s10% & ()-[ 4444595 5dEbCI ! 3 10% & () - 3
10% & ()-1 310% & ()- f@O0%& ()-1 10% & ()- 10% & ()-155526667aBbC! |

-10% & () - $f10% &% d iR $k1Q%0 "&(QaléfrgiOC@l%e(E Ece#@-a@s%'é&n(a)sk
s110% & () - 7>73TMINTOTP777bCt 9&1098K () - B () -

depositing a second ox1de 1ayer overlylng said gate
electrode aﬁd said first oxide layer and planarizing
said second oxide layer to said hard mask layer whereby
said oxide spacers and said nitride spacers are exposed;

removing exposed said nitride spacers whereby said
first oxide layer underlying said nitride spacers is
exposed;

removing exposed said first oxide layer whereby
said substrate underlying said nitride spacers is
exposed;

etching into exposed said substrate to form a
microtrench wherein said microtrench undercuts
said gate oxide layer at an edge of said gate electrode;

filling said microtrench with an epitaxial oxide
layer and planarizing said epitaxial oxide layer to said
hard mask layer; and

thereafter patterning said second oxide layer to
form third spacers on said epitaxial oxide layer to
complete formﬁtion of said transistor and associated

source an? drain regions in said fabrication of said

integrated circuit device.

13. The method according to Claim 12 wherein said first

oxide layer is formed by re-oxidizing said substrate
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10"s610% & ()- 1109 & ()-

S/ 10% & () - 77%8"8s888dELC! " y10%&' () - 10%&' ()-L3

109VE () - y109%v& ()- 10%v&' ()-9

109v& () - 89K9[ 9999aBbC! ' 10%VE' () - &L0%VE' () -1 310%VE' () - 109%VE () - SS109%VE’ () - !
0#10%&' ()-39:a;d;e;f;qg;;;bC 10% & ()-L3Z10% & ()- 10M 10M

10MB10%VE! () - +nLO%VE' () - y#109VE () - ; <K<o<<<dEbC! 10% & ()-L,

10% & () - 10%a8d( pasd 1994 & {9 -BTM0U&A( First 16060 (Vayez@ravezng?2dE: / 10
10° 6

10% & () -! L10%h&ckpess 1006 Feween @&t ( 10 Yaridod & Aigsvkoess' () - ?7? GRrO0OOOaXY: /
10" , @0% 0& ()- sS10% o0& ()-0y1l0% o0& ()-G 10% o0& ()-Y f10% o0& ()-3

10% o0& ()- 10 @AOAAAAAJE:/ 10" | $10% o0& ()- "10% o0& ()- 9!10% o0& ()-

| 10% o0& () - F1L0% Q& f2end@AOK i/ PEBPEBBEAE 4 Jrein said oxide

spacers comprise silicon oxide or TEOS oxide and have a

width of between about 30 and 50 Angstroms.

15. The method according to Claim 12 wherein said first
oxide layer has a thickness smaller than a width of said

oxide spacers.

16. The method according to Claim 12 wherein said
nitride spacers comprise silicon nitride and have a

width of between about 60 and 100 Angstroms.

17. The method according to Claim 12 wherein said second

oxide layer comprises PETEQS oxide.

18. The method according to Claim 12 wherein said step

of removing said nitride spacers uses a wet etch in hot

phosphoric acid.

19. The method according to Claim 12 wherein said step
of etching into exposed said semiconductor substrate to

form a microtrench comprises a dry etch with noc ion
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1 10% & ()- “-10%0& ()-0 +S10% 0& ()-F ) 10% o0& ()- (310% 0& ()-
f&10% o0& ()-B(C+C, C-C. CcCCChC 107 10%& ()-:10%& ()-Y10%& ()- 10'0 10'0
10" 0&610% 0&' ()- 010% o0& () - CD=DpDDDDJEbC 10 s310%h& ()- 310%& () -
10%& ()-310%& ()- f10%& ()- gl0%& () - DEEGEVEEEJEDC 10 10%& ()-Y
&10%& ()-F 10%& ()- 10%& ()-F 10%& ()-F @10%& () - EF. F_FFFFdBbC 10!
T*1098b8b& ()- (10%& ()- & 10%& ()-3 3%0%& () -1

bombardment and wherein said microtrench has a depth

into said substrate of hetween about 50 and 80 Angstroms

and wherein said microtrench undercuts said gate okide

layer at said gate edge by between about 50 and 100
Angstroms.

20. The method according to Claim 12 wherein said step
of filling said microtrench with an epitaxial oxide
layer is a liquid phase epitaxy process comprising
immersing said substrate in a hydrofluorosilicic acid

sclution supersaturated with silicic acid at room

temperature.

21. The method according to Claim 12 further comprising

siliciding said gate electrode and said source and drain

regions.

22. A method of forming a transistor with associated
source and drain regions in the fabrication of an
integrated circuit device comprising:

providing a gate electrode overlying a gate
dielectric layer on a substrate wherein a hard mask
layer overlies a top surface of said gate dielectric

layer;

re-oxidizing said substrate and said gate to
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f# 109%& ()-1 ! 10%& ()- FGRGGGEEEGNDC 10 ! 93Z10%vE' () - 10b 10b
10b° 610%& ()- Y110%& ()- /10%& ()- *10%& () - GG+HcHHHI dEnbC
10" 1 9109%VE () - Sy109%vE () - L109%VE ()-LSz109%VE ()-LgLlO%VE ()-9
1098’ ()-11A ul 11 aBnbC

10" SH109%VE () -! 109%VE () - 10%VE () - FS109%VE ()-!910% . & () - SmLO%VE ()-16InJJJJ
"KJdEnbC 10°

11098 () - f/ EQWMBa( ¥ 11 0% do 1@&0%&1-% %%Ms&%ﬁ%ﬁ& " KUKEK' K(K
] KKLELbC 10" 10% & ()-s S 10% & ()-s S 10% & ()-s S 10% - & ()- 10M 10M

10Ms5610%VE () sEideivb L Ms Myf/b8i(3 ate0% & () - 10% & ()-S10% & () -m0% & ()-! A0
"109% ()-VYl 10% &' ) - YMVM NVNNNaBbC 10" 3110% & ()- $ 10% & ()-@tM $
10% ()-@% 10% & %yr@ng 198442 (FRAPHSLOP) s ANRRKALLE Qf0F3@E: gate
igt Ség(())/f/‘(; t(&) E; O‘Vcb%ggcéé) E&%/Vé% 1ngYYs]é9.%&fQ:st100;21d1e0t1ayer;
forming source/drain extensions in said substrate
using said oxide spacers as a mask;
forming nitride spacers on said oxide spacers;
forming source and drain regions in said substrate
using said oxide and said nitride spacers as a mask;
depositing a second oxide layer overlying said gate
electrode and said first oxide layer and planarizing
said second oxide layer to said hard mask layer whereby
said oxide spacers and said nitride spacers are exposed;
removing exposed said nitride spacers whereby said
first oxide layer underlying said nitride spacers is
exposed;
removing exposed said first oxide layer whereby
said substrate underlying said nitride spacers is
exposed;
etching iﬁto exposed said substrate to form a
microtrenc? wherein said microtrench undercuts
said gate oxide layer at an edge of said gate electrode;
immersing said substrate in a hydrofluorosilicic

acid solution supersaturatad with silicic acid at room

temperature whereby said microtrench is filled with an
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10" L, " 10%& () - Ss#10%&' ()- 9109%& () - 9s10%& ()- s

109& () - &S@L0%& () - PQOQr QQQQUIE_@ 10 !

109& () - 109%& ()-s910%&' ()-1 109& ()- 10%& () - 109%& () - QRERNR| RRRaB_@

10" s*10%&' () -y! es* 10%AVHVE' () -y(' 10%&' () -

1098 () - 3%U@LOYR () - f #F10%& () - RSNSSSSSSSXnbC 10" F 10%VE ()- 10 10
10610%&' ()- 1110%& ()-m/10%& ()--10%& () - SSTTUCUoUaBmbC 10" 10%v&' () -
y109%VE ()-! 0394 8PREEFLBY eI AYer BOWRLahar G id) epbakialy VWAENDC
10" &z109%vE' ()-m $z10%vE ()- #109v&' ().- FF1098&' ()- S10%& () -

S109Vv&' () - V- WARRIARK hBYed 0t 3 Pprdisppiokpyer: and

thereafter patterning said second oxide layer to
form third spacers on said epitaxial oxide layer to
complete formation of said transistor and associated
source and drain regions in said fabrication of said

integrated circuit device.

23. The method according to Claim 22 wherein said oxide
spacers comprise silicon oxide or TEOS oxide and have a

width of between about 30 and 50 Angstroms.

24. The method according to Claim 22 wherein said
nitride spacers comprise silicon nitride and have a

width of between about 60 and 100 Angstroms. L

25. The method according to Claim 22 wherein said step

of removing said nitride spacers uses a wet etch in hot

phosphoric acid.

26. The method according to Claim 22 wherein said step
of etchiné into exposed said semiconductor substrate to
form a microtrench comprises a dry etch with no ion
bombardment and wherein said microtrench has a depth

into said substrate of between about 50 and 80 Angstroms
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27. The method according to Claim 22 further comprising
siliciding said gate electrode and said source and drain

regions.
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