WO 03/ 054948 PCT/ US02/ 41105 N TRI DE OFFSET SPACER TO M NIM ZE SI LI CON
RECESS BY USI NG POLY REOXI DATI ON LAYER AS ETCH STOP LAYER FIELD OF THE

| NVENTI ONWB 03los49ps esent i nvention relates to the field of pegmisozmdost or
devi ce manufacturing, and nore particularly, to the use of offset spacers
during the formation of a sem conductor device. BACKGROUND OF THE

| NVENTI ON As t he mi ni muiNFI&RIDIE @FESEE SPAGRTOMINBMBE | nt egrated circuits
shrinks, the 10 distance SEITEEANRENESSBY GESINGIPOLY drai n regi ons becones

smal | er. The reduced SPasXOATREUMEYER S BOCHCETE@PU.ANEBRN regions for the
field-effect transistors (FETs) results in short channel effects such as

punch-t hrough, reduced source-to-drain breakdown vol tage, reduced

t hr eshol gpigh RoerENVENTN Ncr eased sub-threshold swing. To relieve the
short channel effects, the sem conductor industry is constantly optim zing

e 1 oAt e R ReAE RS ol e RE T SERicof NG b d o utatialh ! |

fabrication o evi ces are e junction

sour ce/ dagd mokepartioglailg,caubeushel dffsst spaloatsldnm&g rtba:lﬂ:(rmatmm of aam‘mmnduabcbr t he
source/drain depletion regions into the channel. Advances in sem conduct or
processi ﬁ@Vlﬁféchnol ogy have reduced channel lengths to well below 0.25 m

At these SI zes, any | oss of effective channel length can be costly in 20

terns of (mgﬁﬁ yage of a transistor. Accordingly,
l'imting ﬁ] ateraIP dl? u5| on @the source/drain inmpurities is

i ncreasingly i,nportant.. i npl ant a P ][}Hq%n
limt the |at al dFIFIP{]’EPb eaé‘ﬁret He® %o ﬁ%eongﬁgf %:Irlgtlg’ I%llergpg??’ﬁl es Tt}he

i npl aot S distaRbé ibbivRen RBY Sodice andl Ut drdint gt eoppes sihallert Thé raficaf spdeing
source and drain. Usually, the halo inplant cones after defini n]g%t he ate

and 25 bbetsreen thresosises ans) ¢ri 9N ﬁ‘"@fsﬁl@ iieldogfieqt drapsistoprdibi iy st

hal o 1 Mo flthel SRIKAIEN as SIS o S Rlfud SIRULE Yo CPA BAAL AR Yol e
source/ drain regions. ‘?S() I npede \ge’rtlcaﬁ fusi on of source/drain

i npuriti egeshohe Vbllfﬁgeamt) ener gyreéhosd sdbethiahold swpingnfTostebiene theeshoctackennkl y
gp Ots ﬁg Sgg%c?[gtet)hté ggm%%ng%qngqin%ugt\rl\?%/s g()rn%trgn%lgeoptl?rﬁléln:gsﬂthg faﬁjal:}Cg.{lOI'} g%%egsgse fgirEpt h

15 MOSFET devices. Current trends in VLSI fabrication of CMOS devices are toward
reducing the junction depth of the source/drain regions because shallow junctions reduce
encroachment of the source/drain depletion regions into the channel.

Advances in semiconductor processing technology have reduced channel lengths to
well below 0.25 pm. At these sizes, any loss of effective channel length can be costly in

20 terms of lowering the breakdown voltage of a transistor. Accordingly, limiting the lateral
diffusion of the source/drain impurities is increasingly important.

-A halo implant, also called a "pocket implant”, can limit the lateral diffusion of the
source and drain impurities. The halo implants impurities have a conductivity type opposite
to that of the source and drain. Usually, the halo implant comes after defining the gate and

25  before the source/drain diffusion. Due to the masking effect, the halo implant typically
exhibits peak impurity concentration near the source/drain regions. To impede vertical
diffusion of source/drain impurities, the implant energy for the halo implant should be
carefully chosen so that the halo depth away from the peak is greater than the depth of the
source/drain implant.

30 In order to reduce the overlap capacitance between the gate electrode and the drain,

and thereby provide better AC performance for the transistor, it is desirable to separate the
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surface. A dielectric layer 14 covers the substrate 10 and the gate electrode 12. An

20  anisotropic etching is performed that removes the dielectric material 14 from the substrate

to form the offset spacer 16. However, a recess 18 is also formed by the gouging of the

substrate 10 caused by the overetching, since it is difficult to stop on silicon in anisotropic

etching processes. The formation of the recess 18, especially in the source/drain extension

area is a concern. This is because silicon gouging is equivalent to increasing junction depth,

25  which is undesirable as shallow depth junctions are sought after in today’s technologies.

Also, the overlap capacitance is adversely affected by the gouging created during offset
spacer creation.

There is a need for a method of forming a semiconductor device with offset spacers

in a manner that prevents gouging of the silicon substrate during the etching of the dielectric

30 layer that forms the offset spacers.
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DRAW NGSprovide a method of performing a semiconductor device with halo implants, comprising the
steps of forming a gate electrode on a substrate and forming an etch stop layer on the
substrate. A nitride layer is formed on the substrate and on the gate electrode. The nitride

layer is etched to form offset spacers on the gate electrode, with the etching stopping on the

20  etch stop layer.

The foregoing and other features, aspects and advantages of the present invention
will become more apparent from the following detailed description of the present invention

when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Figure 1 is a schematic depiction of a cross-section of a semiconductor device

during formation of the device in accordance with the prior art.

Figure 2 shows the structure of Figure 1 following dry etching of a dielectric layer
with gouging of the substrate, in accordance with methods of the prior art.

Figure 3 shows a substrate and gate electrode during the formation of a

30 semiconductor device in accordance with embodiments of the present invention.
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Figure 9 depicts a gate electrode formed in accordance with an aspect of the

invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention addresses and solves problems related to the formation of

20  offset spacers in the creation of semiconductor devices. In particular, the present invention
solves, in part, the problems of gouging that arises during the etching of a dielectric layer to

form the offset spacers on the sidewalls of gate electrodes. The present invention achieves

this, in part, by providing an etch stop layer, such as a polysilicon reoxidation layer, on the
substrate of the semiconductor device. A nitride layer is deposited over the polysilicon

25  reoxidation layer. The anisotropic etching of the nitride layer is selected so that the etching
stops on the polysilicon reoxidation layer, rather than continuing through and gouging the
silicon substrate. Since the polysilicon reoxidation layer is very thin, the implantation
process may be controllably and reliably performed through the polysilicon reoxidation

layer to form source/drain extensions and source/drain regions. Alternatively, the

30 polysilicon reoxidation layer may be safely removed by a wet etch process without fear of

gouging a silicon substrate. The prevention of gouging allows the separation of the halo and
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example, the halo implants 24 are shown in Figures 3 - 8.
Figure 4 depicts the structure of Figure 3 following a polysilicon reoxidation step in
50  accordance with embodiments of the method of the present invention. The polysilicon
reoxidation step forms a polysilicon reoxidation layer 26 over the surface of the substrate 20
and the gate electrode 22. The polysilicon reoxidation layer 26 is formed by a conventional
polysilicon reoxidation formation process, which provides a thermally grown oxidation
layer at temperatures between about 750°C to 900°C. The polysilicon reoxidation layer 26 is
25 formed to a thickness of between 15 to about 50 A, a preferred thickness being about 25 A.
The polysilicon reoxidation layer 26 is a very dense, high quality dielectric layer that will
provide better selectivity as an etch stop layer in a subsequent etching step as described
below.
In Figure 5, a nitride layer 28 has been deposited conformally over the polysilicon
30  reoxidation layer 26. The nitride layer 28, which may be made of silicon nitride, for

example, can be deposited in a conventional manner by plasma enhanced chemical vapor

deposition (PECVD) or low pressure chemical vapor deposition (LPCVD), as exemplary
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portions of the polysilicon layer 26 that served as an etch stop layer during the anisotropic
etching may be removed in certain embodiments by a wet etch process to expose the top
20  surface of the substrate 20. An exemplary wet etch process that will remove the polysilicon
reoxidation layer 26 without attacking significantly the silicon substrate 20 is a 100:1 HF
solution. The removal of the polysilicon reoxidation layer 26 over the substrate 20 provides
an unimpeded path for implantation of the source/drain extensions and the source/drain
regions. However, in certain other embodiments of the invention, the polysilicon
25  reoxidation layer 26 over the substrate 20 may be allowed to remain on the substrate 20.
This is because the thickness of the polysilicon reoxidation layer 26 on the substrate is so
relatively thin that implantations through the polysilicon reoxidation layer 26 into the
substrate 20 may be reliably and controllably made. The remainder of the description and
the figures will assume the polysilicon reoxidation layer 26 has been allowed to remain on

30  the substrate 20. However, it should be clearly understood that other embodiments of the

present invention provide for removal of the polysilicon reoxidation layer 26.
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si | i con exighsion atieplonf iis periymed f9r Ccrealy Lﬁqu{fr‘?.}d%ﬁﬁﬂe Hiehson 3¢ Dhohe b
polysil i | dab] sRessubsiveatichal) vRagviodes an

uni medé%gfég{aﬁgﬁ’otﬂgéﬁg a fg%ﬁ%@n&é?y?%rg s’oﬁrce/ drain _egt ensi ons and the
sour ce/ dr ai n In Iégirers; . siddovetly gpaces r3sckaveabaendiohmed eviiddpereast maghs otes the
invention, the polysilicon 25 reoxi datiqgn l.ayer 26. over. the 20
my Be. dpiGeER XERTERT S PRSI IR e ten RToRE! (nedGE SOk Al

thi cknessyighs b Rebid bEOTHE SRNEASLEOTIIGREN bPn ABtiliiRnsaeilinl sp n so
relative %/ hith that i nplantati ohs t hrough the polysilicon reoxidation

| ayer 2Gcetditiancelvdth culvehti@tabp@0ticeay be' reliably and controll ably made. The

remai nder of the descripti.on and the figures. wel| ne..t ihLcon

reoxi dat i on |Hipepressit iy nBB’ér‘iﬁllgl PIOYRSS Flbegﬁ%“r‘?iﬁt r?fé)r];ng%&#Egrs’sg‘gts?gg%{% t%!a

HOWeV el oolybinsNOUHIEliddCirf L EBE It \ehBGRh00H ddiites Qhiteriscandit rpatcss. OThis fis

pr esent %n eftion provide for renoval of the (gol ysi licon reoxlcga%#l!%gj{%slayer
1 f

26. 16 \\AcOBhAIshed By FETIseST 20 £1ch0Bp layer neder thy dieledsic lomwr fom wat et
spacers 30, as dg{%ig&t ed in Fiog)uret { ted source/drain extension inplant is
per f or el TFE Uhih BUPUHRIG e HRisi ons 36. Duri ng this inplantation,

the of fset spReRh& a3¢hedflofatedinvaston @EevieitsCboroanpérealiby addpresemtodhel n
Figure 8, sidewall spacers 38 have been fornmed whjch act as masks over the
5 sour celndesitablecsiticidaiomel the enfirespalystlagod gatGeleetden i Qaﬁéﬁui?ega?‘% Pﬁ@ﬁ to
create source/drain regio ' tirat : i ants are foll owed
by an a&ﬁ@éﬁ{yé)ﬁ@ﬁrﬁ%a‘%gﬁgﬁgst%gedlt ﬁrﬁ%@%&%ﬁéﬁéﬁgwoghhﬁglg%%mi onal practices.
The Br esent i Ay astit@nscalsudovat, alindgsydilmnbie medquitedoHowkef ere forsthir pelysilipern.

w t hout the gouging exhibited in prior art sem condu tgr devi leestog%h used
of f set sipaberos pempiraiongroblmpecompt Wered Biferhereyds POHYSHIFOBIMY ¥oR°1"ay er

;2?5; i J; gs% tﬂb.te[%lg %ﬁﬁﬂe?oﬁ onflﬁm%iiﬁﬁe&, h€ nntisRdd attRBCEHiS nddkes SHeQodflaten an
pic etch step.” Anot her” aspect of the invention prevents boron
penet r at oxide Anfaoe evestt sod trmses the gate oxide reliability problems. As depicted in Figure
9, the invention forms a metal nitride barrier layer 50 over the gate oxide 52 and prior to the
20  depositing of the polysilicon 54, to prevent boron penetration. Also, a later silicidation stops
on this conductive metal nitride barrier layer 50. Other benefits of this process include little
or no polysilicon depletion.
Although the present invention has been described and illustrated in detail, it is to be
clearly understood that the same is by way of illustration and example only and it is not to

25  be taken by way of limitation, the scope of the present invention being limited only by the

terms of the appended claims.



undesirable silicidation of the entire polysilicon gate el ectrode, which
can cause gate oxide reliability problens. Al so, this aspect produces |ess
pol ysili cwpodepivet i on. 15 As devices scal e down, thin pol ysirhisoomins

requi red. However, for thin polysilicon, the boron penetration problem
beconmes worse. Furthernore, the polysilicon may be too thin so that the
entire polysilicon may be silicided, as nentioned above. This makes the

pol y/ at svHag IS€CILAIMEDASe r ough and causes the gate oxide reliability

probl ens. As depicted in Figure 9, the invention forns a netal nitride

barrier |ayen 50 w&{etﬂoti%fgﬁhﬁn%wséimcéadm dexicey cangprisivez RO sdppobi ti ng of
the pol ysilicon 54, to prevent boron penetration. Also, a later

si licidation stopdornung eigate cestigde (32) @nfetRsiraip £2%de barrier |ayer 50.

O her benef f th
A though the. pr os PR REUREy SRcE ok e (36 BBt G) slahet | on.

det agl , hﬂeéle%t&@e@ﬁl) clearly understood t hat the sarre i's by vvay of
iIIustratlon and exanple only and it is not t %ﬁ bet ¥
linitation, the s@@p@lmg%hléﬂ@ﬂ]@%@rﬁzg) ONEE HiS RP(riY ‘f%‘de‘P)fl EVSEHVX? )bﬁmil he
terms of the appended, O N @gﬁﬁ@%ﬁﬁﬁm th¥6iTsiliSon

CLAIMED I S 1 orm a semc devi ce, conpri si né t he

st eps OfeoxidRionl REe (YRt & @d)rﬁctnﬁmde ¢f%2) spaceas $3Mson dhe gagt))electr@dfm(a
pol ysi licon I‘eOXI dation |ayer (26) over the substrate (20) and the 5 gate

el ectrode (22); ositin iLtr e | ayer er th

reoxi dat i on IZayer 1?@61}1‘3’[ 8&@? gﬁ‘ﬁ“sllo PR o ISH%g frﬁjdlgt%grc%ﬁr%ﬁc# Xlt&iq‘lg{&g? (28)
and (st o of KiyBAtds9Mad BRI etélRA) sitBeduently fofminge
offs}ét gg@ng tﬁg?‘%{%)ﬁa%n zpﬁgﬂ‘ggggmetﬁgtgtrodée ? . 2. The) met h%d g¥ claim1l,
furt her sﬁzmmm siang's f BB)riongthe affse Aphcaisn(38Xt &k fasming sonreggyains, (4 gn the
substrate (20) %Bter the nitride layer (28) has been etched, subsequently
form ng subStERENEY spacers (38) on the offset spacers (30), and forni ng
source/drains (40) in the substrate (20). 3. The method of claim 2,

further conprd si norfomBined o alagmi2yplranrt sofipdying forhiieg hslubsnptaatse(2€r201)thpr i or
to depositing the nitride |ayer

28) .
substrate (20) prior to depositing the nitride layer (28).
15 4. The method of claim 3, wherein the step of forming a polysilicon reoxidation
layer comprises thermally growing oxide on the substrate and the gate electrode at

temperatures between about 700°C to about 900°C.

5. The method of claim 4, further comprising removing the exposed polysilicon
reoxidation layer after the nitride layer (28) has been etched and prior to forming

20 source/drain extensions (36) in the substrate (20).

6. A method of forming a semiconductor device with halo implants,

comprising the steps of:
forming a gate electrode (22) on a substrate (20);
forming an etch stop layer (26) on the substrate (20);

25 forming a nitride layer (28) on the etch stop layer (26);
etching the nitride layer (28) to form offset spacers (30) on the gate
electrode (22), and stopping the etching on the etch stop layer (26); and

forming halo implants (24) in the substrate (20).



15 4. The method of claim3, wherein the step of formng a polysilicon
reoxidation |ayer conprises thermally growi ng oxide on the substrate and

t he gat e whastsde at tenperatures between about 700C t oPalaisn2/900C. 5.
The met hod of claim4, further conprising renmoving the exposed polysilicon
reoxi dation layer after the nitride |layer (28) has been etched and prior to
formng 20 source/drain extensions (36) in the substrate (20). 6. A nethod
of formng a7sem copdmehen deliiae c\Wwhbrealie ktchl saoyt Sayer C209pisi & polysilihen st eps
of: formng a gate el ectrode (22) on a substrate (20); formng an etch

st op | ayeoxidaen layer(3o- substrate (20); 25 forming a nitride |ayer (28) on
the etch stop layer (26); etching the nitride |ayer (28) to form of fset
spacers (30) gon t ) i | he/@hiaixkasons t he
etch stop | ayer ( e%gatﬁad?(k)r%%&%lgﬁﬁ%%&icﬁpnﬁgﬁ%@?%@%ght he substrate (20).
8 WD 03/(85A948 sRET4/MSAR iHAkAG (A0) Byeimpdaratibrofhroughi theepolysibiean reoxiiatian ch
stop | ayer &26) is a polysilico r eoxi d‘g_’éﬁi on |layer (26). 8. The nethod of
cl ai f 7 layenfnaftes hepriride fyer BAYPEB T Adr ai n” ext ensi ons  (36) and
source/drain inplants (40) by inplantation through the polysilicon
reoxidation ¢ laygf (&@odafof QUaik"®, HifthdideohpNghig (R8bvihaspheens efchiad. 9.
The met hod of claim8, further conprising renoving portions of thtﬁ

pol ysi | ipdysiliceaxeokddatiom lhprd26) 2ppsadipobe ¢tabjng ofdhe pichdakpyer (2Bhe BetePy de

| ayer (28) to, thereb pose the substrate (20). 10. The method of claim
9, wher eﬁxﬁoﬁq{@eé‘ﬂ%a@@@?chi ng the nitride layer (28) 10 includes reactive
ion etching the nitride layer (28) with a plasma etchant gas that has a
high nitridedo opidgcaridest élxint ¥, wherein the step of etching the nitride layer (28)

10  includes reactive ion etching the nitride layer (28) with a plasma etchant gas that has a high

nitride to oxide selectivity.



