2 0 JUN 2006 NI TRI DE OFFSET SPACER TO M NI M ZE SI LI CON RECESS BY USI NG POLY
REOXI DATI ON LAYER AS ETCH STOP LAYER FI ELD OF THE | NVENTI ON 5 The present
invention relates to the field of sem conductor device manufacturing, and

. hore particularly, to the use of offset spacers during. the formation of a
sen conduct or devi ce. ‘BACKGROUND OF THE I NVENTION 10 US-A-S.912 188 and
US-A-6 165 831 are exanples of prior art sem conductor device :
manuf act uri ng processes which utilise an etch stop |layer on a substrate, to
prevent attack of the substrate during etching of an overpyijom spggyer. As
the m ninum feature size in. sem conductor integrated circuits shrinks, '

Toduced . TRIBEAERETRE A 30 IR RN S A ISR BLY T T

field-effect transi stRROXIPATIDN EAYHRE ASEFORTSTOPRANGR ef f ects such as
punch-t hrough, reduced source-to-drain breakdown voltage, reduced threshold

voltage (Vt), and increased sub-threshold swing. To relieve the short _
channel eff, ) uctor industry is. constantly optimzing the
fabri cat!%mmi@sﬁf@ﬁ% ET devices. Current trends in VLSl 20 ,
fabriscation of TEMOpraleMi CRgemidn RPN thedNei RaIdt N Istiffbh@ietdEPEQf the
'source/drain regions because shall ow junctions reduce encroachnent of the-
sour ce/ dr alanufepiriag and mets particuladly, to itke wisanfodlset shdecan derng theferhatividuct or
processi ng ztlechnolg‘g%( h$ve reduced channel lengths to well below 0.25m At
“these siz852 SFRIPOPRAOTIEVISE octi ve channel Iength can 25 be costly in

-terns of |lowering the breakdown voltage of a transistor. Accordingly,

limting the lateral diffusion of the source/drain inpurities is '
‘i ncr easi nBACKGBOUNEOF AHRINVENIION | al so called a "pocket inplant”, can
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- device manufacturing processes which utilise an etch stop layer on a substrate, to . . -
prevent attack of the substrate dtiring etching of an overlying layer.

As the minimum feature size in semicopduétot integrated circuits shrinks, the
distance between the source and the drain regions becomes' smaller. ‘The reduced

15 spacing between the source. and drain regions for the field-effect transistors (FETS)
results in short channel effects such as punch-through, reduced source-to-drain
breakdown voliage, reduced threshold voltage (Vi), and increased sub-fhroshold |
swing. To relieve the short channel effects, the semicondﬁctof industry is. cc;nstantly
optimizing the fabrication processes for MOSFET devices. Curreﬁt_' trends in VLSI

20  fabrication of CMOS devices are toward reducing -the junction depth of the
source/drain regions because shallow junctions reduce encroachment of the
sourcg/d;ain depletion regions into the channel. -

| ' Advances in semiconductor processing technology have reduced channel
lengths to well below 0.25um. At these sizes, any loss of eﬁ'éctive channel length can

25 be costly in terms of 'l'owering the breakdown voltage of a transistor. Accordingly,
limiting the lateral diffusion of the source/drain impurities is increasingly importémt.

A halo implant, also called d “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

30 defining the gate and before the source/drain diffusion. Due to the masking effect, the

- halo implant typically exhibits peak impurity concentration near the source/drain
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type opposite to that of the source and drain. Usually, the hal o inplant
cones after 30 defining the gate and before the source/drain diffusion. Due
to the masking effect, the halo inplant typically exhibits peak inpurity
--goncentration near the source/drain 20 JUN 2006 .regions. To inpede
vertical diffusion of source/drain inpurities, the inplant energy for the
hal o i npl ant shoul d be carefully chosen so that the halo depth away from
the peak is greater than the depth of the source/drain inplant. In order to
reduce the overl ap capacitance between the gate electrofg @Tﬂmﬁhe 5 drain,
and thereby provide better AC performance for the trans H ,ft is

desirable to 4 t he.. . 4 5 hal o
and the ei%g%@?gﬁg“ﬁ%%%}gﬁﬁéﬁyﬁﬁﬁ?ﬁﬁg%%gﬁgggﬁghﬁ§@§§@%é§m§§§m§§éﬁéﬁﬁgt are
- “formed Onfor techab deplaaf skibulihbe calefitlyr chdeen Sy tHaotHe tadh depilabway fiadoh dveed by

the formation_of an offset- spacer on the sidewalls of gate el ectrode, and
t hen f or nepaekis geater thagdhe dentiphihe sewrceldsaipmplant-he hal o is physically

| ocated in front of e ensi set

effective changlté‘l °r|‘18‘$ng’t 'f?ﬁﬁ%en%%ro P %?pugﬁ,&g {&%Iﬁc%_ﬁég%géﬁé éﬁgﬁﬁ%ﬁ’?g ﬁ%? ﬁ}.le In the
f or maki on @hinghhd Bierspag@iile bettdd ACepdrformahey fir the trhnsditerait! iy ddsip®dd ted over
the substrate and a gate electrode. An anisotropic etch is perforned to

cl ear the spagtathee on top of the gate el ectrode of the dielectric |ayer
while leaving a portion of the dielectric layer on the gate sidewalls.
This portion of the dielectric layer remaining on.the gate sidewalls forns
10 the offset spacer. Materials that have been described for use as the

of fset spacers includes silicon oxide and silicon nitride. Once the offset
spacer is formed, a source/drain extension inplant is perfornmed using the
of fset spacer as a mask. Continued processing steps include the fornmation
of sidewal| spacers over the offset spacers foll owed by deep source/drain
inpllants. 15 The formation of the offset spacers in the above-described
manner creates a problem o
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iPblahfde silicon substrate in accordance with embodi ments of the

The formation of the offset spacers in the above-described manner creates a problem
in that the anisotropic etching gouges the silicon substrate causéd,hb‘yféir?retching of the
dielectric layer from which the offset spacers are formed. This situation is depicted
schematically in Figures 1 and 2. In Figure 1, a substrate 10 Qas a gate electrode 12 on its
surface. A dielectric layer 14 covers the substrate 10 and the gate electrode 12. An
anisotropic etching is performed that removes the dielectric material 14 from the substrate
to form the offset spacer 16. However, a recess 18 is Aals.q 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 coficern. This is because silicon gouging is equivalent to increasing junction depth,

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 mariner that prevents gouging of the silicon substrate during the etching of the dielectric

layer that forms the offset spacers.
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10 present invention. The very thin polysilicon reoxidation |ayer nay be
| eft on the substrate, and inplantation may controllably and reliably be
made through the remaining polysilicon reoxidation |ayerZ8t 8N%8m the
sour ce/ doad o3/@4é48Nsi ons and source/drain regions. Al ter ngidy@hMiioshe
polysilicon reoxidation |ayer may be renmoved by a wet etch, w thout
creating the gouging nornmally associated with dry etching of a dielectric
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Alternatively, the polysilicon reoxidation layer may be removed by a wet etch, without
creating the gouging normally associated with dry etching of a dielectric layer.

15 The earlier cited needs are also met by embodiments of the present invention which
provide 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.




Figure 5 chose the structure of Figure 4, after a nitride |ayer has been
deposited over 5 the polysilicon reoxidation |ayer, in accordance wi'th
enbodi ments of the present invention. Figure 6 depicts t hel 5WNEGr e of

Fi gure Sxyy@bi@uosni sotropi c etching has been perforned topeemRysiligri zont al
portions of the nitride layer, in accordance with enbodinents of the
present invention. Figure 6A shows an enbodi nent of the present invention
in which a paphicondfficts e sthr@l offiibine @) foBGKHingahé Gornlatiparof aspolysiiocad by a
wet etching process,” In accordance wth certain enbodi nents of the

i nvent i eoxidmigLingerveehiecbstrate and thecgate elecifodei uaceorlanes Wik embadieals dr ai n
extension has been inplanted into the substrate, in accordance with

embodi n@fribe Piseert ARveRti@&ent invention. Figure 8 shows the structure of
Figure 7, aff; hle | hasideesser hbs Benfdepssitdd over
accordance V\#I?Eregsng%aé%%e%\#iu%o@el{)gglgg%g%ﬁ?pianvemi%}r?. Fi guree%, depicts a
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gouging a e separation of the halo and
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 éffset 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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transistor. Al so, the present invention, by preventing silicon Z&gﬁugi ng,
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exanple, the halo inplants 24 are shown in Figures 3 - 8. Figure 4 depicts
t hel®t r alectwode 2% Figure 3 following a polysilicon reoxidation step in 20

accordance w.t h enbodi f . [ kdRA-in BN
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optional and embodiments of the present invention form semiconductor devices without
15 such halo implants. These embodiments are not depicted in Figures 3 - 8, but one of
ordinary skill in the art would understand that the methodology of the present invention may
be performed with or without halo implants 24. However, for purposes of illustration and
example, the halo implanfs 24 are shown in Figures 3 - 8.
Figure 4 depicts the structure of Figure 3 following a polysilicon reoxidation step in
20 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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reoxidation portion 34 on _the sigew,all of the gate electrode 22. As shown in Figure 6A,
[eoxiodabon - -

portions of the polysilicon layer 26 that served as an étch-stop layer during the anisotropic

etching may be removed i certain embodiments by a wet etch process to expose the top
20  surface of the: substrate 20. An exemplary wet etch process ﬁat will remove the polysi]icbxi
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 implanfation of the source/drain extensions and the source/drain
regions. However, in certain other embodiments of the jnvention, the polysilicon
25 reoxidation layer 26 over the subsfrate 20 may be allowed to remain on the substrate 20.
This is because the thickness of the polysilicon reoxidation layer 26 on the subsﬁ'ate is so
relatively thin that implantations through the polysiiicon 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.



r~ i .ho n portions of the polysilicon |layer 26 that served as an etch
stop layer during the anisotropic etching may be renoved ¢@ri¥ilfl6
enbodi ments by a wet etch process to expose the top 20 surface of the=
subst r at ¥OBSK 8 exenpl ary wet etch process that will rerAEU0RE1105

pol ysilicon' reoxidation |ayer 26 wi thout attacking significantly the
silicon substrate 20 is a 1{00:1 HF solution, The renoval_of the
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15 As devices scale down, thin polysilicon is required. However, for thin polysilicon,
the boron penetration problem becomes worse. Furthermore, the polysilicon may be too thin
so that the entire polysilicon may be silicided, as mentioned above. This makes the poly/ate
oxide interface rough and causes 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 undefstood 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.



gouging exhibited in prior art sem conductor devices that used offset
spacers. This is 10 acconplished by the use of an etch top | ayer under the
dielectric layer fromwhich the offset spacers are etched in an

ani sotropi c etch step. Another aspect of the invention prevents boron
penetration and prevents the wundesirable silicidation of t e‘ﬁpﬁ¢ge
polysilicon gate el ectrode, which can cause gate oxide rel'aﬁ y

probl ens. Al so, this aspect produces |ess polysilicon depletion. 15 As

devi ces scale down, thin polysilicon is required. However, for thin

polysi$igmm&3: the boron penetration probl em becomes worse. Furthernore, the
pol ysi y be too thin so that the entire polysilicon may be

silicided, as nentioned above. This nakes the poly/ate oxide interface
rough and causes t ate oxide reliability problems. As depicted. in Fgure
o Phe' T nveRdrapd TRt agerconf e i viss iy iR g pUER B g g de
52 and pri ofprhRgtaRtcdedRRe dhital saBsthite;t he pol ysilicon 54, to prevent boron
penetration. Also, a later silicidation stops on this conductive netal

ni tride barfoiminglaatch s lagerrerthpewlsitetes of this process include little or

no polysiligon. depl.etion, Although th I nt invention has been descri bed
and il ust rféf%]&lgiaﬁuﬁlé%i?}llef‘ OP%hel elsegq %O%ang%lgg(grl y understood that the sane is

by way of idthigg tad hieideRgeewafmmeo Bl ¥parek o theSgal@tleb®oded anb atdpplignthby
way of limtation, the scope of the present invention being limted only by
the t¢hing of thetpichagiorelddietd clai ms. 7 20 JUN 2006 CLAIMS: 1. A nethod of
formng a sem conductor device with halo inplants, conprising the steps of:
formng a gate el ectrode on a substrate; formng an etch stop |layer on the
substrate; Afméthddgs elaimhdd indgainay efuriher tdepedich fehipe kayres/dradmelxtensidrisrig t he

nitride layer tg formoffset spacers on the gate el ectrode, and stopping
the eheRpdyatsifichiheatizide i%ygbﬁﬁ%%p.e@.edﬁu H%lyag?ffe}n&i Sty Foeges o the
furt hesprePimELsi A HoRitk WouSQHEES i fpSixgnsi ons in

3. A method as claimed in claim 1 or claim 2, further comprising forming halo implants in

the substrate prior to forming the nitride layer.

4. A method as claimed in claim 1, 2 or 3, wherein the step of forming an etch stop layer
comprises thermally growing oxide on the substrate and the gate electrode at temperatures

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

5. A method as claimed in claim 4, further comprising removing the exposed thermally
grown oxide layer after the nitride layer has been etched and prior to forming source/drain

extensions in the substrate.

6. A method as claimed in claim 1, wherein the etch stop layer is a polysilicon reoxidation

layer comprising silicon oxide.

7. A method as claimed in claim 6, further comprising forming source/drain extensions and
source/drain implants by implantation through the polysilicon reoxidation layer after the nitride

layer has been etched.




the substrate after the nitride |ayer has been etched, subsequently form ng
sidewal | spacers on the offset spacers, and form ng source/drains in the
substrate. 3. A nethod as clainmed in claiml or claim?2, further conprising
forming halo inplants in the substrate prior to fornming the X §UN 2886 | ayer
4. A nmethod as clained in claiml1, 2 or 3, wherein the step of form ng an
etch stop layer conprises thermally growi ng oxide on the substrate and the
gate el ectropde at tenperat.ures t ween abaut 700 C. to_about .900,C...5 A
ot hod-as CRANGHBRY FOBRIG N STap F ST CORBrF Be Agne eV PrE S Ab B AIbSUifsn

t her medebyida@srPMPer@XbRd b3 %8 etdhihg bf iHeiRide 1dydetd B¥eby Basosb aRnubiteed and
prior to formng source/drain extensions in the substrate. 6. A nethod as
claimed in claiml1, wherein the etch stop layer is a polysilicon

reoxi dation, | [Lsin I ol Xide.. 7. t . clal i
crarm,  TubchEroL skEPRbRElT Abh s, SPRTH M ued or AR AaE Qe ks
sour cedeetdierioh Rpdhaipt the BiytrideNhygntvati 9pldshiaa@hnt & thal sid highmitreexs daideon

| ayer after the nitride |ayer has been etched. 8 20 JUN 2006 8. A nethod
“as cl aieHsHVIth claim 7, further conprising renoving portions of the
polysilicon reoxidation |ayer exposed by the etching of the nitride |ayer
to thereby expose the substrate. 9. A nethod as clainmed in claim8, wherein
t he stHp of Tkt eddthgl blielaint 8] dehekreiyethe i ey wlasmovaacponviens @i tht ghulysijidohe
nitride |layer with | asma et chant gas that has a high nitride to oxide
selecUF9¥S?QWH@YQTWQH&§ﬂH3GugF@CIain18, wherein the step of renoving
portions of the polysilicon reoxidation |layer includes wet etching. 11.
The net hod of claim 10, wherein the step of etching the nitride |ayer

i ncl udels r ellet nwthoil oficlagh ¢ Bj wigereinghastep bfetchiag ére nitride layeplirdwdes etacheniongas
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a substrate;
12. A method of forming a semiconductor device, comprising the steps of:
forming a gate electrode on a substrate;
forming a polysilicon reoxidation layer over the substrate and the gate electrode;
depositing a nitride layer over the polysilicon reoxidation layer;
anisotropically etching the nitride layer and stopping on the polysilicon reoxidation layer
to form nitride offset spacers on the gate electrode; and
forming source/drain extensions in the substrate after the nitride layer has been etched,
subsequently forming sidewall spacers on the offset spacers, and forming source/drains in the

substrate.

13.  The method of claim 12, further comprising forming halo implants in the substrate prior

to depositing the nitride layer.

14.  The method of claim 12, wherein the anisotropic etching is performed with a reactive ion

etch process with a high nitride to oxide selectivity.




formng a polysilicon reoxidation |ayer over the substrate and the gate
el ectrode; depositing a nitride |ayer over the polysilicon reoxidation

| ayer; anisotropically etching the nitride |ayer and stopping on the
polysilicon reoxidation layer to formnitride offset spacer(jighiiihe gate
el ectrode; and form ng source/drain extensions in the substrate after the
nitride | ayer has been etched, subsequently form ng sidewall spacers on

t he of f set acers,  apd formng saurce/ drai in the sybstrate. 13. The
rothod  of  cif B et PEFeHBr e SHSTEI G SFr 94 ogTiig b PoRH AR SeP AR layet
substr é’&ﬁpl%ésochertﬁé?lyd?ﬁmﬁhé loRGet e R bdnsHard MPhe ddte cld@olB LN mMrattkai m
12, wherein the anisofropic etching is perforned with a reactive 1on etch
pr ocesbetwieehatpuh i7g0f Grite rbalw 900° ©xi de sel ectivity. 9 2 0 JUN 2006 15. The
met hod of claim 14, wherein the step of formng a polysilicon reoxidation
| ayer conprises thermally grow ng oxide on the substrate and the gate

el ectrpgle arhé aRBAUAIILS 15heheeaNhaRRULsiliteR réoxidiondakt isHMween dbbut ThA
met hod of claim 15, wherein the polysilicon reoxidation |ayer is between
about tombaut 3bAghislit 50 A thick. 17. The nethod of claim 16, wherein the
step of anisotropically etching the nitride layer includes reactive ion
etching with CHF3 plasma etch gas. 18. The nmethod of claim 17, further
conpri $7.ng TeReewtingl bhelaBx 16s ethefih Y5d biep VT dntworbpiRbilpBtchimy e @iriderlaydre
nitride | ayer has been etched and prior to form ng source/drain extensions
i n t helnchidpsrcaghtve ion gichingevipCHE s Pigsma eth§23:8, wherein the renoving of the
exposed polysilicon reoxidation |ayer includes wet etching the exposed
pol ysilicon reoxidation |ayer. 20. The method of claim 19, wherein the
exposetl8.pol ¥Yi¢ miethod of etaiin A&} fuethed @oneprisitg neefovatecheekposed polidhcah rebxidation

solution. 9 . . . . Do
layer af%er the nitride layer has been etched and prior to forming source/drain extensions in the

substrate.

19.  The method of claim 18, wherein the removing of the exposed polysilicon reoxidation

layer includes wet etching the exposed polysilicon reoxidation layer.

20.  The method of claim 19, wherein the exposed polysilicon reoxidation layer is wet etched

with 100:1 HF solution.
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