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An impressive control of the location of the deep source/drain implants creates the formation of source/drain
25  regions 22 that extend underneath the spacers 18 to the area indicated by 24. This is further than the desirable
region indicated by 26 in Fig. 3. Hence, the channel has been undesirably shortened due to the punch-through

of the D-shaped spacers 18 during the source/drain implantation process.
Another disadvantage of the D-shaped spacers 18 is the worsening of conformity for further film
deposition, necessary in such processes as the formation of a double spacer or the forming of an interconnect
30  layer dielectric. The sloping nature of the outer shape of the spacers reduces conformity in subsequent film

depositions.

SUMMARY OF THE INVENTION

There is a need for a method of forming a spacer and a semiconductor device that provides for
increased control of the source/drain implantation process, as well as improving conformity for further film
35  deposition. -
These and other needs are met by embodiments of the present invention which provide a method of

forming a spacer comprising the steps of depositing a spacer layer over a substrate and a gate electrode having
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Fig. 1 is a schematic, cross-sectional view of a semiconductor device during one phase of
manufacture in accordance with prior art methodology.

Fig. 2 depicts the structure of Fig. 1 following isotropic etching to form spacers in accordance with

30  prior art methodologies.

Fig. 3 shows the structure of Fig. 2 after a source/drain implantation process has been performed.

Fig. 4 is a schematic, cross-sectional view of a semiconductor device during one phase of
manufacture in accordance with embodiments of the present invention, following the deposition of a spacer
layer.

35 Fig. 5 shows the structure of Fig. 4 after the deposition of a protective layer on the spacer layer, in
accordance with embodiments of the present invention.

Fig. 6 depicts the structure of Fig. 5 following the etching of the protective layer in accordance with

embodiments of the present invention.
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The gate 32 has sidewalls 38 and a top surface 40. The sidewalls 38 of the gate 32 are typically

formed by a dry etching technique, such as reactive ion etching (RIE), and are substantially vertical and
planar,

25 A spacer layer 34 is shown deposited on the substrate 30 and over the gate 32, The spacer layer 34
may be made of any suitable dielectric material, such as a nitride, an oxide, a low-k dielectric material, etc.
The deposition may be by any suitable technique, such as chemical vapor deposition, for example. A suitable
depth or thickness of the spacer layer 34 is provided, and is dependent upon the desired width of the spacers
that will eventually be formed after etching of the spacer layer 34. In certain exemplary embodiments of the

30  invention, the spacer layer is deposited to a thickness of between about 300 A to about 800 A.

In conventional techniques, the formation of the spacer layer 34 is followed by an isotropic etching to
form D-shaped spacers, such as depicted in Fig. 2. The present invention, however, instead forms a protective
layer 42, as shown in Fig. 5, that is conformally deposited on the spacer layer 34. The material of the
protective layer 42 is different from the material forming the spacer layer 34. In particular, the material in the

35  protective layer 42 should be such that it is not substantially etched when the spacer layer 34 is subjected to an
etching by a particular etchant. In other words, during the etching of the spacer layer 34 to form spacers, an
etchant should be used that is highly selective to the material in the spacer layer 34. When the spacer layer 34
is made of nitride, for example, a suitable material for the protective layer 42 is an oxide, for example.

Further, the material of the protective layer 42 should exhibit good conformity.
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30  depositions, such as interconnect layer dielectric material. Due to the increased conformity, a thinner film
deposition for a second spacer formation may be employed. This makes larger spacers possible for devices
with a smaller pitch.

The present invention thus provides a semiconductor device and method for making the same that
exhibits a more controlled source/drain implant dose profile since there is no implantation penetration from the

35  corner of the spacer, and also allows larger spacers for devices with smaller pitch.
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 is not to be taken by way of

limitation, the scope of the present invention being limited only by the terms of the appended claims.
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ot her enbodi nents, the protective regions 44 are renoved as being

unneced¥ary aft er femeingtacprotegtivd layke (42) anethel spyedr 18¢er (3DE thaplot@tive layer

protective regj 44 - Whi are.very thin 25 (such as 10 angstrons) in any
event, does %gi[n%@\/aeégte%{ &E%%ﬁ.‘)’?gm&? ﬁ’é’/c‘flatﬁﬁalt foammgthe gpascoiasies the mataradl by

the |- shapedf sipap@teti¢6 layBtiBeing shile (@ hit isGat s 12119 etdhlg i Shhe ShaeVal | s
52 of the flist si dewal | spacers 46, an iInprove conformty is pro Ged

for further f3PHiSFuBisSiet fomn clehian by fastiomasiedchaof; a second si dewal | spacer

shown as second.gi I r 4 1 dashed lines in Fig. 8).

,(AI ternatively, coﬁ$ or %V\'% pfét@a solsaiy?rrpﬁg}eta IF%’PV‘(')tﬂi“FerF‘?thFégY?ieé@%ie{“'?e@hs,

such adSint erloogribe veitizylly edicading tsidevaBt Sl iha!spaddiQaf? thiteadeNGE238Y the

conformty, a.thinn & i&#‘ém de&gsition for a second spacer formation nmay be

enpl oyed. Thflge\%l%eg ] g galgsisclipde (fsi bl e for devices with a snaller

itch. The presengtj ' t [ sen conduc devi.ce and

Mot hod for i ng. e e R Sy A R GE RPE P o8t e cePdias

i pl ant  dose(3% 8hd peershe b tulace (409 ofchd it alek@bAOH 2P €N RIrfAti P BpdceRnubhe

35 corner of ﬁﬁ% saﬁea%er ag%also al I%v%/s | arger spacers for devices with

smal [ er pitch “RERoUGH AT Dr ¥R frch sk rrace( 46 Baving fvel sehstatsially adical

||| ust2it ed sidedalsabh) cxdndin doRalk® (CURIlelctRIELRLARM, L33! Lhe same is by
e

way of illustration_ and exanple only a IS not to b h by way of
limtation, the SREGIEMEIS ¢ Iseurse/dean timptangationowith ehegatei altdtedicomdythdyfikhe

terms of thepgppepdadng by dBstrdfe; and

forming second spacers on the first spacers after the source/drain implantation.

25 2. The method of claim 1, wherein the spacer layer (34) is deposited to a
thickness greater than 200A 4
3. The method of claim 2, wherein the protective layer (42) is formed to a

thickness between about 10A to about 100A.
30



WD 2005/ 069362 PCT/ US2004/ 035407 5 CLAIMS: 1. A method of forming a

sem conduct or device, conprising the sequential steps: formng a gate

el ectrode (32) having a top surface and vertically extending 5 sidewalls
(38) on a substrate (30); form ng source/drain extensions in the substrate,
enploying the gate el ectrode as a mask, then; depositing a spacer |ayer
(34) over iteowsulsssa2at e (30) and the gate el ectrode (32)pcTiOsfoosn35497 a
protective |ayer (42) on the spacer |ayér (34); the protective |layer being
of a material different fromthe material form ng the spacer |ayer, the
material of the proheaidivl bRYein Beimercst el dphad lhferi(34)MQta SiHhRt athal |y
et ched when the spacer |ayer is subjected to an etching by a particul ar

et chant ; etchiW@“ﬁﬁéebWQK@éﬂﬁwQQ&ﬂﬁw (42) to renpve the protective |ayer
(42) except 15 along the vertically extending sidewalls of the spacer

| ayer that are parallel to the sidewalls (38) of the gate el ectrode (40);
etching the spacer hayethof ) formingeravidongugpadéericd ao'rﬁpris(i@%él}hd‘ Eieithe
substrate (30) and over the top surface (40) of the gate electrode (32) to
formfirst spatéfSs (46) on the gate el ectrode (42) with each first spacer
(46) having two sub ' [ : S Is (52) extending
parallel to the gatg&@ngﬁpgﬁgﬂgﬁ§§§EFP%2@§§?g§%%%forning a source/drain

i npl antation with tdeogéhe aedpacdrriage @rd thichaibbirats tand spaeeekkcti@ikhaving he
substrate; and form ng secand spacerss on the first spacers after the
source/ drain i NIy ?%W¥§ﬁ@““?gy2¥mﬁ%€gﬁ@?ﬁ%@%of claim1, wherein the spacer
llayer (34) is deposfoh@thgtOprdiectiid fé&é}eo%sthggﬁa%&elﬁyérhan 200A 3. The met hod of
claim2, wherein the protective layer (42) is forned to a thickness

bet ween about 10A tdchihgtic HOGAlVERYNO2GOENVEBR3pRtdRATE USROOWMOBE40aCer 6 4.

The met hod of lgireari or\T/]er?’ thevt\'(*)qpe Etﬁar%arclze to?%lesé)a?é: eelgctlro%%%rnd @r?aﬂtaf-nsthg pp(jtetcrtii\/g ?ay%p gn the
the spacer layer parallel to the sidewalls of the gate electrode;
etching the spacer layer to remove the spacer layer from the substrate and
over the top surface of the gate electrode to form spacers on the gate electrode with
each spacer having two substantially vertical sidewalls extending parallel to the
gate electrode sidewalls; and
performing a source/drain implantation with the gate electrode and the

spacers masking the substrate.

6. The method of claim 5, wherein the spacer layer is deposited to a thickness
greater than 200 A.
7. The method of claim 6, wherein the protective layer is formed to a thickness

between about 10 A to about 100 A.

8. The method of claim 7, wherein the spacer layer is a nitride and the

protective layer is an oxide.

9. A method of forming a semiconductor device, comprising the sequential
steps:
forming a gate electrode having vertically extending sidewalls on a

substrate;



protective layer (42) is an oxide. 5. A nethod of form ng a sem conductor
devi ce conprising the sequential steps: form ng source/drain extensions in
a substrate; depositing a spacer |layer over the substrate and a gate

el ectrode having a top surface and vertically extending sidewalls; formng
a protective layer on the spacer |ayer; etching the protective |ayer to

renove t havonodwessxe | ayer fromthe spacer |ayer over thert9Rosisiqse of
the gate el ectrode and maintain the protiective |layer on the spacer |ayer

parallel to the sidewalls of the gate el ectrode; etching the spacer |ayer

to renove the spacefoh@y@SodiéOMati&iGHRAL [PhE stiliftatcOVer the top surface of
the gate electrode to formspacers on the gate el ecirode with each spacer

havi ng two subst ant f@hliyg festt sidevalbispleaml bis tex izetedélagraday addhefirst cidehvell gat e
el ectrode sidewalls; and perfarmng,a source/drain, i antation with the
gate el ect rode S PHES %;?ﬁgeogsveﬁ'bfgm’ r‘?éteflﬁ‘é}gé’%ﬁ@f F@Fgglllsﬁt.hatﬁ’f@ SHRS gLy 1

cl aim5, whereparallélo SiRACRE clb@y Rk si®ewdBPeslt ed to a thickness greater than
200 A. 7. The nethod of claim®6, wherein the protective layer is fornmed to

a thi ckness bet weeRerAiFgung agowce/dragb buplan@donawits therpate nletihott al the &irsn 7,

wherein the sp i . nitride and the protective layer is an
oxide. 9. A m?ﬁ%&alL a?%rrani%aﬁgmgﬂ%ee% (%%&uctor devi ce, conprising the

sequential steps: Hhemimgedtegal oraliRChirOsi@eayingeré@idiideal | y extendi ng
sidewalls on a substrate; WO 2005/069362 PCT/ US2004/ 035407 7 form ng

source/ drai n ext ensfGRSING & fpaces Ut xeethe ppbsiatryard the watsi edroalls agaber s on
the gate el ectfpfe,, S8k f(fd.r%ﬁ&raﬁli &?é@ohs %nst'ﬂggafspg@/' ng a pair of vertically
s stantia

ext endi ng pl anar sidewa at are su y 'parallel to the gate
el ectrode si dewal | sformng a protective layer on the spacer layer; and
etching the protective layer and the spacer layer to form the first sidewall

spacer.

10.  The method of claim 9, wherein the step of etching includes dry etching the
protective layer to remove the protective layer except for vertically extending
portions of the protective layer that are planar and substantially parallel to the gate

electrode sidewalls.

11. The method of claim 10, wherein the step of etching further includes
etching the spacer layer to remove the spacer layer from the substrate and over a
top surface of the gate electrode, leaving the spacer layer between the gate

electrode sidewalls and the vertically extending portions of the protective layer.

12. The method of claim 11, further comprising forming a second sidewall

spacer in the first sidewall spacer.

13. The method of claim 11, wherein the spacer layer is etched with an etchant
that is highly selective to the spacer layer and does not substantially etch the

protective layer.

14. The method of claim 13, wherein the spacer layer is deposited to a thickness

of between about 200 A to about 1000 A.



perform ng a source/drain inplantation wwth the gate el ectrode and the
first sidewall spacers masking the substrate; wherein the step of formng
first sidewall spacers includes: depositing a spacer |ayer over the
substrate and the gate electrode after the formng of the source/drain
extensions in the substrate; formng a protective |ayer on the spacer

| ayer; andvetobtd/ng3the protective |layer and the spacer | ayer/uksoohessmoyhe
first sidewall spacer. 10. The nethod & claim9, wherein the step of
etching includes dry etching the protective |ayer to renove the protective
| ayer except fab. vertheGabthyd ©ft@ndi 18 whOkld 8RS Eecﬁb@ugiepﬁseeéﬂo\éﬁed ayer
that are planar and substantially parallel to t%e gate “el ectrode
sidewal | s. 11. thiplneseefthstvesn aboai H 2093hhédéDA the step of etching further
i ncludes etching the spacer |ayer to renove the spacer layer fromthe
substrate and over a top surface of the gate el ectrode, |eaving the spacer
| ayer between the gate electrode sidewalls and the vertically extending
portions of the protective |ayer. 12. The nethod of claim 11, further
conprising formng a second sidewall spacer in the first sidewall spacer.
13. The method of claim 11, wherein the spacer layer is etched with an
etchant that is highly selective to the spacer |ayer and does not
substantially etch the protective layer. 14. The nethod of claim 13,
wherein the spacer layer is deposited to a thickness of between about 200
A to about 1000 A. WD 2005/ 069362 PCT/ US2004/ 035407 8 15. The net hod of
claim 14, wherein the protective layer is deposited to a thickness of

bet ween about 10 A to about 100 A



