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—WVETHOD AND APPARATUS FOR POST SILICIDE SPACER REMOVAL
Tl THE I'NVENTION Field of the Invention
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spacer while protecting the silicide layer from damage.

Description of the Related Art
It is known that appropriately applied stress in a device channel can be
15 . beneficial to the performance of the device. The applied stress may be
obtained through, among other means, the use of a stressed nitride liner as a
contact etch stop layer. It is also known that the stress from the nitride liner
is more efficiently transferred to a device channel when it is brought in close
proximity to the device channel.’ .One means of accomplishing this .is to
20 remove the sidewall spacers typically employed in the art prior to stressed
nitride liner deposition. The sidewall spacers are commonly employed for a
number of purposes, such as offsetting the heavily doped source and drain
regions of the metal-oxide-silicon field effect transistor (MOSFET) from the
channel region and to block silicidation between the source and drain regions

25 of the MOSFET and the gate electrode.
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25 of the MOSFET and the gate el ectrode.
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Additionally, the thickness of the stressed liner that
can be enployed is often limjed by the aspect ratio
of the spaces to be filled with the stressed Iiner.
This limtation can be mtigated sonewhat by renbving
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10 Conventionally, there exist several known methods for removing

sidewall spacers. One such method involves removal of the spacer prior to

silicidation of the device. A problem with this process is that, upon
silicidation of the device, it is difficult to control the lateral position of the
silicide in relation to the gate. Thus, this first method of spacer removal

15 requires one to use a thin liner material, such as oxide, pesitioned immediately
beneath the spacer to be removed to block silicidation between the source and
drain regions of the device and the gate electrode.

Typical surface preparation methods for optimal silicide formation
include oxide and nitride etches, which attack the thin liner material,

20 particularly at the edges, where two-dimensional etching effects are present.
As a result, the controllability of such a process is poor, and product yield loss
is a likely result.

A second method of spacer removal involves removal of the spacer

after silicide formation is complete. A“brute-force” approach is impractical,
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SUMMARY OF THE INVENTION

In view of the foregoing and other exemplary problems, drawbacks,
and disadvantages of the conventional methods and structures, an exemplary
15 feature of the present invention is to provide a method (and apparatus) in
which a nitride spacer may be removed after silicidation while protectiné the
silicide from attack.
Accordiﬁg to a first exemplary aspect of the present invention, a
method of post silicide spacer removal includes preventing damage to the
20 silicide through the use of at least one of an oxide layer and a nitride layer.
According to a second exemplary aspect of the present invention, a
method of post silicide spacer removal includes depositing an oxide layer over

the spacer and the silicide, and depositing a nitride layer over the oxide layer.
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aspects of the present invention, it is possible to increase device performance

beyond what is possible with a traditional stressed nitride liner process.

BRIEF DESCRIPTION OF THE DRAWINGS
15
The foregoing and other exemplary purposes, aspects and advantages

will be better understood from the following detailed description of an
exemplary embodiment of the invention with refe;rence to the drawings, in
which:

20 Figure 1A illustrates a partially processed MOSFET 100 after a
silicidation and prior to removal of the nitride spacer according to an

exemplary embodiment of the present invention;
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silicide spacer renoval according to an exenplary

enbodi ment dfigure 3B illustrates deposition of an oxide layer 307 in the method

10 200 of post silicide spacer removal according to an exemplary embodiment of
the present invention;

Figure 3C illustrates deposition of a nitride layer 308 in the method
200 of post silicide spacer removal according to an exemplary embodiment of
the present invention;

15 Figure 3D illustrates etching of the nitride layer 308 in the method 200
of post silicide spacer removal according to an exemplary embodiment of the
present invention;

Figure 3E illustrates etching of the oxide layer 307 in the method 200
of post silicide spacer removal according to an exemplary embodiment of the

20 present invention;

Figure 3F illustrates etching the nitride from the wafer in the method

200 of post silicide spacer removal according to an exemplary embodiment of

the present invention;
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DETAILED DESCRIPTION OF EXEMPLARY

EMBODIMENTS OF THE INVENTION

Referring now to the drawings, and more particularly to Figures 1A-4,
15 there are shown exemplary embodiments of the method and structures
according to the present invention.
Figure 1A depicts a modern MOSFET structure 100. The MOSFET
100 depicted in Figure 1A has been processed up to the point of contact etch
stop liner deposition. The silicide layer 102 has been deposited over the
20 substrate 101. Preferably, the silicide layer 102 has a thickness in a range of
Snm to 20nm. At this point, however, the spacer (e.g., the nitride spacer) 104
is still intact. Exemplary aspects of the claimed invention are directed to

removing the nitride spacer 104 without attacking the silicide layer 102.



silicide spacer renoval according to an exenplary
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the present invention.
processed wafer (step 201). Next, a nitride layer is deposited over the oxide
10 layer (step 202). Then, an isotropic nitride etching is conducted to expose
the oxide layer on the sidewalls of the spacer (step 203). Once the oxide is
exposed, the exposed oxide is removed using a short oxide etch to expose the
nitride spacer (step 204). The nitride layers on the wafer, including the
deposited nitride masking layer and the nitride spacer, are removed using an
15 isotropic nitride etch (step 205). The oxide which was deposited in step 201
protects the silicide and the underlying silicon substrate from exposure to the
nitride removal etch altogether.
Figures 3A-3H further illustrate the post silicide spacer removal
method 200 of the present invention, by depicting a processed MOSFET 300
20 during each step of the spacer removal method 200.
Figure 3A depicts a MOSFET 300 processed up to the point of contact
etch stop liner deposition. The structure includes a substrate 301, which is

typically made of silicon. However, the substrate 301 is not limited to a

silicon substrate and any suitable substrate material may be used in place of



Figure 2 depicts a flow diagramillustrating a nethod
200 of post silicide spacer renpval according to an
exenpl ary enbodi nent of the pr%sent i nvention. The
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A thin, low-temperature oxide layer 307 (see Fig. 3B) is then deposited
on the wafer 300. It is preferable that the oxide layer 307 1s uniformly
deposited on the wafer 300. Additionally, the oxide layer 307 is deposited on
the wafer by a conformal deposition. The oxide layer 307 will prevent the
substrate from exposure to the nitride spacer removal etch. The oxide layer
307 may include any oxide and is_ not limited to any particular oxide material.
However, preferable oxide materials include low temperature CVD oxides,
plasma enhanced CVD oxides, chemical oxides, and TEOS.

The thin oxide layer prefefably has a thickness in a range from
approximately 20 A to 5004, more preferably in a range of 50 A to 100A.

For purposes of the claimed invention, a low-temperature oxide (LTO)

refers to an oxide layer deposited at approximately 480°C or below. If the

oxide is deposited at a higher temperature than 480°C, then the nitride-silicide



305 may include any suitable gate material including,

but not limted to, netal, polysilicon, silicide, or
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The nitride layer 308 is deposited to form a horizontal nitride layer
region 311 and a horizontal nitride layer region 310 disposed over the silicide
layers 306, 304, parallel to the surface of the substrate 301. The nitride layer
308 also includes vertical nitride layer regions 309 disposed over the sidewalls
of the nitride spacer 302. The horizontal nitride layer regipns 310, 311 have
a thickness that is greater than the thickness of fhe veﬁical nitride layer
regions. The thickness of the horizontal nitride layer regions 310, 311 is
preferably in a range from 100A to 10004, whereas the thickness of the
vertical nitride layer regions 309 is preferably in a range from 0A to SOO-A.

The nitride layer 308 is preferably deposited using a plasma enhanced
chemical vapor deposition (CVD) process. However, any other suitable

deposition process may be used, such as rapid thermal CVD or low pressure
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480C or below. If the oxide is deposited at a higher
tenperature than 480C, then the nitride-silicide 9

wi || agglonerate or denonstrajg other erratic

behavi or, such as encroachnent into the source and

drai n extensions, potentially degrading off state

| eakagecob, ad Idfg Btk 6&ultinly sBuGORALIUIS id hdHcHBfobBalWeskition as
however, then t%e oxi de layer may be deposited at a
tenperq%%&ﬁmgf approxi mately 500C or below. A nitride
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regi ons. The thickness of the horizontal nitride |ayer
r egi ons2031®, m3Pld pllasna power range of 0.05-0.3 W/cm? and a bias power of 0-

40 V.
Preferably, only the portions of the nitride layer 308 disposed on the
sidewalls 312 of the nitride spacer 302 are removed so that the silicide layers
15 304, 306 remain protected. This is achieved through the intentionally non-
conformal deposition of the nitride layer 308.
That is, because the vertical nitride layer regions 309 have a thickness
that is smaller than the thickness of the horizontal nitride layer regions 310,
311, the entire nitride layer 308 disposed on the sidewalls 312 of the nitride
20 spacer 302 may be removed without exposing the oxide layer 307 disposed
over the silicide layers 304, 306. That is, the nitride layer 308 disposed on
the sidewalls 312 of the nitride spacer 302 will clear before the nitride layer

308 disposed over the silicide layers 304, 306.



preferably in a range from 100A to 1000A, whereas the
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i ntentionally non-

during the subsequent nitride etch.

The remaining nitride, including the nitride spacer 302 and the nitride
masking layer 308, is isotropically etched from the wafer 300 (see Fig. 3F).
The nitride etch preferably uses a hot phosphoric acid dip. The hot
phosphoric acid dip includes phosphoric acid and hydrogen peroxide at a

temperature in a range of 100°C and 200°C, more preferably in a range of 130°C
and 160°C. Alternatively, one could employ a dry etch process which is
selective to the underlying oxide layer 307.

Once the nitride spacer 302 is removed from the wafer 300, an
optional short oxide reaction ion etch (RIE) may be used to remove the
remaining oxide layer 307 (see Figure 3G). As depicted in Figure 3G, the
entire nitride spacer 302 is removed without attacking the deposited silicide

layers 304, 306.



conformal deposition of the nitride |ayer 308. That

i's, because the vertical nitride [ayer regions 309
have a thickness that is smaller than the thickness
of the horizontal nitride |ay regi ons 310, 311, the
entire nitride |layer 308 di sposed on the sidewalls 312
of the nitride 20 spacer 302 may be renoved w t hout

exposi ng the ' [ :
ot of do 1 ay ey SHisgne. 3 gPerdpTaly SPOSRELRTE gt 3P may be
308 di sposed .on he si lls. 3 of . the nitride
spacer 3850 PRerchESams aft Pt B M g 1 RS gpanced
di sposed over the silicide |ayers 304, 306. 11 A .
short dvige perfernanse. tyRicallydensile fitridssiecpaYskiopRegative

| ayer 307 di sposed on the sidewalls of the nitride
spacer damel Gelhepssetransistons (VFElks).spd cempresssvaieipides atd

in Fig. 3E, a corner portion 313 of the oxide |ayer

8307 diesgnsed fonpdshiechintrl fielt effoe (Ripsisers (BORTed] atefiatively,
to the substrate 301 is not renoved during the short

oxi de gf f-opliPFal SRENEXidPRIE isAdt Sdrndiueled e s@sbnitrld@YBkr 314
307 remains on the device 300 to reduce over-etchi ng.

Thue, U9k RABSSED L A0S-PLERRIIG RABLLID, 2, Thor

oxi de r nduct ed | ong

enough to cl.ear the oxi.de |ayer 307 disposed on th

i deval | 5 of TEEERER I GYACRT i f HOTRESRBASHHG A0 A to

cor ner of ghe silicide layers 306. This |eaves the

si i ci de0PAy@ikmaperefesbhca Birkness i arange RE SULA ith§0G0de The

subsequent nitride etch. The remaining nitride,

Ibncl udistrgsset eitrii¢ Hiyete 19dme enprda0&l dreds trémsfeneffroiabey due to the
thinner (or completely removed) spacer. For purposes of the present

application, “stress transfer efficiency” is defined as the.stress induced in the
device channel for a given nitride 314 stress and thickness. In addition,
because the total spacer width is reduced (or completely removed), the
15 possibility of void formation during nitride fill of nested structures is reduced.
Since the free space between dense gate structures is larger (as a result of
removing the spacers), one can utilize thicker stressed nitride than might
otherwise be allowed. By reducing the spacer thickness, and subsequently
increasing the liner thickness by an equivalent amount, further enhancement to
20 device performance may be obtained.
An additional advantage of the post silicide spacer removal method of
the present invention is that the gate 304 is never exposed to the etching

processes. Therefore, there is minimal negative impact on the device



maski ng | ayer 308, is isotropically etched fromthe

waf er 300 (see Fig. 3F). The nitride etch preferably
uses a hot phosphoric acid dip. The hot phosphoric

acid dip includes phosphoric acid and hydrogen

peroxide at a tenperature inlda range of 100C and

200C, nore preferably in a range of 130C and 160C.

Al ternatively, one could enploy a dry etch process

whi ch hagelegpigsyiecase thredagradatioy asieciaied sethisdigide agdfpr silicon
Once the nitride spacer 302 is renoved fromthe wafer
300, arerosiqt dwinglspadeoramanl etehing sctviowled entirebt ch (Rl E)

may be used to renove the renmaining oxide |ayer 307

(see Fi gur e Bfyre 4ABustiaRs ah eppdratudi@Lfoe thd@ost dilecidesridinbh & of a
nitride spacer 302 is renoved w thout attacking the

deposi tggliasis %Ac@f H€ordi Y SR e%%plal%p&nbokgn%ﬁtof i esEﬁtrfﬁventlon

an appropriately stressed nitride |ayer

?epOSI tﬁ,d a%‘éer %ng udes %99)(18?06 ols:ftlgé u% 401 a r}li%dg%epositing

o obtaily ev ce per FIPAN G
tensile nitrides are enp ed for neg atlve channe
field ML PR f‘é‘E*B?%“f(‘Kiﬁ—@Té? OX'QHStCEB’ﬁﬁ‘Pés‘QF%d a stressed

nitrides are 5 enpl oyed for positive channel field

ef f ect nirdadinetdepesifiPFENs05. Al ternatively, if the
optional short oxide RIE is not conducted, the

stressed ni tTHedaideadeposi Gdglunind(i dt@odtspnhint v ewgeratuneoxide
device depicted in Figure 3F. The stressed nitride

| ayer Jidder haFomnly Bi&laNREcesicd vwarérandde @ftridO8epBsitifg unit 402 then
1500A, and nore preferably a thickness in a range of
1900 A td%pgrgggﬁ‘ am-wt‘?oplc layer over the previously deposited oxide layer.

The nitride etching unit 403 exposes the oxide on the sidewalls of the

spacer only. The oxide etching unit 404 removes the oxide on the sidewalls
of the spacer to expose the nitride spacer. The nitride etching unit 403 then
removes all of the nitride, including the nitride masking layer and the nitride

15 spacer from the wafer. The stressed liner depositing unit 405 deposits an
appropriately stressed liner over the wafer.

The present invention provides a method (and system) for post silicide
spacer removal where the nitride spacer may be removed while protecting the
silicide from attack. Because of this feature, the spacer may be removed

20 without affecting the extrinsic series resistance of the device.

Therefore, by employing the method of the present invention, one can

improve the stress transfer efficiency of a given contact etch stop liner

process, increasing device performance. Additionally, removal of the nitride



10 stressed nitride |ayer 314 has inproved stress
transfer efficiency due to the thinner (or conpletely
renoved) spacer. For purposes of the present
application, "stress transferygfficiency" is defined
as the stress induced in the device channel for a
given nitride 314 stress and thickness. In addition,

becaus esptaa# ch1& ths RACETthivk G isedssd lif45Gad c6ﬂ)§equently, further

conpletely renoved), the 15 possibility of void

fornatigma%%hkggﬁqukgggﬁ&%&%cgf nested structures is
[ r

r educed. nce the e space between dense gate

structures igs, larger (as result of  renovi th

Spacer s) - ortmuB i ri5a Res en gpseBbre LSBT ARe TG exemplary
than m ght otherwi se be allowed. By reducing the
spacer tRbedimeys thessgkidlad gethe an il reqogeize ghat ﬁ@ ipyeation can be
Il iner thickness by an equival ent anount, further

énhanc eprecticed ovi®Onatification pethirotheapicie andiscope obtht appended

An addi tional advantage of the post silicide spacer

renmoval clgmishod of the present invention is that the

gate 304 is never exposed to the etching processes.

The_r efore, tlﬂﬁ'{h‘ér, iSis dbidl %Il A@gﬁgﬂty’QnﬂeHH@% erQ:'%n{p!a?s equivalents
device 13 characteristics, because the degradation

associ ated Wil clds 20dkoialhtl 6oy SOOSLEN.

duri ng sSpacer renoval’ ‘etching is avoi ded At te y.

Figure 4 illustrates an apparatus 400 for the post
silicide renoval of a nitride spacer according to an
exenpl ary enbodi nent of the present invention. 5 The
apparatus 400 includes an oxide depositing unit 401, a
nitride depositing unit 402, a nitride etching unit

403, an oxide etching unit 404 and a stressed



nitride liner depositing unit 405. The oxide
depositing unit 401 deposits a thin, |ow tenperature
oxide layer uniformy over a processed wafer. The
nitride depositing unit 402 then 10 deposits an

ani sotropic |layer over the prlévi ously deposited oxide
| ayer. The nitride etching unit 403 exposes the oxide
on the sidewalls of the spacer only. The oxide
etching unit 404 renoves the oxide on the sidewalls

of the spacer to expose the ntﬁjdﬁﬁgspacer. The
nitride etching unit 403 .then Tenoves all of the
nitride, including the nitride nmasking |ayer and the
nitride 15 spacer fromthe wafer. The stressed |iner
deposi tWhY iutiFimedds deposits an appropriately
stressed liner over the wafer. The present invention
provi des a nethod (and system for post silicide
spacer It eromathodlépest sitieidaispacedenspyalc esmprigingdye r enoved
whil e protecting the silicide fromattack. Because of

1 hi s f eat ple@entinb AaSRACOthdB)iciBE tHr QUPBMBE o2&} 1¥st HRLif
affecting the extrinsic series resistance of the

devi ce.,n TRRIQ5RE 8nd PYitSiPLAYI Ng the nethod of the

present invention, one can  Inprove the stress

transfer efficiency of a given contact etch stop |iner
process, increasing device perfornmance. Additionally,
renmoval _of the nitride 14 spacer enabl es the use of

thi cker?: sthhe Sedhpd SeRUANE 1 AR d nUEGEFTIMBISINgy  t her
enhancenment of device performance. Wile the invention
has been desleposhing saidl Qxadagyesfoverca mirfare efaepgst sibgide wafer, said

3 oxide layer being deposited over said spacer and said silicide, said spacer and
4 said silicide being formed on a substrate of said post silicide wafer.

1 3. The method according to claim 2, wherein said oxide layer is deposited
2 conformally over said post silicide wafer.

1 4. The method according to claim 2, further comprising:

2 depositing said nitride layer over said oxide layer.

1 5. The method according to claim 2, wherein said nitride layer is deposited

2 - non-conformally over said oxide layer.



enbodi nents, those skilled in the art will recognize
that the invention can be 5 practiced with

nodi fication within the spirit and scope of the
appended claims. Further, it jis noted that,
Applicants' intent is to enconpass equivalents of al
claimelenents, even if anended | ater during

prosecly irfifmefdd a%ll}@to ML 4.1 whetdiRis A8 Nithide 1aderkis dé)osned
met hod of post silicide spacer renoval, conprising:

reZ\s/tem(:)SIH(é to gfe‘ a cal go}tlgg ?%}(ﬁe Eﬁ\ftlgﬁe dtagér%ﬁlpn%‘ y: tR{ckﬁéss H_hat is
2. The nethod accordlng to claim1, further

Tonpri STHRYCr Danjz Fekneisdy 2 %ﬁﬂaortsaelpﬁéﬂcrna%fé?ldd\%&de kpyer.
surface of a post silicide wafer, said 3 oxide |ayer
bei ng deposited over said spacer and said silicide,

said spacer and 4 said silicide being fornmed on a

subst r at Fhetnegmiddc@oding $o ¢lhiti deummbdrenmpiisidg: The net hod
according to claim2, wherein said oxide |ayer is

sleposited  2(haff QIdRIddY 18¥¢E10 Xpbst DRRHioSbf the bLiGe Jayer
wafer. 1 4. Thgﬂiethod ac%%rdlng to claim 2, furthgr

onpr i nitride |ayer over said
%X| de Isdég)}gsed% ;gSﬁ’é%ﬁdntdf@ SSgéléag{:cor ding to claim 2,
wherein said nitride |layer is deposited 2
non-conformal Iy over said oxide |ayer.

1 8. The method according to claim 7, further comprising:

2 etching the portion of the oxide layer which was exposed by said
3 etching said nitride layer to expose said spacer.

1 ‘9. The method according to claim 8, wherein said etching the portion of the
2 oxide layer comprises a short oxide etch.

1 10. The method according to claim 8, further comprising removing said
2 spacer and a remaining portion of said nitride layer..

3

1 11. The method according to claim 10, further comprising:

2 removing a remaining portion of said oxide layer.

1 12. The method according to claim 10, further comprising:

2 depositing a stressed nitride layer over said post silicide wafer.



16 1 6. The method according to claim4, wherein said
nitride layer is deposited 2 such that a vertica
portion of said nitride |ayer conprises a thickness
that is 3 smaller than a thickness of a horizontal
portion of said nitride layerl7 1 7. The net hod
according to claim4, further conprising: 2 etching
said nitride |layer to expose a portion of the oxide
Vayer 13- Thespebediaghrdngiofdaim I fgthes spmpdpnger . 1 8.
The met hod according to claim 7, further conprising: 2
2t chi ng t he rgoetinpsuidspacérevithoutienpaaies savhsibtidevas
exposed by said 3 etching said nitride |ayer to
expose said spacer. 1 9. The nmethod according to claim
8, wherein said etching the portion of the 2 oxide

{ ayer QanprhsReindd 38 din@¥d A8inei L Rurter L8mprd$igg: Met hod
according to claim8, further conprising renoving said
I

spacer an 4 I i 11 Q0. Of L VL
Fayer g 1 Ol Bl RREAL B re S HA AR warer.
further conprising: 2 renoving a remaining portion of
said oxide layer. 1 12. The nethod according to claim
10, further conprising: 2 depositing a stressed _
hi t ri ddS1 aybe methed agearding bs¢laig) 2.iveliearin vid exide 1qper qomygises a
The nmethod according to claiml, further conprising:

2 thickness in a range of 20 A to 500 A.

1 16. The method according to claim 2, wherein said oxide layer comprises a

2 thickness in a range of 50 A to 100 A.

1 17. The method according to claim 4, wherein said nitride layer comprises a
2 thickness in a range of 50 A to 1000 A.

1 18. The method according to claim 6, wherein said vertical portion of said

2 nitride layer comprises a thickness in a range of 0 A to 500 A and said

3 horizontal portion of said nitride layer comprises a thickness in a range of 100
4 A t0 1000 A

1 19. A method of post silicide spacer removal, comprising:
2 depositing an oxide layer over a spacer and a silicide; and

3 depositing a nitride layer over said oxide layer.



2 renoving said spacer wthout inpacting said
silicide. 1 14. The nethod according to claim 13,
further conprising: 2 depositing a stressed nitride
| ayer over said post silicidggwafer. 1 15. The net hod
according to claim 2, wherein said oxide | ayer
conprises a 2 thickness in a range of 20 A to 500 A
1 16. e BE5R ij BV, coMifisiign said
'oxi de I-Egyegq{é%ﬁ%dri sesrghage%%cgklﬁ?g}sﬁi% a rsar%ge of 50
to 100 A 1 17. Th ho: cordi.ng. to .cl.aim4,
@her ein sai ALY %aé(?fpaqlgéerr‘%g]oo%%lr[ﬁ aé:{sm Sm(gSlfl ﬁllg%kaﬁléss in
a range of 50 A'to 1000 A .1.18. The ng%hod.according
Yo claim 6, dGPRsIEER SLrgssgd RERES [YFT Q8T taibposhFiligide ¢y afep.
nitride |layer conprises a thickness in a range of 0 A
to 500 A and said 3 horizontal portion of said nitride
| ayer conprises a thickness in a range of 100 4 Ato
1000 A1 19. A method of post silicide spacer renoval,
conprising: 2 depositing an oxide |ayer over a spacer
and a silicide; and 3 depositing a nitride |ayer over
said oxide layer. 18 1 20. A nethod of post silicide
spacer renoval, conprising: 2 renoving said spacer
wi t hout inpacting said silicide; and 3 depositing a
stressed nitride | ayer over said post silicide wafer.



