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1 METHOD AND APPARATUS FOR PCST Sl LI Cl DE SPACER
REMOVAL 5 BACKGROUND OF THE | NVENTION Field of the
I nvention The present invention generally relates to
a method for post silicide 10 spacer renoval, and
nore particularly to a nethod for renoving a nitride
spacer while protecting the silicide layer from
danmage. Description of the Related Art It is known
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liner as a contact etch stop layer. It is also known
that the stress fromthe nitride liner is nore

efficiently transferred to a device channel when it
is brought in close proximty to the device channel.
One neans of accdbACKGEROND QFSTHE INYENTH®Npve t he
sidewal | spacers typically enployed in the art prior
to stressed nitride |liner deposition. The sidewal l

spacers are comonly enplRNFdd Rbenfion NnUnber of
pur poses, such as offsetting the heavily doped source
and drain regions of the nmetal-oxide-silicon field
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spacergremoval, and more particularly to a method for removing a nitride

spacer while protécting the silicide layer from damage.

Description of the Related Art -

It is knownr that appropriately applied stress in a device channel can be
beneficial fo the performance of the device. The applied stress may be
obtained througﬂ, among other means, the use of a stressed nitride liner as a
contact etch stop layer. Ttisalso Ifnown 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 ris to
remove the sidewall spacers typif:ally emp]oyed 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

of the MOSFET and the gate electrode.
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Additionally, the thickness of the stressed |iner
that can be enployed is often Iimted by the aspect
ratio of the spaces to be filled with the stressed
liner. This limtation can e mtigated sonewhat by
removing the sidewall spacers fromthe gate

el ectrode, reducing the aspect ratios of the nost

densel y 5 plassdingahetai@edsioddrsiressedlindnigt chebasmsoged is
ratios of the nost densely placed gate structures,

thus enakliing bkoli% %ggc{t?]‘fiﬁot ek Shacs s BSHRG With HeStressed

Thinning or re e spacer is quite difficult,

however , e to.the .1V L i Qrit: .
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si dewal | spacers. One such nethod invol ves renoval of
t he gpaedgaprlcotrodes, redudingthd asneetrages afiee mesideeselyplaced
problemw th this process is that, upon silicidation
of t hewdenteess, thus emblihg fhewist of thokerantssed lindre | at er al
position of the silicide in relation to the gate.

Thus, thispfidisd oot he $REG N quiRWViBh]:, howe @G Udueas the
one to use a thin liner matérial, such as oxide,

positioned i . at el nea ;
r emféﬂcq{vgygﬁﬁﬁm%}t??g?o 2? i on é%ﬂ\f\l'gteﬁ% 12512%18? glgmgaﬁléﬂl the
drain tciagi ons of the device and the gate el ectrode.

Typi CidesAnpfos aEds 8357 at i on net hods for opti mal

silicide formation
: Conventionally, there exist several known methods for removing

“sidewall spacers. One such method involves removal of the spacer prior to
Silicidatién of the device. A pfoblem with this process is that, upoﬁ

| 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
requires one to use a thin liner material, such as oxide, positioned 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 méteriai,
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,



i nclude oxide and nitride etches, which attack the

thin liner material, 20 particularly at the edges,
wher e two-di mensional etching effects are present.

As a result, the controllability of such a process is
poor, and product yield loss is alikely result. A
second net hod of spacer reno¥al involves renoval of

the spacer after silicide formation is conplete.

A'brut e-force" approach is inpractical, 3 however

r equi rhqvgvet @qu%gg §Fe uspolean il ahemisEY Mpchisre Ff?f‘&aﬁeﬁy remove
effectively renove the nitride spacer but is

sel ectthw eittide spréed byt ihedectivy tochopdedbesivlly daped sifipeh, and silicide.
silicide. This puts many constraints on the type of

et chi Nphit @t Ay cdetraise on e tyerafeehing et spabeused koremove
addi tion, because the silicide is exposed to the '

~etch, &b gpacélj. | ¢ hfiRdre Bl ah fNAEsiTEYe RexpPRad At etch, the
resulting in an undesirable increase in extrinsic

resi LS @Bst%ﬂ% Igéliﬁ%%gdﬂégraﬁé& $EQdnY ih Ql‘?glfdﬁ%thﬁgc ease in

conventi ohal” pos e spacer renov s
that allow.the nitrid to be renoved while
pr ot ecPiHgiS fraistaneq LSO Tt ack. SUMVARY OF THE
I NVENTION I n view of the foregoing and aqt her
exenpl ary - prrewnirHherearaip seRstio shPEGER RE gReoBt
the conventional nethods and structures, an exenplary
f eat urreetbbdsttha ajoe deentitrida veaset torbe rgnavied phde pepeecting the
nmet hod (and apparatus) in

silicide from attack.

SUMMARY OF THE INVENTION

In view of the foregoing and other exemplary problems, dravﬁiacks,
and disadvantages of the conventional methods and structures, an exemplary
feature of the present invention is to provide a method (and apparatus) in
which a nitride spacer may be removed after silicidation while protecting the
silicide from atiack.

Accordiﬁg to an aspect of the present invention, there is provided a
method of removing a spacer from a post silicide structure, the post silicide
structure including the spacer and a silicide layer formed on a substrate, the
method comprising: depositing an oxide layer over a surface of said post
silicide structure, said oxide layer being deposited over said spacer and said

silicide layer; depositing a nitride layer over said oxide layer; etching said



which a nitride spacer may be renoved after
silicidation while protecting the silicide from
attack. According to an aspect of the present
invention, there is provided a nethod of renoving a
spacer froma post silicide structure, the post
silicide structure including the spacer and a
silicide layer formed on a sWastrate, the nethod
conprising: depositing an oxide | ayer over a surface
of said post silicide structure, said oxide |ayer
bei ng deposited over said spacer and said silicide

| ay qlitridd 8ResiotdxPescd %Hrﬁéﬁ §€sali DY BHe BYEF disstised 6X b dRlewall of
| ayer; etching said 3a nitride |layer to expose a

por t_i. S i AL | :
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whi ch .exposed. sai d etchi. sai.d nitride | ayer
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a renainiqg portion of said. itnid? | ayer. According
to &Pa%F a1d LIcEMYIRE POkie OdsHe Mitids [vRe present
invention, a method of post silicide spacer renoval

i ncl udes Ascendingtto adird snemgplatyembodimeit pf & greseri iigaton, a
the use of at |east one of an oxide layer and a

ni t mhedteod afypest silidiieapabicngniovaldndedss petventenplamiaye to the
enbodi nent of the present invention, a nethod of

POStyilRideitifbeleh B G af RAR YA of MMCdxitidasycd ePShitridedayah
oxi de | ayer over the spacer and the silicide, and

deposi ti ﬁ%c&dﬁf.gt‘& iag@cohé‘}é%mﬁéﬁ?ren{%ain?@ﬁit GFiné PoeSdnt irfbention,

amethod 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.



The present invention provides a nethod (and systen)
for post silicide spacer renoval where the nitride
spacer nmay be renoved while protecting the silicide
fromattack. Because of this feature, the spacer may
be renoved w thout affectiqng the extrinsic series
resi stance of the device. 5 Therefore, by enpl oying
the nethod of the present invention, one can inprove

t he stressrmadshEhvaitibh prRnRY a afetRdgbnedysemn tagbst silicide
etch stop liner process. Additionally, a thicker :

str es%g%a ?%%J\Jgg%hlnie%{jnim s &e%@ﬁb@ﬁ%ﬁﬁé@whﬂ@?mtecﬁng the

aspec nested structures Is reduced, Turther

i ncreasi, t he _anou of r imparted to th

devi COTUIFEB R0 FREMBY 8T o Pnabaiysy bylgmoved

ot her uni que -and unobvi ous exenpl ary = _aspects of the

pr es evithqupgiasting the exgrinsic ssgeseHpaned! thddegisee devi ce
performance beyond what is possible with a )

t r adi t i ondlhesforestssecnplpying the nhathnsirof theopresest inBRItER, one can
DESCRI PTI ON OF THE DRAW NGS 15 The foregoi ng and

. Ot heripRxQaRheties PLfifes eficicsPeri sivanebniay ek sgp tiner
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will be better understood fromthe foll ow ng detail ed

desc :ﬁrgéeisg n ,ﬁﬁiil?&g%alels,xaeﬂﬁlkar Yre S B ABRer Rfay bBBsed because

i nvention w ence.to the drawi ngs, in which:
20 Figure 1A-illustrates rti : Tint
To0 4t ped g i RhlRe Pl RaR i B ¥oler BRRAEH: NSl
nitride spacer according tg an :
of stress imparted to the device channel.
Therefore, with the above and other unigue and unobvious exemplary

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

20

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 reference to the drawings, in
which:

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;



10

15

20

exenpl ary enbodi nent of the present invention; 5
Figure IBillustrates a partially processed MOSFET
100 after the nitride spacer has been renoved using a
nmet hod of post suicide spacer renoval according to
an exenpl ary enbodi nent of the present invention,
Figure 2 depicts a flow di ajram of a nethod 200 of
post silicide spacer 5 renoval according to an

exenpl ary enbodi nent of the present |pv l.on;

Flgure A FEwadBrlpwetes agagiely R&C&%ﬁ%ﬁ@?@ﬂ%@@&ﬁ the
(simlar to the MOSFET 100 depicted in Figure 1) in
t he metrhledp@eOhasbepwemoyed bghge mepwd of post g [spacer
according to an exenpl ary enbodi nent of the present

i NVentindmal abé@aing 3 tdehpidry ambsditeptarithe ppesenf inegmtion;
oxi de layer 307 in the nethod 10 200 of post silicide
spacer r er@élﬁjc JafpRl:di Mgy 5R SPHaRhI J00eITRosisiRMe spacer

of the preSent invention; Figure 3Cillustrates
q it £ oo it . !
o7 ool Pl 8o B A5 BBl o B PR et

Fi gur e 3D RS DEUE RS PR AOSHEL CIE lgrdp e
308 in the nethod 200 of post silicide spacer

r emoVDSEES di08idapicted imbigesechpn dieyneahadodOwé aest silicids gpacer
present invention; Figure 3E illustrates etching of

t he axindeallaagteding @y ai exetripéarprembodim2@®f the present invention;

Figure 3B illustrates deposition of an oxide layer 307 in the method
200 of post silicide spacer removal according to an exemplary embodiment of
the present invention;

" Figure 3C illustrates del;osition of a n.itride layer 308 in the method
200 of post silicide spacer removal according to an exemplary embodiment of
the present invention; | |

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 invenﬁon; _

Figure 3E illustrates etching of the oxide layer 307 in the method 200
of post silicide spacer removal according to an exeraplary embodiment of the
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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of post silicide spacer renoval according to an
exenpl ary enbodi nent of the 20 present invention;
Figure 3F illustrates etching the nitride fromthe
wafer in the method 200 of post silicide spacer
renoval according to an exgyplary enbodi nent of the
present invention; 6 Figure 3Gillustrates reactive
ion etching (RIE) of the spacer 302 in the method 200

of post sigj gl g iARMAS réRRYidh eRBREIRIB)GF tH@ spicer 302 in the
exenpl ary ‘enbodi nent of the present invention;

Figure 3H. i t rAt if] Lb il
ayernedp syl TeRifod SROT bl ABlRRSER SEUBBST,
post silicide spacer renmoval according to an

ex e mpitahogines b BHITPRISCHANYHEOYr esent i nvention; and
Figure 4 depicts a block diagramillustrating_a

syst em 40CFiguwe 3HoHustrags | depasifesaessed pidgsnjayer 314 over the
according to an exenpl ary enbodi nent of the present

i NVenyifen300% tHAEMR#hETHDESORI SN p@rr EXENRL ARyrding to an
EMBODI MENTS OF THE | NVENTI ON Referring now to the '

dr awi BgsplaANSn PRI Be R illeGitbend Mydntiofigdr es 1A-4, 15
there are shown exenpl ary enbodi nents of the nethod
and str UCTHEGS 4 depicts a block diagram illustrating a system 400 for post

silicide spacer removal according to an exemplary embodiment of the present

invention.

DETAYLED DESCRIPTION OF EXEMPLARY

EMBODIMENTS OF THE INVENTION

Referﬁng now to the drawings, and more particularly to Figures 1A-4,
there are shown exemplary embodiments of the method and structures
according to the pfescnt invention.

Figure 1A depicts a modern MOSFET structure 100. The MOSFET
1.00 depicted in Figure 1A has been processed up to the pbint of contact etch
stop liner deposition. The silicide layer 102 has been deposited over the
substrate 101. Preferably, the silicide layer 102 has a thickness in aTange of
Snmto 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.
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according to the present invention. Figure 1A depicts

a nodem MOSFET structure 100. The MOSFET 100

depicted in Figure | A has been processed up to the

poi nt of contact etch stop liner deposition. The
silicide |l ayer 102 has been deposited over the 20
substrate 101. Preferably, the silicide | ayer 102 has

a thickness in a range of 5nn1to 20nm At this

poi nt, however, the spacer t he nltrlde %ﬁacenz
104" i stiigwre Rdepicts B BAST w@afgg B Eide ppacHel 04 1s remioved
claimed invention are directed to renoving the

ni t r i wingstpacethod @dcording uthe ateserd kivaytianhe Fegurg EB glsarly

| ayer 102. 7 Figure iB depicts the wafer 100 after

t he ninbivk @Rt SAAE Bie nlidide bisactertaacbeeaicogiplehey reatdvod] the
according to the present invention. Figure |B clearly
shows ' f t BSdbR|BVal process
conmpl e @J@E1%%9%93g%b&?ﬁgkagﬁﬁﬁgggg@ﬂgégﬁ 1%§dhas P
renauggg unaf ected by the post silicide renoval

pr océ€ 4@7%? P& esent |nvent|on Flgure 2 depicts
a flow dia ran1|IIustrat|n t hod 200 g
silicide dpaEes deBikhAdlovy %ﬁaai geagng H Mg ﬁ‘%ﬁ Pl post

enbodi nent of the present invention. The nethod 200

i ncl wilesdedppos irthongl asrotliiale angyenplgyeimboginent of the present
processed wafer (step 201). Next, a nitride layer is
deposht&eiony eThd hethox izokema:ﬁkdhsag@osi(mg gpoxd@2lpyer Phesrthe

an isotropic nitride etching is conducted to expose

the gxbd@scuayfér (Sigp bO®. Sindevahntfidolayérhedgpaicdrovesthe pxide
203)." Once the oxide is
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 femovéd using an
isotropic nitride etch (step 205). The oxide which was deposited in step 201
protects the silicide and the underlying silicon substrate from cxpésure 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
during each step of the spacer removal method 200. |
Figure 3 A depicts a MOSFET 300 proce_ssed ulﬁ 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



exposed, the exposed oxide is renoved using a short
oxide etch to expose the nitride spacer (step 204).

The nitride layers on the wafer, including the
deposited nitride nmasking layer and the nitride

spacer, are renoved using an®l1l5 isotropic nitride

etch (step 205). The oxide which was deposited in

step 201 protects the silicide and the underl

si | i comliconhs fraate39% s v s S8 FruTieE Al s ”ﬁ?tﬁt? aé 1. "rme gate
renoval etch altogether. Figures 3A-3H further

i |1 ustItateaytihdugosty sitableigaie neperiad inchudingy Bt noirlhied to, metal,
200 of the present invention, by depicting a

pr ocess@gi MOBRHTcid) @r nﬁl@tﬂdyhlm there8RC MA1sb:ade Bhiertebd stop 303 is
spacer renoval nethod 200. Figure 3A depicts a MOSFET

300 prfgﬁl?e?ﬁcﬁdeagﬂ slag ok he g&ﬁi‘ s, ofs Iﬁf?ﬂiﬁ @ﬁicer R 1&HRA adjacent

| i ner deposition. The structure includes a substrate
?gé S%élf ?f tk]% og&% ’ﬁlngraeﬁclé st{)]?sdfOBosf tl? tltﬂe ogc?del 15'%%’@&6&‘ stop 303 is
substrate and any suitable SU%B i&l rlal may be
used |4¥Pﬁ§eél€3€t‘6?e“8he BitpglegRoer g §@%te f or med on

a surface of the substrate 301. The gate may

ol e anyTheurati0s inddsetlsideanycr 106 dencncd BYF ticurtice
limted to, netal, polysilicon, silicide, or

nmul ti lofiyersabdthes 80f on Ahichxhagatd Bites fatet, @t\w}l BOilgde layer
-formed on each side of the gate 305. A nitride spacer

302 i g0k iR o26i BEgple.  FBE Kiille ther WMl Wgichliyniatiugé phimarily
stops 303 so that the oxide liner etch stop 303 is

g'os po%\ﬁng BB, W%c{]ﬂnﬁf {oQRud8 RAGK of 2R%amRd .08t &y

suitable silicide may be used.

A thin, low-temperature oxide layer 307 (see Fig. 3B) is then deposited
on the wafer 300. Tt is preferable that the oxide layer 307 is 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 expo-sure to the nitride spacer removal etch. The oxide layer
307 may include any oxide and is not limited to any particular oxide material.
Hoﬁf(;;fer, preferable oxide materials inélude 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 500A, more preferably in a range of 50 A to 1004,

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

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

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



The wafer 300 includes a silicide |ayer 306 deposited
over the surface of the substrate 301 on which the

gate 305 is formed, as well as a silicide |ayer 304
fornmed over the gate. The silicide layer wll

typically include primarily gNi, Co, Pt, Ti, or Wand
may i nclude alloys of the sane. However, any

suitable silicide may be used. A thin,

| ow t efpes@lsih&a®xir demb@yate odi? efrst@cbehingor, &Bh ab Sndrbhment
deposited on the wafer 300. It is preferable that

the ox y t QS kh@Hy BIF staileakage of
waf er g%gmkﬁ% t%%%%?ﬁ;#&?%@ﬁ%%?ggﬂ%gyegﬁso% [ £
deposi 0 S 0

The oxi agﬂ"gﬁ/er 367 B4 i ml%er Bv! SCFB?‘RQ@¥ '}gﬁgﬂﬁr%{ Eie ];A}’er may be
exposure to.the nitride pacer The

oxi de ICRYUPd Al IRRIIIG R f éoxélﬁ}atgln%%ch it "5 not

limted to any particul ar oxide material. However,

pref erabl e dxitdde laeetiBas then depastied Piswihe emde lae ¥,

CVD oxi des, .plasma enhanced CVD oxi des, chem cal

oxi desPrefammyT\E&ﬁn altarget dfi50 Aowd HOAL apeferplgftar sinide Ings 308
a thickness in a range from approximtely 20 Ato

500t h, s Qi‘i’ﬁﬁscﬂfcﬁﬁ@ﬁﬁbdd(séemlg Ja@angeh afat 59 d@pdsﬁecﬂ-ﬂ@ﬂe is
For purposes of the clained invention,

o SR A LS oty v

deposite el ow

Chen: (RGOS PSS P a0’ Mo ORGSR ET Byt o vafer

denonstrate other erratic behavior, such as

encr odbhmigide layer 308 is intentionally deposited non-conformally over the oxide
layer 307.

The nitride layer 308 is deposited to form a horizontal nitride layer
region 311 and a horizontal nifride layer region 310 disposed over the silicide
layers 306, 304, parallel to the surfacé of fhe substrate 301.  The nitride layer
308 also includes vertical nitride layer regions 309 disposed o*l'fcr the sidewalls
of the nitride spacer 302. The horizontal nitride layer regipns 310, 311 have

‘a thickness that is greater than the thickness of the vertical nitride layer
regions. The thickness of the horizé_ntal nitride layer regions 310, 311 is
preferably in a range from 1602& to 1000A, whereas the thickness of the
vertical nitride layer régions 309 is preferably in a range from 0A to 5001?\.

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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into the source and drain extensions, potentially
degrading of f state | eakage of the device. If a
cobalt-silicide is used, however, then the oxide

| ayer may be deposited at a tenperature of

approxi mately 500C or belowc A nitride layer 308 is
then deposited over the oxide |layer 307, preferably
within a range of 50 A to 100A. Preferably, the

nitri I I Sy j o el g "
o, G, Bl e e PR AR HEER 1 pDhighcHfal asidon a
substantjally thicker on horizontal surfaces than on
vert i9€3A%&dr f aces. As  opposed to the oxide |ayer

307, which is conformy deposited over the wafer,
the nitri déedegasitiopod thesnijrdedser s f/logeh by iap exprropic
non-conformally over the oxide |ayer 307. The

ni t r initeidé alerwi3OBisi fr depopletadsetwpicaiasng didy Whashtrethoves
nitride layer region 311 and a horizontal nitride

| ay emorR@k onthd horide BRes3s toveost betyshd dxédedeyer 3ay eisposed
306, 304, parallel to the surface of the substrate

301. ioérgﬁe[ Q&ltjﬂ&a‘lﬂ 81 b ay ik ?%tr;igg sﬂc&%d?.rﬁge lF#g? spyer the@rizontal

nitr ayer reglons di sposed over the sidewalls

of the .nitride spa 2, . The . i Ltri

" aye it aiccanhe S5 37harnd Mrlphlg 0 de Bl femdiRa by e
greater than the thickness of the veﬂtical nitride 1
| ay edsotiopigingige etthe ¢ HiccRHkledegeval fS ﬁB%CFSMﬁ?SafOI exampie,
nitride layer regions 310, 311 is preferably in a
rangéMbnmmmmeAIﬂb(B@ﬂ@%OJﬁﬁébéH%mfﬁbC%hféﬂhé¥§léﬂd

the wvertical nitride layer regions 309 is preferably
i N aokpres16-509%) @lat ddeABEH. colipled riator Weh lagymesur8 gk of
preferably deposited using a plasnma enhanced
20-100 mT, a plasma power range of 0.05-0.3 W/cm? and a bias power of 0-
40 V.
Preferably, only the bortions of the nitride layer 308 disposed on the
sidewalls 312 of the nitride spacer 302 are removed so that the silicide layers
- 304, 306 remain protecte;i. 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 lajzer regions 310,
311, the entire nitride layer 308 disposed on the sidewalls 312 of the nitride
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.



cheni cal vapor deposition (CVD) process. However, any

ot her suitable deposition process may be used, such

as rapid thermal CVD or |ow pressure 10 CVD, as |ong

as the resulting structure results in nonconfornma
deposition as described. ThH deposition of the

nitride layer 308 is followed by an isotropic

nitride etch, which is, for exanple, an isotropic

pl asma et ch shwdrt ctide ewipisgben Beporieinonsthefoxidadaysi 347 deposed
| ayer 308 to expose only the oxide |ayer 307 disposed

on t heypsheguek hiss st kle itrideRpadat 8073 WWexp@acies niBliR spaee
Fig. 3D). The horizontal hnitride |layer regions 310,

311 of the qiftfde n@{gralaﬁ%orﬁér%o&% 51@'8%%%(% 15yh§ 307

isotropic nitrrde etch e nitride renoval etch

proces use or exa car

(10 a0 rbe cainope naeesPtf OSGEDEY e iphigl ot is o
oxygen (10-50% in an |nduct|vel coupled.re

with aeppeessirmethhgertigridesthy o 'gf Hﬂ%h@%ﬁg\%o’“de
range of 0.05-0.3 WcnR and a blas pomer of 0- 40 V.

Pr ef efalet §07 mmhaing drethp devi¢eoitd) tofeduprovereiching. | ayer

308 disposed on the sidewalls 312 of the nitride

spacer 302 g foepmypeds sDthe pakerdt hverestidr, ai“slerl” ayelestch refers
15 304,306 remain protected. This is achieved through

the intentipaak hé’cJﬁ@ﬁ‘ctecPBﬁé e 1 Hapathe d:ade RYer30R disposed
nitride |ayer 308. That is, becCause the vertical

nitri dg tlllea 1§ewal?s%f% 1&9@ sBﬁ%Fwﬁh&u@ E)&Kﬂﬁl%%he comner of the
silicide 1ayers 306. This leaves the silicide layers 306 protected from attack
during the subsequent nitride etch. |
The remaining nitride, including-the nitride spacer 302 and the nitride
masking layer 308, is isotropically ctched from the wafer 300 (see Fig. 3F).7
The nitride etch preferably uses a hot phosphotic acid dip.  The hot
phosphoric acid dip includes phosphoﬂc acid and hydrogen peroxide af a
temperature in a range of 100°C and 200°C, more preferably in a range of 130°C
a;nd 160°C. Altematively, 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 éxide reaction ion etch (RIE) may be used to remove the
remaining oxide layer 307 (see Figure 3G). As depicfed in Figure 3G, the

entire nitride spacer 302 is removed without attacking the deposited silicide

layers 304, 306.
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that is smaller than the thickness of the horizontal
nitride |layer regions 310, 311, the-entire nitride

| ayer 308 di sposed on the sidewalls 312 of the
nitride 20 spacer 302 nay be renpved w t hout exposing
t he oxide | ayer 307 di spose over the silicide

| ayers 304, 306. That is, t nitride |ayer 308

di sposed on the sidewalls 312 of the nitride spacer

302 will clear before the.nitr] ' ed
over the S$v$@ﬁggzﬁg§g@gp%%%?$§%§?L?¥§$A§§ﬂ§¥€ﬁ%£?§e

etch is then used to renopve thg oxi de a¥er 307 d
di spoeesitsd overeths PaERAPP &0 18 REDni 1pOFdes TQRuE ebggse

to expose the nitride spacer. As depicted in Fig. 3E,
a cordesiceporfoingmcg tgpiofllyttersilo nitades asmanplgpT fognegabeed
on the corner of the spacer 302 adjacent to the

substghahi] 801l dffecn@dnsisteRsTVIET stlunil ngmpressi enotridenxiede
etch. The corner portion 313 of the oxide |ayer 307

r emai B IR A e SRV CBartPFiLIA cHBE YGRS QVRI(PBETS)! N@iternatively,
Thus, f'or” purposes of the present invention, a

Shatk nebli Shalloki j 686 tnd Bfksddhitride layer 314

condth@émhgﬁﬁséo 8§§£§g§?ﬂggfa?ﬁe oxide I ayer gayer

di sposed on the sid [1.s of .the. Ztrig spacer

wi t hdBty esdsgetiteg (’(Vﬁ’é'%@mgf’ﬂﬁ‘? S‘Eﬁ“’t?cﬁlé‘%%‘}r? ' §1 de | ayers

306. This |leaves the silicide |ayers 306 protected

from at t ackhe sthessed gitt freloyest ddaen ihicknessilna raee R (6 to

remaining nitride, including-the nitride spacer 302

and tI5e0AI drdiriere prefeleblyg thivkeess 308rangsof Hotk opl WAL y The

etched fromthe wafer 300 (see Fig. 3F).
stressed nitride layer 314 has improved stress transfer efficiency 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
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
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
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12 At thisTtime, an appr

The nitride etch preferably uses a hot phosphoric
aci-d di p. The hot phosphoric acid dip includes
phosphori c acid and hydrogen peroxide at a
tenperature in a range of 100C and 200C, nore
preferably in a range of 130C and 160C.
Alternatively, one could enf8 oy a dry etch process
which is selective to the underlying oxide layer
307. Once the nitride spacer 302 is renpved fromthe
waf erchaf@teristivs, teptise iz degtedationogsiabértedewich sibpide anl/etsgivon
(RIE) may be used to renove the remaining oxide

| ayerersoh dig@e shh@tfgncd@ stcthts Bepoidédehtirgly Fi gure 3G
the entire nitride spacer 302 is renoved w t hout

at tacki ng gifie. deRRFLEE %fakéfﬁsdﬁﬁ)() hidhEpést 3dide 3QRoval of a

priately stressed nitride

| ayer .314 may. be deposited r ) .
Fig. Ilgig#? S]faﬁgroarca(érldz 0 %Fé?%qéﬁﬁg‘tﬁgglglv&gg, t}l%’ ggséﬁ fifention.
performance, typically tensile nitrides are enployed.
Por rlgappyaus Eaimales stpaceqopatiting yujiefls f gpigle debosiing
(NFETs), and conpressive nitrides are 5 enployed for
posi tunitet02 Hremitrisle ehdhangundf 408¢ an exigmelthingprit 4EREPgstressed
Alternatively, if the optional short oxide RIBis

not Gomidetihe@diepédienstmiedssed nitride |ayer 314 may be
deposited over the device depicted in Figure 3F. The

stressed AipkbkRR dbpySHingdit 40ATePosih h AENEES tébipadati@ngale

of 100 Ato 1500A, and nore preferably a thickness:

ina larlyae{J gnelfo%nl}'S (%)er% ptrgceg*sgg %fer:rh?he nitride depositing unit 402 then
deposits an anisotropic layer over the iarcviously deposited oxide layer.

The nitride etching unit 403 exposes the oxidc-on the sidewalls of the
spacer only. The oxide etching unit 404 removes the oxide on the sidewalls
of the spacer to expose the pitride spacer. The nitride etching ﬁnit 403 then
removes all of the nitride, including the nitride masking layer and the nitride
spacer from the wafer. The stressed liner depositing unit 405 deposits an
appropriately Lstressed ]inéf over the water.

The present invehﬁon 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 refnoved
without affecting the extrinsic series resistance of the device.

Therefore, by en;ploying 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 transfer efficiency” is defined

as the stress induced in thg device channel for a
given nitride 314 stress and thickness. In addition,
because the total spacer width is reduced (or

o npls?%c%{' Yo HRIQVE) of Ehtg&erflgq‘eg%%n@sl, hddYcoRbequitd, further
formatiron during nitrrde fill of nested structures is
reduced. Since . the free space between dense gate
stru@Pﬁ?@?ﬂ?gCEQ?B%?P?&EmgﬁFesuIt of renoving the
spacers), one can utilize thicker stressed nitrjde

Chan m ghiWhilstheimiesores e oderbesn fogels €f fryehgemplary
spacer thickness, and subsequently increasing the '
| i nefenibbilietenes thoky skiltedaq thevart wilt reapgnimet thatfiy mpeytion can be
enhancenent to 20 device performance may be obt ai ned.
An agdicticanain afvaraagewihintthesposindstdreaif de ppamied
renmoval nmethod of the present invention is that the
gatecﬁg Sis never exposed to the etching processes.
Theretore, there is mniml negative inpact on the
devi ce -13_ characteristic ecaus - éygg'

associ at ed® ?h“§PFW%ﬁ%g*%ﬁgﬁgﬁﬂgﬁﬁ?%%ﬁo%ggg on&ﬁﬂmmn$
during spacer_ renoval etchi | s avaided entirely.

Fi guroball Clah glspetiesyoa il ApEra i HBBE PEFLHE post
silicide renoval of a nitride spacer according to an
exenpl ary enbodi nent of the present invention. 5 The
apparatus 400 includes an oxi de depositing unit 401,

a nitride depositing '



unit 402, a nitride etching unit 403, an oxide
etching unit 404 and a stressed nitride |iner
depositing unit 405. The ox'?e depositing unit 401
deposits a thin, |low tenperature oxide |ayer
uniformy over a processed wafer. The nitride
depositing unit 402 then 10 deposits an ani sotropic

| ayQra y the previously deposited oxide |layer. The
niﬁggg@igiching unit 403 exposes the oxide on the

si ggpatd Saipfqtihe spacer only. The oxide etching unit
404 renoves the oxide on the sidewalls of the spacer
to expose the nitride spacer. The nitride etching
unit 403 then renoves all of the nitride, including
the. ni tr AdgetRBBES lReholvges spald fidhea pbdtkilideielsbrusiaas e
fromthe wafer. The stressed |iner depositing unit
 40podepipidctstruatire iaplngthaskyr didraadikede laiereformetesn a
the wafer. The present invention provides a nethod
( angbsayie! endtlord @asiriskig: i ci de  spacer renoval where
the nitride spacer may be renoved while protecting
the sil idepabitify anosadd lager. ovBeg auraese of saifl pestfsdaider e,
the spacer maybe renoved 20 without affecting the
ex striahge csagbexids layeshanadrpositfd avsesaiévpaser armireidesilinids
by enpl oyi ng the nethod of the present invention, one
calayei;nprove the stress transfer efficiency of a
gi ven contact etch stop liner _praocess, increasing
devi ce péepestgRiTidedayerioyaiaid oxidelayeal of t he
nitride 14 _spacer. enables the use of b&ic er.
st r essed Clohigrsaid RiFHledBYRE & BEISE § POTgROh g31d oxide layer

disposed on a sidewall of said spacer;
etching the portion of said oxide layer which was exposed by said
etching said nitride layer to expose said spacer; and

removing said spacer and a remaining portion of said nitride layer.

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

conformally over said post silicide structure.

3. The method according to claim 1, wherein said nitride layer is
deposited non-

conformally over said oxide layer.



4.

enhancenent of device performance. Wile the

i nvention has been described in terns of severa

exenpl ary enbodinments, those. skilled in the art wll
recogni ze that the invention can be 5 practiced with
nodi fication within the spitgit and scope of the
appended clains. Further, it is noted that,
Applicants' intent is to enconpass equival ents of

all claimelenents, even if anended |ater during
Prosecdidd@ReordiRg tnNBiwhMBRLsaid it dAlbaR @ depositbd sudh that a

nmet hod of renoving a spacer froma post sf?icide

verticaBdritit df1sgid nith@: 1ap@Shmptites B ildekns iy thia isknellcNGhiigiiigmthe

spacer and a silicide layer formed on a substrate,

of a hdrientaBidrach 6fvant hitddgay@eposi ting an oxi de |ayer over

5.

a surface of said post silicide structure, said

oxi de |l ayer being deposited over said spacer and said
silicide |layer; depositing a nitride |ayer over said
oxiihd encllmydeacqordihg hi dgmslg mdtereint saidoechireytbe perbomsitbs exide
portion of said oxide |layer disposed on a sidewall

layer compeistisa shpaoaide eéthchi ng t he portion of said oxide

| ayer which was exposed by said

The method according to claim 1, further comprising:

removing a remaining portion of said oxide layer.

The method according to claim 6, further comprising:

depositing a stressed nitride layer over said post silictde structure.



etching said nitride |ayer to expose said spacer; and
renovi ng said spacer and a renaining portion of said
nitride layer. 2. The nmethod according to claim1,
wherein said oxide |ayer is deposited conformally
over said post silicide strgcture. 3. The net hod
according to claiml, wherein said nitride |ayer is
deposited non conformally over said oxide |ayer. 16
4. The method according to claim1, wherein said

8.  NitHelAGhdB¥ESrding WERRS1 RfdretiGh] &hdd lager cHBprideS @thickness
portion of said nitride |ayer conprises a thickness

in a rahdtodf d0sA s¢®dd &r than a thickness of a horizontal
portion of said nitride |layer. 5. The nethod
according to claim1, wherein said etching the
portion of the oxide |ayer conprises a short oxide

9. etk .mdhodlheordl hodaiac tovidiaigsaidnitidalayedgonfpusestaghickness
conprising: renoving a remaining portion of said

in a ramed afes0l Ayet0007A. The met hod according to claim 6,
further conprising: depositing a stressed nitride
| ayer over said post silicide structure. 17 8. The
nmet hod according to claim1, wherein said oxide |ayer
conprises a thickness in a range of 20 Ato 500 A



9. The nmethod according to claim1, wherein said
nitride |ayer conprises a thickness in a range of 50
A to 1000 A. ABSTRACT METHOD AND APPARATUS FOR POST
SI LI CIDE SPACER REMOVAL A nethod (and apparat'us) of
post silicide spacer rennvgl i ncl udes preventing
damage to the silicide sb cer through the use of at

| east one of an oxide layer (201) and a nitride

| ayer (202). Fig 2

ABSTRACT

METHOD AND APPARATUS FOR POST SILICIDE
SPACER REMOVAL

A method (and apparatus) of post silicide spacer removal includes preventing damage
to the silicide spacer through the use of at least one of an oxide layer (201) and a

nitride layer (202).

Fig2



