10

15

20

25

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

o oS PUEOE ANGPARNIDS sl St
ice. T [ ined th h,
among ot her mans. t nERACET REGOYC "N tride
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

effect trapsj . -
and o bl SRPEIRL bR roheal e s HAATLr AR HAAae
g|r Zlcggag%g'lpr%&?al, zizn% rr?cf)re tpgl]reticu ar. 3'? tEoTa r%gr?mﬁ Po% rglgct)vemg a pitride

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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2 Additionally, the thickness of the stressed liner
that can be enployed is often limted by the aspect
ratio of the spaces to be filled with the stressed
liner. This limtation can be mtigated sonewhat by
removing the sidewall spacers fromthe gate

el ectrode, reducing the aspect ratios of the nost
densely 5 placed gate el ectrodes, reducing the aspect
rati os of AhEidmgy, HemS@&nyssplf deadessghligershat uad by @sployed is
thus enabling the use of thicker stressed liners.

Thi nnipg iéeﬁ%gqy%]%ge&l?ﬁiosﬁéﬁ@ipa.&e? 16 Hé HiBedivith teWhbssed

however, du proclivity of a majority of

conventional. etches to.attac L1 G .\ :

oxi d 1%ﬁd?§|’s ﬁWtP?%@aSA’Sé%ﬁ.géi%@k%’é%@b nte?@g%‘yﬂi‘/‘?“émﬂ
there exist several known nethods for renovi

si devi@reersisem dhessalplactiaderedusinteahe pReeTas of @%‘d@%ﬁt degpsely
the spacer prior to silicidation of the device. A

pr obl panedhights cteiredesr vdedne fhe aspeatratiodhe mpstidgpsghtniygd
of the device, it is difficult to control the l|atera
posi tda@stabuidethus ndblihg theiuse ofthakerstressed tihas.gat e.

Thus, this first nethod of spacer renoval 15 requires

one to us Sﬂﬁ’mﬁ{fg Br telrld@ing TR §htdlis %lﬁt@@ﬁfﬁaﬁlt, Qiveesr, due to the
|

positione mmedi atel y "benéath the spacer to be

renmoved .t o block.sjilig] ' :
ar ai Pps L s bELHRbARRDAAME R0 (L Eng RN the
Typi cal surfacgﬁ@%eparation nmet hods for opti mal

si | i 9% angropg SPaPtcl ude oxide and nitride etches,
which attack the thin liner material, 20 particularly
at the eddémveninaply.ithase erisiesssaliapwamaiady furrReyas
are present. _
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
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,



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

the spacer after silicide formation is conplete.
A"brute-force" approach is inpractical, 3 however,
requiring the use of an etch3chem stry which can
effectively renove the nitride spacer but is

sel ective to oxjde, heavily doped. silicon, and.

si | i cilwveverTreasiripg ths uaphAtiicahemisiy yhish cameliqcipRly groove
etching that nay be used to renove the spacer. In

addi t i the pitidecspacee butiesddcive fodeideshaaxihodapgd sibicerh end silicide.
etch, the silicide resistance nmay be degraded,

r esul tTHgpitHmany toreeshts ab e tipeaferbiag ihat mex be used icremove
resi stance on the MOSFET. Presently there are no

- convengl 9,\53@&. POShddtidd bedBsHRAGAEIIE RIERNAL (08E BeBShe
that allow the nitride spacer to be renoved while

PVENTHSES ey A R gl i b PG rld in
I bl ens, d 4 di sadvant ‘
Che DR RSO HBAMONEED: r act ur e an exonp ary

feature of the present invention js tq provide a
met hod ( andPrasspHy thetesre o conyspienabpast siqdesreps cafroYaly
be renoved after silicidation while protecting the
si | i cidethbdsghatatlowdlie nittide spagicig be ecragved shde progfcting e
present invention, there is provided a

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



nmet hod of renoving a spacer froma post silicide
structure, the post silicide structure including the
spacer and a silicide layer formed on a substrate,
the method conprising: .depositing an oxi de | ayer
over a surface of said post silicide structure, said
oxi de | ayer being deposited over said spacer and said
silicide layer; depositing a3itride |ayer over said
oxi de | ayer; etching said 3a nitride |layer to expose
a portion of said oxide |ayer disposed on a sidewal

of said spacer; etching the portion of said oxide

| ay efiriub 58 WaspBd oR¥f safPbAdetash dishoiad on Ristdeivel of
| ayer to éxpose said spacer; and renoving said

spager . ni_ng: :

Ao AR S POl 13t Bir ey
present inventjan t hod of .post silicide.spacer
F ersU4S A TRt Rgpoad miflSPtest e Py RETY
through the use of at ]| east .one qf an oxide |ayer and
a nﬁP¥$ﬁ@ﬂ1%V%Wﬂmﬂééﬁﬁﬂpﬁﬁsﬂgn&“@%&@ﬁﬂ exenpl ary
enbodi ment of the present invention, a nethod of
post si | iAstcodingdaedirst cxerpplaty enrhodinas ofitip prsisent iy eaton, a
oxi de | ayer over the spacer and the silicide, and
depasdthiddng pastiilicidedpaceayatovalintludds @raventohe danmes to the
The present invention provides a nethod (and system

for spRflk dfbhdlfthd GscSHFAEREst LARIBINA oxidiahRr hitPa fitrideilger.
spacer may be renoved while protecting the silicide

fromatt IS, : :
et ermow Lo HSGeof ekbuar GRilfnent DORE BREEH ifiBifion.

res Iasntw bdof %Bsttsﬁﬁid% %\p/‘cllcglefemoval includes depositing an oxide layer over-

the spacer and the silicide, and depositing a nitride layer over the oxide layer.



5 Therefore, by enploying the nethod of the present

i nvention, one can inprove the stress transfer
efficiency of a given contact etch stop |iner

process. Additionally, a thicker stressed nitride

i ner may be used because 4he aspect ratio of nested
structures is reduced, further increasing the anount
of stress inparted to the device channel. 10

Ther ef or e, THMhdkehiiBvaition gro¥nids @efodUMidiyetemi tor post silicide
unobvi ous exenpl ary aspects of the present .

inventl o0y hdval %hﬁ%ﬁﬁ&ﬂhﬁe%ﬁa&%ﬁ%lﬁiﬁwﬁ?ﬁd gﬁile protecting the

per f orfmance beyo at 1s possi

traditjopal stressedq nitride.liner process. BRI EE
pESCR IRy BRteTe BerPReET Bt SRS oo

ot her exenpl ary purposes, aspects and adyantages

wi || wighayeaffesting threpgimsigeregrtistareerb edlivitg det ai | ed
description of an exenplary enbodi nent of the

i nvent i on Thieteflioregfseereplogng thetnshadrdihegyssent mvenijoncdie can
20 Figure 1A illustrates a partially processed MOSFET

. 100 afdpfivedne Sidsé &hifhedrietitianog o4 gioen tantdoeeml stbp bfert he

10

nitride spacer according to an exenplary enbodi nent
of ?C%E/se.s%diﬂi&h‘é&?,bi[%{%ié%émfsb@ Bt @dd 1Ehek krlay Bt biatlddecduse

parti-a processe 100 after the nitride

h be '
S el e ear of GRS ARE0P aRyEEL BHhP RSy amoun

enbodi nent of the present 'nveption;,
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;
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Figure 2 depicts a flow diagram of a nethod 200 of
post silicide spacer 5 renobval according to an
exenpl ary enbodi nent of the present invention;
Figure 3Aillustrates processing of a MOSFET 300
(simlar to the MOSFET 100 depicted in Figure 1) in
the nethod 200 of post silizide spacer renpval
according to an exenpl ary enbodi nent of the present

invention; Figure 3B illustrates de

oxi de | ayefigw® B Hussaes awaREyy fﬁ’%‘@%ﬁd@%@ﬁt E%Q a?ﬁercﬁhi‘ie
spacer renoval according to an exenpl ary enbodi nent
of thigiderspaenbas hepreremaynad ufing ametied of pesy sifieige spacer
deposition of a nitride layer 308 in the method 200
of posinosillakcirdeg sPacefemptapeabodinentraitirgrésentainvention;
exenpl ary enbodi nent of the present invention; 15

Fi gure 3D fibluStdeplcRS: v BiaBRnPSf Ahendd 200i ot oM@MRde spacer
308 in thelgethogszoo of gost silicide spa?er P

e TouRoR SRk b fh A BHE PRI H TR en Qv

ven ustrates etc

t he oxi de Iayer 3 n the net st

silicide dpgHesH! gﬁ%ﬁ%ﬂs PEEEST ?F%l\%g’ggﬁ?&@ﬁ%‘rl’éwo the
enbodi nent of the resent invention; gure 3F

i || usYIDSFES @D@nplﬁtgdtxm guret bitgdhempeshady 48 Oaﬁ/awérsﬂl&#etswéef

met hod 200 of post silicide spacer renmoval according
t 0 amremwesptatyine nbadéxraiplarp Lmbodimeprod sherresentiavaniion;
6
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 deposition of a nitride 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 mcth-od 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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Figure 3Gillustrates reactive ion etching (RIE) of
the spacer 302 in the nmethod 200 of post silicide
spacer renoval according to an exenplary enbodi nent
of the present invention; Figure 3H illustrates
depositing a stressed nitrigle layer 314 over the 5
waf er 300 in the nethod 200 of post silicide spacer
renmoval according to an exenplary enbodi ment of the

present i nyapt BeNiludRes LuiSiof ¢8R CRE)f Heaphicer 302 in the
diagramillUstrating a system 400 for post silicide

spacer _re I - dj Vs ' t

of -t HecpFCRURr AR Gt BB AT o

EXEMPLARY. EMBODI MENTS .OF THE | NVENTI ON Referring now
to t HERpENGTh g5 e RREHIP Bt i cul arly to Figures

| A-4, 15 there are shown exenplary enbodi nents of

t he met hodvigmel 3EkiHusitatas deposib@adrarited rifdeayesdds ayr the
invention. Figure 1A depicts a nodem MOSFET structure

100. ifer NOSKEE mdiBod 2epofgiostchilioderipgesr eenigyahagsotsiggfo an
processed up to the point of contact etch stop liner

deposéx%ﬂnﬁﬂg Fh6odinkhG 4R draysrindddomnasdbeen deposited
over the 20 substrate 101. Preferably, the silicide

| ayer 102 fggge ﬁﬁfig%&karb?éc?ﬁqdi&rﬁn URRGRIR a sy 400 805H

At this po ver, the spacer (e.g., the nitride
spacer) .104 is still intact. Exenpl .
t ﬁe Cslﬂgﬁl‘%lfes(ﬂ’a‘feﬁ ‘l;%rﬁ?\iah) ﬁccgf&én%tio rale1 éa eé t’»ng’r e%lb%ﬁﬁﬁe%tt of ﬁ)lra 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 Fi guré 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.



removing the nitride spacer 104 w thout attacking the
silicide layer 102. 7 Figure iB depicts the wafer
100 after the nitride spacer 104 is renoved using the
nmet hod according to the present invention. Figure IB
clearly shows that while the nitride spacer 104 has
been conpletely renoved, the silicide |ayer 102 has
remai ned unaffected by the post silicide renoval
process 5 of the present invention. Figure 2 depicts
a flow di dgguen!Bdenistsrithe WagT A00alich Big pge spacyolft 1s removed
silicide spacer renoval according to an exenplary -
enbodisirente okthodac@résg ft the presentttiventionT h&ignse hodleatp
i ncl udes depositing an oxide | ayer over the

pr ocegsed maabaile (heipide Odaber Nedtias banrbinblettdy tempmed,itise
deposited over the oxide 10 |ayer (step 202). Then,

an i sgf & oo b hhdenikRighgrdcid 'iﬁ’é‘;ﬁfsﬁﬁl'éi@e fXRAERprocess
t he 6%@%%9?§§2P gn tﬁ% sidemallsqgf t'he séacer (st@%
203) . ce thF.Oéuﬂg IS exposed, the exposed oxide

i s rehoVererdt W™ Chort oxi de etch to expose the

nitride spacer (step 204). The nitri.de | ayer n.th

waf er, inéﬁ@ﬂ?ﬁng%g5”3%%6@??EHHH$PPP%%Fﬁé?ﬁ&ﬂgOFE? r
and the nitride spacer, are renoved using an 15

i sot rsdliide spaterirdeoed atvordingety MEBympherdedgecnhaf bp present
was deposited in step 201 protects the silicide and

t he upeerbyi Mhsinkihod D0G inbsileadapofitingrarcopdslaye over thhe
nitride renoval etch altogether. Figures 3A-3H

furt gkgf)ceisield%&a(gt%p £0®. PO&ke, Sinktigd RerSPagRLitddevomat oxide
net h 200 of the present invention, by depicting a

10 proc elgfe? gsté\{)%ZET ’i;lQe%, an isotropic nitride etching is conducted to expose
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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



20 during each step of the spacer renoval nethod 200.
Fi gure 3A depicts a MOSFET 300 processed up to the
poi nt of contact etch stop liner deposition. The
structure includes a substrate 301, which is
typically made of silicon. However, the substrate 301
is not limted to a silicon substrate and any

suitable substrate material may be used in

si | i colicon gAtgatad s fommsipad FHa ‘Elﬁl?ef %@%tr%? %ﬁeoﬁm gate
substrate 301. The gate 305 may include any suitable

gat e rbendyahclodeinydiuiighle igate rrpserial ingludéng:. b, naiimaled to, metal,
polysilicon, silicide, or multilayers thereof. An

oxi de gdiyR@lcoR!sicigd, op ndBayeds thbenvire dhookiéaltferstaiestapf 303 1s
the gate 305. A nitride spacer 302 is forned adj acent

each of hdeork ﬂ@ldk'o@ Ble ¥ecj'055t mﬁtn%lggpﬁz@r Lt f&ﬂi’&d adjacent

oxi de liner etch stop 3 |spose bet ween t he

PIrIE:Ir 'ug;g%hs (i: PX% ﬁneﬁ &ch sq %@3%0%[%% ‘ledeVYﬂ’Ie? {elﬁl?f g&)p 303 is

ayer epos over

surface of the substrate 301 |ch t gate 305

i s forfgscddetyean th%tgmadesffﬂai:e(fpgg 31\{%;% ﬁateggz for rred

over the gate. The silicide [ayer will typical

i ncl ude priliarafs 304 inclgdes apglicidg Iaye@ﬁ@@\ﬁmﬁ%g,ver the surface
i nclude alloys of the sane. However, any suitable

Si | i ciodlehenmpsthae: BGlech whichhhangatd B ib &mﬁdaﬁsuvél ovd Wlécide layer
-layer 307 (see Fig. 3B) is then deposited on the

waf er 380@srnlell over MEeh@r alphesitibiat 1dybewiikiypieallgiyiedSPrimarily
is uniformy deposited on the wafer 300.

Addi t 'l\?nézg lF)f Tlt Ble“pﬁcgl?lf& gl)éﬁlrde %ﬁgys'o% t}g:esﬁﬁl%' tﬂ‘%w@@er any

t he a’ conform p05|t|on The oxi de | ayer

307 Ws{lltabﬁ)e sﬂicelge may%e 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



substrate from exposure to the nitride spacer renobva
etch. The oxide |ayer 307 may include any oxi de and

is not limted to any particul ar oxide material.

However, preferable oxide materials include |ow
tenperature CVD oxi des, plasma enhanced CVD oxi des,

chem cal oxides, and TEGCS. The thin oxide |ayer
preferably has a thickness in a range from

appr oxivites @l imaateAr dembRiiate, ot eratirtehaviabbuthian escroachment
range of 50 A to 100A. For purposes of the clained

| nvent Qdﬂiihe QobrPWart LRG3 tEBn O bl B adiﬁ%ﬁffrsﬁité Rakage of
an oxide layer deposited at approxi mately 480C or

bel ow.

| f, t.he Xi de.i s..deposi t t i gher. .
Cenper e dFH° hah ot SpARR TS o PR alae brgtager may be
wi | | omerate or denppstrate of ° 1 :
behav ?d%??mgi B %gpg g‘F% St r?trsorﬁlmatlgll){ ?g b t(ﬁélrb%%‘? ce and
drai n extensions, potentially degradinq@off state .
| eakage of AmnHadebypci8 is then depsstitd avst the okide laver 3¥ed,
however, then the oxide |ayer nay be deposited at a

t enperm@tieralyofithippiangenadtsel A 6004, oPrdfehidy. thenimiderlagte 308
| ayer 308 is then deposited over the oxide |ayer 307,

pr ef eriahh ¥nivhekdpi Onitridea8eerief 3¢30subh tifat @ @éposited nitride is

Preferably, the nitride layer 308 1is an anisotropic

nitri %bgtgrﬁfaélgi&tk&%&oﬁ%&?ﬁ}scg&& B6n IRRABLA Sraces.  As

nitrideis bstan er on horizonta

surfaces than_on vertical..surfaces. . As sed t
the ORGSR oxidk laygi30f Yol BEPRPHTY BRISHET pug the water
over the wafer, the nitride layer 308 is .
i nt enthowgideylars 588 it Btentorly slpoitantycaiamallpaver the oxide
oxide1 Iagg; 307.

ayer .

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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The nitride layer 308 is deposited to forma
hori zontal nitride layer region 311 and a hori zontal
nitride |layer region 310 di sposed over the silicide
| ayers 306, 304, parallel to the surface of the
substrate 301. The nitride Jqayer 308 al so includes
vertical nitride |ayer regions 309 di sposed over the
sidewalls of the nitride spacer 302. The hori zont al
nitri I ' : [ :
s o e e AR Rk R Pl RSB
| ayer, regions. The thickness of the horizontal
ni t ri%g¥I%5er regions 310, 311 is preferably in a
range from 100A to 1000A, whereas the thickness of .
the vert iTdadeppsitiond thegyisidedasgr Hsis sgtyvied by AR FOFBCy
in arange fromoA to 500tH The nitride layer 308 is
pr ef eitsibé yichlepitsh tsefbr esample aangbaspie rdasimareiede which removes
chem cal vapor deposition (CVD) process. However, any
ot hemofidnt 8bihe nitl8PRSEt 308R0 pXSBE soly TRyoxtid: lage 307 dispbsed
as rapid thermal CVD or | ow pressure 10 CVD, as |ong
as t £ ' ' 418 8 (ke FReRENNT PRdBdrizontal
R i e R T el
nitride |ayer 308 i I d. n,.| [
ni ¢ igoe B egArypt oF) pEYEd e Rler SB8MAR} fomoved by the
pl asma etch, which renoves, 5 portions of the pitrid
oy efscuppicairigngshe. oMGMTIdE TERPTbERAJBECS i G SEEEge
on the sidewalls 312 of the nitride spacer 302 (see
Fi g. fi8Bjocarbhes, KBHH:Z ohtafe), Gl i(He49%)y E41:F E41-4776). 31,
311 of the nitride [ayer 308 are not renoved by the
i SOt bRPien (M-50%Jen ot @buctiMely dupleil dacoewith alprasswh range of
process uses, for exanpl e, '

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.



fluorocarbons, Cl-1F3 (10-40%, CH2F2 (10-40%, CH3F
(10-40%, and 10 oxygen (10-50% in an inductively
coupl ed reactor with a pressure range of 20-100 nT, .
a plasma power range of 0.05-0.3 WcnR and a bi as
power of O- 40 V. Preferablyil only the portions of
the nitride |l ayer 308 disposed on the sidewalls 312
of the nitride spacer 302 are renoved so that the
silicide | ayelist oxiBe 8104306 usedrtti mmprothe oxisld layFhp@/ digposed
achi eved through the intentionally non- confornal
deposidni ipdsigéwhinieomid fikrfR shayes0230&xpddatie disidehpause
the vertical nitride |ayer regions 309 have a

t hi ckness 1Sy 1 I t N enessq@fatdien7
hori zont al %%l?eﬁ)ll%%d ,I%a"ﬂ; 'rB%F %E‘%}gﬁ Igt%g,ﬁ:%gd{l, tllﬁ% lof

entire_nitrjide |layer 3 di s d..on si.dewal |5 :

S5 ofiBRE At e B0 S 05 TR b PERDSHRe 381 is not

W t hout exposing the oxide | ayer 307 di sposed ?ver L
the sitmeyededuringdheshogpxidgeieh. THEE cqraer ROFLOMT I3l fig oxide

| ayer 308 disposed on the sidewalls 312 of the

ni t ri dayes patemaBoomibe dedteedl0 th efdopeotdreichingr i de

| ayer 308 disposed over the silicide |ayers 304,

306. 11 Ashertbr pxbaes ef &b presert repntised “ttort” embleetch refers
the oxi de |l ayer 307 di sposed on the sidewalls of the

i tri 48,5 PRk Blat F0PnHEEXIBAS EnduldB tdd1bdriteleo 8 @ala fdr 30AFisposed
depicted in Fig. 3E, a corner portion 313 of the

S e R
' g? ' It Egil%%%&%ﬂagsr §060 X i"ﬂ&s l%g\%rs] 'the-gmlecicfe E}r’]e?sr 308 prrE)I!ethd %%% 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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| ayer 307 remains on the device 300 to reduce
over-etching. Thus, for purposes of the present
invention, a "short" oxide etch refers to an etch
that is conducted | ong enough to clear the oxide

| ayer 307 di sposed on the E%demalls of the nitride
spacer w thout exposing the torner of the silicide
| ayers 306. This | eaves the silicide |ayers 306

Gt o The +eRETInG Ap PP hEFREHRRETNERY T e

spacer 302 and the nitride _pasking |ayer 308, i

i sot résppEiedioyersibe MagT AP0 hice Fig- ﬁ-e ?ﬁl%%*f (%é@m&ieﬁﬁaﬂced
3F). The nitride etch preferably uses a hot _
phos pleside pedoingande. gypiTaiky tensile piadgstior ¢replaviddonnggative

i ncl udes phosphoric acid and hydrogen peroxide at a

t enpedhahndl Geldeffect @agRtoed (NIIOIG) and c20HEssivarigides are
preferably in a range of 130C and 160C. '

Al t er natih vl pitfeCBith ] 8RB ctdradtioRtPRED)OC A%Ematively,
whicﬁﬂ@i %%e¥%%tivg to the uﬁde?lying oxi de | ayer

307. .pnce the.nitrigd LS4l fr
et erir Bgoriaf Myt b RRERGle M bR nEERIGE A AT I 14
(RIE) may be used to_rempve  the 'Q%Eg oxi de

A I I
| ayerma0he depawiod; qQygE e deyice 51@1?}%%“% Fi gure 3G,
the entire nitride spacer 302 is renoved w thout A
at t acki ng Thiestrdesod siteideilager) 314 hgea thigipassdn goapge 35600 A to
12 At this tine, an appropriately stressed nitride
| ayeri580A, amlymoferefepbly 4 hitkoselin & razaaf X0 8601009de The
Fig. 3H. In order to obtain enhanced
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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.of the pres

devi ce performance, typically tensile nitrides are
enpl oyed for negative channel field effect

transi stors (NFETs), and conpressive nitrides are 5
enpl oyed for positive channel field effect

transi stors (PFETs). Alternatively, if the optiona
short oxide RIB is not condificted, the stressed
nitride layer 314 may be deposited over the device
depicted in Figure 3F. The stressed nitride | ayer 314
has ahhhicefisiesshacausa thaadegsid@tﬁom@@)cmftdomﬂlsbme angier silicon
nore preferably a thickness in a range of 500 Ato
1000AzosiiEdurih@ spidefai@fiandttiinglB avéied erditely has

i mproved stress transfer efficiency due to the

thinner ( %%ﬁ@mll&h% ¥ af Ig%ﬁ%}/a@gs)él(ﬁﬁ@ictﬁé post @ﬂlcﬁlb' rRRS@Pof a

appl 1 cat stress transfer

ef fici.enc i s defined as th t

devi GUTRR e PO e SRt e LY afelba D cncion
thi ckness. In addition, se .the to(ﬁj L ositi
it HTegPPEiE Al PERIEb P OtCiPor BREVHOT. ¢ AT Steposiing
possibility of void formation during nitride fill of
nest eitsi0R Lrctitridestdhéng wdidSdan oxgimetehing unif 4@deand festressed

bet ween dense gate structures is larger (as a result

of  newaYIing depesitmaedr4)5, one can utilize thicker
stressed nitride than m ght otherw se be allowed. By

reduci ng tiipe oﬁi?i@%ﬁoﬁiﬁﬁﬁmﬁﬂﬂadeg&ﬂs & ubs aawesthperature 0x1de
|ncrea3|ng the l'iner thickness by an equi val ent

B SRR a0 ARriee-ar e o

SI|ICIde spacer renoyal

i nverliEPesS AR aﬁlmope%léw@feﬁvg %Rfﬁ"%’“ﬁl@ 38?0058% %’SS‘* LG

the etchin processes. Therefore, there is mninal
negative {[%9 airideeiching ugit ¢03 exposes 'the oxide on the sxdewalls 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



13 characteristics, because the degradation
associated wth silicide and/or silicon erosion
during spacer renoval etching is avoided entirely.
Figure 4 illustrates an apparatus 400 for the post
silicide removal of a nitﬁhde spacer according to an
exenpl ary enbodi nent of the present invention. 5 The
apparatus 400 i ncludes an oxi de depositing unit 401,
a nitrj [ L. gl oIy RO fudREL
305, "B DR TP Ir iikkr A olinkls MRl
nitride Iinercgggositi unit 405. The oxi de
depoSPRANSEMEH; Y)“ielﬁeé%’ 1§ a thin, low tenperature
oxide layer uniformy over a processed ma%er. The
nitride deWels the imyenfianhasdeen drspribetan fems of seyerghexemplary
ani sotropic |ayer over the previously deposited oxide

| ay efembbllienenist thoskeskéleahin tige arhivill oGgneseibade Mpention carebe
on the si.dewalls of the spacer only. The oxide

et chipgtibeH Witf BbdiRABMEFithiAehoitheand Bedeaf shedppalded

of the spacer to expose the nitride spacer. The

nitr% gtching unit 403 then renoves all of the

nitride, including the nitride masking | ayer and the
nitride 15 spacer fromth fer.. :Str i
depositinguﬁﬁ{inﬁﬁgmﬁg%gégPﬁﬁgﬁk g%%ﬁ&%%ﬁﬁ?eigSéé&ﬁwﬂmns
stressed liner over the wafer. The present i.nvention

pr oviofal claimelemsats(aa IiaindRy 1455 AuHBE PrOsTH Rt de

spacer renoval where the nitride spacer may be

renoved while protecting the silicide from attack.
Because of this feature, the spacer maybe renoved 20

wi t hout affecting the extrinsic series resistance of

~ the.device.



Therefore, by enploying the nmethod of the present
i nvention, one can inprove the stress transfer
ef ficiency of a given contagt etch stop liner
process, increasing device performance. Additionally,
removal of the nitride 14 spacer enables the use of
thi cker stressed liners, and consequently, further
en nt of device performance. Wile the
ingg%ﬁ@gﬁ*has been described in terns of severa
eX i & MainfeAhodi ments, those skilled in the art will
recogni ze that the invention can be 5 practiced with
nodi fication within the spirit and scope of the
appended clains. Further, it is noted that,
App! i canhsmethéd 8femioSine® HACH TAS & peA ilialeaiustured the
all claimelenents, even if anended | ater during
pr 64 ellicidenstrudtore it Mg thé¥aker ddel slididolay s fofmedon a
nmet hod of renoving a spacer froma post silicide
St substrateethe hikehodpasiprsing: ci de structure incl udi ng the
spacer and a silicide layer fornmed on a substrate,
t he nmet hddpasiting ansoxndg lagepost 4 surdacaw! eoid gestlsdicade over
a surface of said post silicide structure, said
ox stdectiraysaid drade rydeposd depdsitaderves siidi spasacand saiidikeida
silicide |ayer;

layer;

depositing a nitride layer over said oxide layer;

etching said nitride layer o expose a portion of said 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.



depositing a nitride |ayer over said oxide |ayer;
etching said nitride | ayer to expose a portion of
sai d oxide layer disposed on a sidewall of said
spacer; etching the portion of said oxide |ayer which
was exposed by said etching said nitride |layer to
expose said spacer; and renoving said spacer and a
remai ni ng portion of said nitride layer. 2. The
met hod according to claim1, wherein said oxide |ayer

4. M%&ﬁﬁidta%rdiﬁr%fbf&iiﬁﬂ', h¥cremahid akidk IRRS s dhpbdied 8®h that a
structure. 3. e nethod according to claiml,

vertica VR & oF sgidindridd Taydrdempade b thickneshaRAH dnedieN®ihn a thickness
conformal |y -over said oxide |layer. 16 4. The nethod

of a hogigegthldhdigon of Ridhitide laydierein said nitride layer is
deposited such that a vertical portion of said
nitride |layer conprises a thickness that is smaller
than a thickness of a horizontal portion of said

5. nitihe ndthodayerding fo e hwihheth awotehdigtbe patich af the gxide
wherein said etching the portion of the oxide |ayer

layer compisdssedor osldereictoxi de etch. 6. The net hod accordi ng
to claim1, further conprising: renoving a remaining
portion of said oxide |ayer. 7. The nethod according
to claim6, further conprising: depositing a stressed

6.  nifhe method ageording tyclajmy Iy st copmriseizde st ruct ure.

removing a remaining portion of said oxide layer.

7. The method according to claim 6, further comprising:

depositing a stressed nitride layer over said post silictde structure.



17 8. The nethod according to claim1l, wherein said
oxi de | ayer conprises a thickness 1in a range of 20 A
to 500 A. 9. The nethod according to claim1, wherein
said nitride layer conprises a thickness in a range
of ' 50 A to 1000 A ABSTRACK7 METHOD AND APPARATUS FOR
POST SILICIDE SPACER REMOVAL A nethod (and
apparatus) of post silicide spacer renoval includes
preventing damage to the silicide spacer through the

8.  USPheQhetRdd :ic@cﬁﬁfn% AN Elaipf 1 &{?heﬁ?&h §ed b3y Shyer Shpriangl tickness

nitride |ayer 02).
in a range of 20 A to 500 A.
9. The method according to claim 1, wherein said nitride layer comprises a thickness

in a range of 50 A to 1000 A.



