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1 3 SEP 2005 METHOD OF FORM NG SALI Cl DED PCLY TQ METAL CAPACI TOR

BACKGROUND OF THE | NVENTI ON (1) Field of the Invention The inventilod SEP 2003
relates to the fabrication of integrated circuit devices, and nore
particularly, to.-a nethod of creating a capacitor that avoids problens of
hi gh etch selectivity and the presence of remants of salicided materi al

~.and that reduceETH® CgotrERMIAIG oy RWHs mEtwern MPeAR! @i escofokhe

capacitor. (2) Description of the Prior Art The majority of the functions
that are perforned by sem conductor devices are functions of data
mani pul'ation or logic functions, these functions are nostly related to

digital data nanipulationéﬁqkdgbdﬁg 5%9&H9§m&ﬂ%ﬁ tions of analog data
unct1 ons depen

mani pul ati on. Many of these on and nake use of data
retention, these data retention functions are performed by sem conductor
nmenory devices. Two types of nmenory devices can be identified; that is
menory fuynctions that retain data in storage cells fromuwhich the data can
only bélseagl€§§a8fcﬁpﬁ VBif6Rte®Por ROM s) or menory functd ons wher eby the
data cannot only be read but can also be altered (Random Access Menories
or RAM s). Thg 3ngpptigpsrelates to the fabrication of integrated

circuit devices, and more partiéﬁlarly, to-a method of creating a
capacitor that avoids prdblems of high etch éelectivity and the
presence of remnants of salicided material and that reduces the

potential for shorts between the plates of the capacitor.

(2) Despription of the Prior Art

The majority of the functions that are performed by
semicﬁnductor devices are functions of data manipulation or logic
functions, these functions afe mostly related to digital data
manipdlation but do ﬁot exclude the functions of analog data
manipulation. Many of these functions depend on and maﬁe use of
data retention, these data retention fungtions are éerformed.by
semiconductor memory devices. Two typ;é of memory deviceé can be
identified, that is memory functions that retain data in storage
cells from which the data can only be read (Read Only Memories or

ROM’s) or memory functions whereby the data cannot only be read

but can also be altered (Random Access Memories or RAM' 5) .



The. latteer category of menory devices has been created using a nun‘geg ﬁf
di fferent approaches, resulting in different types of RAM devi ced. EP 2005
Di stingui shed can be for instance the Dynami ¢ RAM (DRAM, which uses
capacitors as the storage nedium and which are therefore, due to the

non- per manent nature of capacitive stor@4ge, periodically refreshed, and

the Static RAM (SRAM which depends on the presence of a power source for
the retention e thd itoret ety DRAMmENDdeas. aff ara aduant ages: ofq eeONRgY
of construction and of relatively high storage capabilities and have

t her ef or @ maimaeacted & ffreatntdestp ofa@tdLntion it d %_rﬁmefg‘hdé{.Q% of
i ndustry. DRAM nenory is typically created by creatgrng a multipli C)(%?/S of -

menory ceiAs davianged bis Bl XsKau neaFash €8l iy d S8% Balgrage.
capacitor and a gate el ectrode type transistor, ich is comected I

series w tgroheryHenys &£l ¢ $,50f al:g?ﬁ% cell configuration. Word |ines
and bit lines provide the fuér?%at(?otn%%l?capa i i‘Jléyoroﬁ‘g% HehoryLek| pre

the transist ol t ell is connected to the word line while the
bit lines are %Lg%l'ne{{?eec%('\)ﬁ‘ge SEAS P AT T e 2 HHe Wof F3Rafest Binel drerage,

lines int ect. u r an.angl e of ninety degrees. The capacitive charge is
accessed %‘grélr%%hc‘?nf&n f%%r%%l‘?dbya%%ﬂ%tf’rwlt%eﬂ%r tSRAN hewlahdh t iepsedse
anplifier V\Qi ch results in the capacitive charge to be read by the bit
line of fﬂb NWet¢ncahet a power source for the retention of the stored

data. DRAM mémories offer advantages of econdmy of construction

'énd.of relatively high storage capabilities and have therefore
gttracted a great deal of attention in the semicoﬁductor
igdustry. DRAM memory is typically created by c%eating a
'multiplicity‘of memory cells arranged in matrix form. Each cell
comprises a2 storage capacitor and a gate electrode type
ftransistor, which is connepted in series with other mehory cells
of the DRAM cell configuration. Word lines and bit‘lines provide
the functional capability of the DRAM memory cell, the tranéiétor
of the DR%M cell is connected to the word line while the bit-
lines are connected to a sense amplifier. The word lines and‘bit
lines intersect under an angle of ninety degrees. fhe.capacitive
charge is accessed or read from the céll by activating the word
line and the sens§ amplifier, which results in the capacitive
charge.to belread by the bit line of the CRAM cell..The

capacitive charge is then further amplified by the sense



capacitive charge is then further anplified by the sense 1 3 SEP Zoggaé
anplifier, resulting in either a zero or a one Vol tage | evel prodi Byz‘m5
the sense anplifier. One of the critical conponents in the creation of DRAM
menory cells is the capacitor. Is it required that the capacitor has a
hi gh storage retention, is inpervious td noise and does not require an
excessive a nt of surface area. To address these concerns, different
arrangen@ﬁ?gg#&§§'bégﬁuﬁFéﬁésé@ féthee a eregat ban aofortchercdapae haerveaf a
DRAM cel I . One such arrangenent provides a stacked capacitor. The nenory
cel | -und®rovhided Ruyr angewemisecemprliifésrone transfer gate transistor and one
stacked type capacitor. The transfer gate transistor conprises a pair of
source/drain regions formed in a surface of a silicon substrate and a gate
el ectrode (word line) that is formed on the surface of the silicon

substrate w tlorn dsWeatd AR il@yelcongdr@iResed, ther ehet ween, OTPED%CKEd
type capacitor conprises an underlying éﬁectro e (storage electrode) which

extends ey RASid i1QN @hove e-el egtrode to a. position above a
field isolation filnllé part o%%t égggp§%1%§ 3%9%%ﬁ%€6i (' O P RAC E P

source/ dngid 4 egi 6% Eﬂ; te.electrode. A dielectric layer is formed on
a surface of theggﬁﬁérﬁﬁ ggégaéﬁ%%%B ard Apervious to noise and does not

require an excessive amoqnt of surface area. To address these
concerns, diffgrent arrangements haﬁe been-pfoposed for the
ére;tion of the capacitor of a DRAM cell. One such arrangement
provides a stackgd capacitor. The memory cell ‘under this
a;rangement comprises one transfer gate transistor an& one
‘stacked type ¢apacitor. The transfer gaté Lransistor comprises a
pa;r of squrce/drain regiqns formed in a surface of a silicon
substrate and a gate electrode (word line) that is formed on the
surface of the silicon substrate with an insulation layer
intéfposed therebétween. The stacked type capacitor comprises- an
underlying electrode (storage electrode)} which extends froﬁ a

position above the gate electrode to q”positioﬁ above a field

isolation film, a part of the capacitor is connected to one of .

the sou;ce/drain regions of the gate electrode. A dielectric
layer is formed on a surface of the underlying electrode and an
upper électrgde (cell plate) is formed on a surface of a
dielectric layer. A bit line is formed on the capacitor with an'

interlayer insulation laver interposéd'therebetween, the bit line



upper electrode (cell plate) is formed on a surface of a dielectrig é Zm
A bit line is forned on the capacitor with an i'nterlayer i nsul at itod ég: 05
i nt erposed t herebetween, the bit Iine 1 3 SEP 2005 is connected to the

ot her source/drain regions of the transfer gate transistor through a bit

| ine contact portion. The stacked typei capacitor is characterized in that
capaci tance of a capacitor is assured by providing the main part of the

capaci t okS exterdiag hboveet hehgat eoetectaodenandgtbesfbel dnéselatien, film
this to increase an area where the el ectrodes of the capacitor are opposed

to each gahertransiheorathanggrent bt aiAENREYcGEL! p6PRPLLSESHE SP56aLled
cylindrical stacked type capacitor. A transfer gate transistor conprises a

gate el eeypedeapupi doki AE) cWht-hca-peLiphery t with an
i nsul ati on Iayzé A aord Ifne mftﬁ a %gr?%hgbgé hé?cggxgovered Swith the

i nsul ati i n,.t h face a_shield electrpode which is
f or med OEQSEEEE?ECZSO?EQEQS?IP& r%% ggﬁﬁpﬁlﬁ EﬁFgI8$9588 FABaCALiosn

filmint t her ebe nderl yi ng el ectrode of the capacitor
corrprlseg&egﬁggn % tloﬁﬁgfgﬁﬁgd Eﬁcérgﬁﬁféeé &heafiphdubapiien ibay i lm,

covering Eurfgces of the gate electrode) and a word line with a
cyl i ndri EBESp6Pt FBRTEREEN Pn&r@érﬁpééﬁlyhénélaﬁﬁapdhy profmheheapsariftace of

t he base gortlon in the formof a cylinder. A
, e opposed to each other.

Another arxrrangement of a memory cell comprises a so-called

;ylindrical stacked type capacitor. A transfer gate ttansistor

comprises a gate electrode (word line) with a periphery that is

‘covered with én insulation laye;. A word line with a periphery
tha; is covered with the insulation laver is formed on the
surface of a shield electrgde which is formed bn a surface of a
silicon substrate with a shield gate insulation film interposed
therebetween. An uﬁderlying electrode of the capaéitgr comprises
a base po%tion (formed on a surface of an insulation léyef
covering surfaces of the gate elect;pde) and a word line witﬁ a
cylindrical portion extending vertically and upwardly from the
suffacerof the base portion in the form of a cylinder. A
dielectric layer and an upper electrode are sequentially

deposited on a surface of a lower electrode. The cylindrical

portion of the capacitor can be used as a region for storing



dielectric layer and an upper electrode are sequentially deposited,o &ﬁl 5
surfdace of a |lower electrode. The cylindrical portion of the capéc J&ﬂ
be used as-a region for storing 1 3 SEP ZOCS el ectric charges, enabling the
capaci tance of the capacitor to be increased w thout increasing the plane
of the capacitor. For purposes of processing efficiency it is desirable to
integrate the creation of a capacitor as part of a DRAM ceII wth
processi ¥g-esteps chat-gksr, methe lavier alhle BRAMGRlhce WH Iteg1 &8atl qn Qg‘
the capacitor of the DRAM cell forns part of the overall c?ces& ng L
stream angumberdofvithese PNRGRSSI M p r iLGa to the creation
of the capacitor of the DRAM cell. %E)l(rél %rl%g(r%t Og‘ragc%ss%%g seqotfence t hat
simul taneously creates a MOS gate el ectrode and a polycide to polysilicon
capacitor is shown in Figs. la through lc. Active surface . regions in the
surface of s I arg defined s .of the field oxide insulation
regi ons 12 an%ﬁ%ﬁgjs heefgg)trOC 8’51?’30 144580 o rirke d- Sofdes I zakee 200 of
ponS|I|c,r.t er a_layer 18 of pad oxide, the top layer 22 is a
sal i ci ded tt‘%r re&&ce @5nt°§cta CEPR e aSnBAT t I gatiRae! eptydes did.
Source re |on 26 and drain region 28 inpurity inplants (conprising LDD
regi ons 25 “And 279 edsd ith@y)f Orﬁa\ﬁélebé@rﬁlt@rldvmil@dt iqeltthe vetirfeacen ©f
substrate 10 as have gate

creation of the capaCltor of the DRAM cell forms part of the

overall processing stream, a number of these'processing stepé are

dedtcated to the creation of the capacitor of the CRAM cell. A

prior art processing sequence that simultaneoﬁsly Creates a MOCS
gate electrode and a polycide to polysilicon capacitor is shown
‘in Figs. la through lc. Active_surface.régions in the sufface of

suqstrate 10 are defined by means of the field oxide insulation

regions 12 and 13, Fig. la; The gate electrode 14 is fbrmed of a-
layer 20 of polysilicon overlying a layer 18 of pad oxide, the

top layer 22 is a salicided layer for reduced contact resistance

with the gate electrode 14. Source region 26 and drain region 28

impurity implants (comprising LDD regions 25 and 27 respectively)
have been provided in the surface of substrate 10 as have gate

spacers 24 for improved insulation of the gate electrode 14.

It is well known in the art that, to reduce contact
resistance with the points of electrical contact of the gate

electrode, these contact regions are salicided. This is



' rs 24 for inproved insulation of the gate el ectrode 14. It ig
Egg\(/:me ?n.t he art rr}t)hat, to reduce contact resistiance with the poi ﬂti\eéﬁp 2005
electrical contact of the gate electrode, these contact regions are
salicided. This is 1 3 SEP 2005 6 acconplished by formng a silicide film
of a nmetal-that has a high nmelting poigt on these surfaces. A titanium
silicide filmis frequently used as a high nelting point silicide film

whi | e cobatom}ighate mndtonmke) sidicidaid itmhaye a0 beeMat nas 5
i nvestigated. The basic success of form ng salicided contact |ayers Can be

achi eved idugn tros T tiend ass: A hadn ogrdl b Bkalsy SUch . a8, Ui tani um or pobal ¢,

; ium 51 ;
react when heated while they are in contact with siTicon. Bnis

¢ R o ; |
forns con h&ee B | e vier urface of the S|1Lgpn,mhlle,the net a
however dgigﬁ nolfet BIFea%%@vﬁ h695| ?]‘Ecgﬁe%(ll%%sg?owtf%}“‘ﬁgcm’Fir%%n"”&k?%e

i S th te el ectrode, the deposiyed.netal does
agﬁce{ztg?%%%fgﬁ%%Pfﬁgé%i%égwﬂ*é? the-guie & HRtPede aheoseparate points

' t can hbe fornmed for the source/drain regions and the
gLrsgggtg%g?%%ggg?ggeléﬁ?? St RePETFIRY DhckorBlmygsalialdedpacntactl6 is
being forped on the surface of the field oxide isolation region 13. The
| ower p|a¥%Y% So?a%a$%c??5+eﬁ%gi%u%aﬁ@e?%%df@@tath@hecsaHELnlmetaistheuch

as titanium or ;obalt, react when heatedgwhile they are in
rcontact with'silicon. This reaction'forms_coﬁductive silicides
éver the surface of the Silicon-while the metal however does not
react with silicon oxides. By forming silicon oxide s?acers on
the sidewalls of the gate electrode, the deposited metal does not
“interact witﬁ_the sidewalls'of_the gate electrode and se@arate
po;nts ©f electrical contact can be formed for the source/drain

regions and the surface of the gate electrode.

Referring back to Fig:. la, capacitor 16 is being formgd'bn
the su;fage of the field oxiderisolatibn region L3. The Jlower
plate 30 of capacitor 16 is patterggd,at the same time at thé
gate electrode 20. Salicided layer 32 is formed at the same tinie
that the salicided léyer 22 is formed on the surface of gate
electrode 14. Salicided layer 32 forms the bottom plate of the
capacitor and ié created following tﬁe same considerations that‘

have previbusly been highlighted for the formation of layer 22.



gat.e el ectrode 20. Salicided layer 32 is fornmed at the same tine tha§ (5%
sal.icided.layer 22 is forned on the surface of dgate el ectrode 141 3 £ 05
Salicided layer 32 forns the bottomplate. of the capacitor and is created
foll owi ng the same considerations that have previously been highlighted

for the formation of layer 22. 1 3 SEP Z005 Referring nowto Fig. |Ib, there

is shown in cross section of capacitor? 16 after consecutively a |layer 34

of tetra-ethylgs: - silicate (TE and a layer 36 of titaniumnitride
have been deplgggltétégqg\?elrnoltwhgtosErl;gaccz?odf t?’ﬁ’éei 461 SOCSR rBgicH SER SareriEsy of

i ncl udin tg%isc%rrf ?L%e ft salicided | ayer 32. Fromthe cross section that is
shown i nFF§ i tcaANHE COOREIUded Stat grveE &t Sfettiedd aofe Wyydatd Tigh e
capacitor .as part of a DRAM cell conprises: using salicided poly as the
bot t om pl® ale}ccpi’ft‘-et HEECsdacindord, 1avegyeyd 3L ofitRing.un eisiing TEGS asedhe
dielectric material for the capacitor, layer 34 of Fig. Ic using titanium
nitride @RPAYSItED e n dfepate fofce g tdepadcidlortidrayegidd 1 FHdren €.
Probl ens are encountered with this nethod of creating the capacitor of the
DRAM cel Iinalhesaqridie ene: feare bef susmiariiczet 1asyed od ows:

From the cross section that is shown in Fig. lc it can be

goncluded that. prior art method of creating a capacitor as part

of a DRAM cell comprises:

- using salicided poly as the bottom plate of the capacitor,

- layer 32 of Fig. 1ic

- using TEOS as the dieléctric_material'for the capacitor, layer
34 of Fig. 1ic
- using titanium nitride (TiN) for the top pate of the

capacitor, layer 36 of Fig. 1lc.

Proﬁlems are encountered with this method of creating the
capacitor of the DRAM cell, these probléms can be summarized-as
follows:

- the etching of the upper layer 36 of TiN is a challenge in
view of the need for a highly selective etch of layer 36 with
respect-td the underlying layer 34 of TEOQS. Lack of this
selectivity in etching layer 36 rgsults in damage to the

underlying layer 34 of TEOS, affecting the integrity of



-

the etching of the upper layer 36 of TiNis a challenge in view of t§E
need for a highly selective etch of layer 36 with respect to thel 3 P 2005
underlying | ayer 34 of TECS. Lack of this selectivity in etching | ayer 36
results in damage to the wunderlying |ayer 34 of TEGCS, affecting the
integrity of 1 3 SEP 2005 8 dielectric |ayer of the capacitor and therewith
affecting the performance and reliabilﬁty of the capacitor, and the

process of gabigidaiio t s _applied for the creation of |layer 32 is
prone to | eave sali%#d£%§%§t%%iETgiﬁa%ﬁ%b%Qr 1Pl stk erieh ¢ 8fegpinal ke

difficult t o FP &g&ely %ﬁnnve_frpn] the surface in view of the netallic
nature of the saficided®NatEFt 4fPihey ¢f esenceamicihese aramants, al so
referred to_as salicide stringers since these remant typically have the
form of'exFEﬁdBﬂ?c?ﬁFnoﬁeﬁallttdstibmgShatsipr@@pli@dc5@§ethglgggggggk
shorts through t he deposited |ayer of TEGCS, shorting the |ower. plate 32
with the upp rl%Y%¥e3%6iSThQOhaVEotl@mv@rgaiﬂeﬁd@dnﬁé@@ﬁi&ba¢ne%iHLPates
t he above highlighted disadvantages.. US 6,110,791 (Kalnitsky et al!)

shows a caphBiforawheielthe' typapatiyoai diebeLtrig LSnsl d a to form
air gaps. US 6,140, 200-(El dridge) shows a nethod for %ﬁégggéYt%QMathfrom
the surface in view of the metallic nature of the salicided

‘material. The presence of these remnants, also referred to as

salicide stringers since these remnant typically have the form
of extended, thin metallic strings, is prone to cause

electrical shorts through the deposited layer of TEOS,

-shorting the lower plate 32 with the upper pléte 36.

The lnvention provides a method that eliminates the above

highlighted disadvantages. .

UGS 6,110,791 (Kalnitsky et al.) shows a capacitor where'ﬁhe'

capacitor dielectric is etched away to form air gaps.

US 6,140,200(Eldridge) shows a method for a capacitor with‘

air gaps.

US 6,143,618 (Chen et al.), US 6,124,199 (Gainbino et al.).,.

US 5,641,702 (Imai et al.) teach related capacitors.



air. gaps. US 6, 143;618 (Chen et al.), US 6,124,199 (Gainbino et al.), gﬁn
5,641, 702(Imai et al.) teach related capacitors 'l 3 SEP 2005 9 sb 3
THE | NVENTI ON A principle objective of the invention is to provide a

met hod for the creation of a salicided polysilicon capacitor that avoids
probl ens of differences of etch rates between an upper plate etch and the
etch of the dielectric |ayer of the capacitor, Another objective of the
invention is to provide a net RodMAR®r oFhesgr eavkemref a salici ded

pol ysilicon capacitor that uses a conposite oxide for the dielectric of

the capacitor, thereby achieving high capacitive value of the salicided
polysilicon capacitor. Another objective of the invention is to provide a

nethod for the et ofh i saleCi ol.ysjli.con capacitor that creates
a salicided polysili cg% capaci tor ehecl)\%e%l%a l\%l/g]:eln-tccfeqfnl nlesg%sﬂ &’e‘?ﬁéﬂcﬁ% Ahot her

obj ecti veg,af, ' ti i 0 lwavide .a.nmethod  for the creation of a
sal i ci ded polid;%%%ﬁ%cggéatﬁgﬁl eraeﬁiﬁ‘dﬁlr%$ Ry §14- 158 s acidine e

eakage U bl ARG Al o 3 SEF, 2009

ences of etch rates between an upper

plate etch and the etch of the dielectric layer of the capacitor.

Another bbjective of the invention is to provide a method
for.the creation of a salicided polysilicon capacitor that uses a
composite oxide for the dielectric of the capacitor, thereby

achieving high capacitive value of the salicided polysilicon

‘capacitor.

Another objective of the invention is to provide é method
for the creation of a salicided polysilicon capacitor that

creates a salicided polysilicon capacitor having a well—definéd

sidewall.
Another objective of the invention is to provide a method -
for the creation 9f a salicided polysilicon capacitor whereby an

air gap is used to reduce'edge leakage current in the capacitor.



10..Anot her objective of the invention is to provide a nethod for the
creation of a salicided polysilicon capacitor whereby shorts bet Ge%rSEB'ngnus
capacitor plates are elimnated. Another objective of the inventionis to
provide a nethod for the creation of a salicided polysilicon capacitor
. whereby .salicided stringers are not crgated as part of the creation of

the capacitor.. In accordance with the objectives of the invention a new

met hod is prownhdedefoppthe rgheabison,ef ; ki de | ysilicon_ capacitor.
A salicided | ayer gf poFysFLiconEighgrégfggkgéhtEg Q?oégkb%ﬁgts 8Fe§°d

sal i ci de 0 i LA : i tor I e surface of a field isolation
regi on- %OFaggﬁ gfgggﬁ?gg%%n%tFﬁgé%ﬁg%gdgﬁggﬁfgdC89eFaPﬁ81FPéIHhS%FHé

i sol ationyregi.on_including the surface of the salicided polysilicon |ayer.
A | ayer %PO$%ES%F§Q%3Sp5§%téﬁpgﬁéﬁofh8ﬁ§ﬁﬁﬁaééeoﬁ1ﬂﬁénP§?§r of silicon
nitride, a layer if titaniumnitride is deposited over the surface of the
| ayer of TECS. The layer of TiNis etched after which the layer of TECS is
etched. The etch of the layer of TEOS is an overetch whereby TECS is
symret ri cal | y P&eEd PSRt geofedtie tihvestdloed 15| apeprofrifieNa, meeaddng
remmants of TEOS in place underneath the etched layer of TiN while at the

sane ti mEoeT édnS My editi gas aurmddrinsate tha yetichedn awehcaf ol MncAdAyer of
si | ane based oxi de .

salicided stringers are not created as pait of the creation of

the capacitori,

"In accordance with the cbjectives of the‘invention a new
method is p;ovided for the creation of a salicided polysiliceon
‘capacitor. A.§alicided layef of polysilibonlis created aé the
lower pla;e of a salicided polysilicoﬁ capacitor over the surface

. of a field isolation region. A layer of silicon nitridé is
deposited over thg field oxide isolation regidn including the
sprface of the salicided polysilicen layer. A layer of TEOS.ié
depositediover the surface of tﬁe layer of silicon nitride, a
layer if titanium nitride is deposited over the surface of tﬁe
layer of TEOS. fhe layer of TiN is etched after which the layer’
of.TEOS_is etched. The etch of the layer of TEOS is an overetch
whereby TEOS is symmetrically removed from underneath the etched
layer of TiN, leaving remnants of TEOS in place underneath the
etched layér of TiN while at the same time creating air gaps

underneath. the etched layer of TiN. A -layer of silane based oxide



1 3 SEP 2005 is deposited over the surface of the field oxide ISOla%gﬁ%’Zmﬁ
region including the surface of the etched layéeér of TiN, thus en di 0
the air gaps that have been created underneath the etched |ayer of TiN

The latter |ayer of silane based oxide is patterned and etched, formng

t he upper plate of the salicided polysilicon capacitor. The TEOCS remnants
remai ni ng in place underneath the etchéd |ayer of TiNis part of the
dielectric layer of the capacitor. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gs.

|a through Hepskawea prier caet supkbed of ¢pea i gided nol ysilicon
capacitor. Figs. 2 through 5 agdress t he |nve%%?%ﬁ Oxﬁ%FoﬁPo%gt ?” region

shows a aressaseet kar af & fLe d Ia i.on has been
created on the sgrface of a Eu%gtggkegtC%g écﬁeé 8hd 93 §V %Hédﬁﬁﬁkﬂskﬂg

pol yci de S e e surfac e field oxide. isolation
r egi on, g&%cggglggg a?%%g gEV% coﬁrﬁF%F%dgn PEAS 4R TRt &vciRchiliniate

have beegfd%ﬁg3|% g 19yer  the surf f the field oxide insulation region
i ncl udi ng e ‘surfacé -of 't HEYEECR dsé @&aPAcrde @Misyert soPaFdleysiade. arkB

SEP 2005 %Zh d!gf 3 shows a cross section after the |avers of titanium
etcne orming the upper plate of the salicided polysilicon

capacitor. The TEOS remnants remaining in;place underneath the

etched layer of TiN is part of the dielectric layer of the

capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. la through lc show a prior art method of creating a

salicided polysilicon capacitor.
Figs. 2 through 5 address the invention, as follows:

Fig. 2 shows a cross section of a field oxidé iselation
region that has been created on théﬁé££face of a substrate, én
etched and salicided layer of polycide has been created on thé
surf;cg of the field oxide isoclation region, successive layers of

- silicon nitride, TEOS and titanium nitride have been deposited
over the surface of the field oxide insulation region including

the surface of .the etched and salicided layer of polycide.



ni t.ri de and TEOCS have been patterned and etched.] Fig. 4 shows a cross
section after a layer of silane based oxide has been deposited oved ol 2005
surface of -the field oxide isolation region, including the surface of the
etched layer of titaniumnitride. Fig. 5 shows a cross section after the
deposited | ayer of silane based oxi de has been patterned and etched,
further closing up the air gaps created underneath the patterned |ayer if
titaniumnitride and creating access to the top plate of the salicided

pol ysilicon capagci Boshelst heci-R¥gntieR,; oPE T THE PREFERRED
EMBODI MENTS Referring nOM/specificaIIyl?o g?gkngg?hggé“Fé Shovt "3 ¢MBs s

secti-on afitaigenyaangeekor SUr 0 referably the surface of a silicon
nonocrystal line substrate,aon %E%gs P 5%5“8 ﬁﬁpcﬁtﬁ§$8' been created: -

13, aregion of field oxide isolation - 30, a patterned and etched | ayer of

polycide - 32, the salicided surface of the layer 30 of polycide - 38, a

| ayer of siligon niitride (Si 1 3 SEP Z005 13 40, a layer of TECS - 42, a

y . €Q L 4. bo ss ti Y i

| ayer of t|tan|8n1n|§ Y FTFHP- section after a layer of silane based
oxide has been deposited over the surface of the field oxide
isolation region, including the surface af the etched layer of

titanium nitride.

'.Fig. 5 shows a cross section after the deposited layer of
| silane based oxide has been patterned and etched, further closing
up the air gaps created underneath the patterned layer if

Ctitanium nitride and creating access to the top pilate of the

salicided, polysilicon capacitor of the invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now specifically to Fig. 2, there is shown a cross
section of a semiconductor surface'id, preferably the surface of
a silicon monocrystalline substrate, on the surface of which have

been created:
- 13, a region of field oxide isolation
- 30, a patterned and etchéd layer of polycide

- 32, the salicided surface of the layer 30 of polycide

- 38, a layer of "silicon nitride (SiN)



o A

Fiel d oxide region 13 is created on the surface pf substrate 10 for

i sol ation purposes and is nost typically used td separate p-chanﬁue3 SEP 2005
devi ces (PMOS of PFET devices) from n-channel devices (NMOS or NFET
devices). Field oxide regions are also created surrounding the CMOS
devices for the creation of word lines 'Br capacitive conponents on the
surface Lheﬁsof. egion 13 is created by initially growwng a thin |ayer of
silicon di oxrde®ov@fert Ré $&PFace of substrate 10 via thernal oxidation
after which a layer of silicon nitride is deposited over the surface of
the layer 8%:spPlilegrrdidxideanThe haye&def(§hbﬁcon nitride is deposited
usi ng met hods of Low Pressure CVD (LPCVD) or Plasma Enhanced CVD ( PECVD)
to a thickness between about 50 and 200 Angstrom Using nethods of

phot ol i t hography and Reactive lon Etching (RIE) the pattern for the Field
Oxi de (FOX) Fiegionsins rdefbpeqdson.t rface substrate 10., the |layers
of silicon nitride and si?iggngaigiiggegggdrgﬂngga ProAfEBovE Ehessartace

of the supbstygatieers, OX regions have to be created. After renoval
of the patterned |ayer o]* rl:g#l: oosreess?aﬁdjtlr?atmqsat 6 Frly thseddefd ridhm of

the FOX regigns, by sma_oxygen ashing followed by careful wet cleaning
of the sugﬁuace of tcgée@ls%ebsst@% Ol HF E sleseidr esur frmem of-drhen ieib stdvat &, 40

is converg@gjé %IF%E]T Sde%%E:EZS(%O_S 14 :

Flgld oxide regions are zalso Created

surrounding thg CMOS devices for the creation-of word lines or

capacitive components on the surface thereof. Region 13 is

greated by initially growing a thin layer of éilicon dioxide over
tﬁe surface of substrate 10 via thermal oxidation after which a

‘layer of silicon nitride is deposited ovér the surface of the
laye; of s;licon dioxide. The layer of silicon nitride is

deposited using methods of Low Pressure CVD (LPCVD) orlP1asma

Enhanced CVD {PECVD) to a thickness between about 50 and 200

Angstrom. Using methods of photolithographyrand Reactive Ton
Etching (RIE) the pattern for the Field Oxige (FOX) regions is
defined on the surface of substrate 10, the lavers of silicon

nitride and silicon dioxide are removed from above the surface of
the substrate where the FOX regions have to be Created. After

removal of the patterned laver of photoresist that is used for

the exposed surface of the substrate iO is converted to FOX



regi ons by exposing this surface to an oxygen rich environnent. FO§ E?;ﬂmﬁ
13 is typically grown to a thickness between about 3000 and 5000 1A gg

in the surface regions of the substrate that are not protected by the
patterned silicon nitride-silicon dioxide |ayers. After the FOX regi on has
been grown, the silicon nitride layer js renoved on a hot phosphoric acid

solution. The layer of silicon di oxi de'*can be renoved using a dilute

hydr of | uge¢ofBFpyaekgosehyt k@R scasirsti.ng ,0f .50 parts H2O and . one part
HF. The creation of |ayer 30 of polysilicgﬁ %g PV%E@&IF&C arf'Vof ongReat -

occurs arokheegas® ti3nest hatia pelysilicon gate structure is created. The
creation of |layer 30 can bgbérScegegrgyngF8wﬁn§héCKP§§érbSF”ﬁ&& aRicté over

t he surfageooknthegheX i 1 e l|layer 30 of polysilicon can be
deposi t ed usina nethod?hgnggEV%ﬂ ggeasP€ EFatGPeCf Bét wben sabsiitra5@0 and

650 degr C t hi s Jbetween about 2000 and 4000 Angstrom The
pol ysil | ot |at§3e?°§og§§§g§§’38r Wn CO§i RG titArerdu Sddpicrs prscéderes lhyon
dopi ng i;th.arsi.ne or phasphine in a saline anmbient. The polysilicon

| ayer BOH%§%1§ s%aggrﬁepggFFédtPﬁtFpﬁsﬁ@ﬁﬂpﬁ ang beped grioan,i Mpr sty 1icQn,

i npl ant of, .arseni.c or phosphorous, at an energy of about 30 to 75 KeV and
a concenlr&EH6R B@?ﬁéeﬁsaﬁéﬁpvselanandhotEbﬁO&@@ﬁ&ﬂ@ﬁ%ciBh@bqhkﬁ@ggrq@ﬁjc
and RIE processing are used to create the polysilicon structure 30 shown
in cross €¥ELi 6F iSAlicon dioxide can be removed using a dilute

hydrofluoric (HF) acid solution consisting of-50 parts H20 and

one part HE.

The creation of layer 30 of polysilicon is typically part of
and occurs at the same time that a polysilicon gate struéture is
- created. The creation of layer 30 can be preceded by growing a
layer of pad oxide over the surface of the FOX region 13. The
layer 30 of polysilicon can be deposited using methods of LPCVD
at a temperature of between about 300 and 650 degrees C to a -
thickness between about 2000 and 4000 Angstrom. The polysilicon
layer 30 can be grown using in situ doping procedures by dopiﬁg
with arsine or phosphine in a saline ambient. The pelysilicon
layer 30 can alsoc be deposited intrinsically and doped via
impurity lon implant of arsenic or phosphoroug, 2L an energy of
about 30 to 75 KeV and a concentration between aboﬁt SEl4 and

2 . .
1E16 atoms/cm®. Photolithographic and RIE processing are used to

create the polysilicon structure 30 shown in cross section in



1 3 SEP 2005 15 Fig. 2. After these processes have been conpl et eng, tx%@’r?““f‘
patterned and etched | ayer of photoresist is renoved using plas % e
ashing followed by a thorough wet clean of the surface The surface of the
patterned | ayer 30 of polysilicon can salicided by depositing a |ayer of

for inst%nicqe i tgn;%t?m %\égar the surface'df the FOX region 13 including the
surface oft%he - &F s eitohett d asre 3 ilicon. The .layer of
titani um can be deposited using rf sputter proﬁﬁ%%ttgqg rEthhel e ned

bet ween atsslite FOC At 0 ENGStdiQiBe By @n ' this . layer of titanium
silicide a thin layer 32 of titani um sili crkle?gﬂ(&%ﬁ%iuf)lqgs 5 BuEren he

| ayer 30 afhipa} yslliaay phhe pr nneal i ng. can be a rapid thermal
anneal in a tenperature rxge of Egh&enta aéh(?g%(ﬁ?edé"g]rfé@scec. for atine

of between 20 and 40 seconds in a nitrogen anbient foll owed by a rapid
thermal anneal in a tenperature of between about 800 and 900 degrees C.
fora time betmeen; A0 and econds also in a nitrogen anbient. After the
anneal process has been cooglte &2t T deetesd 30 tahinehy ssiliiccirded s
renoved fJomdihe e of. the FOX region 13 and the sidewalls of layer
30 of poly uscitlng d;Lg : %feloossdtth‘}%r? oW OE eOiag@mate & ittemietatdfd Of o
about 25 £es & for time of about 30 minutes. This process |eaves
titani umsilicide onthd ©X region 13 including the surface of the

patterned and etched layer 30 of polysilicon. The layer of

titanium can be deposited using rf sputter procedures to a
thickness between about 300 and 450 angstrom. By annealing this
layer of titanium silicide a thin layer 32 of titanium silicide

{TiSiz) is formed over the layer 30 of palys

ilicon. The process

of 15 C oy
annealing can be a rapid thermal anneal in a temperature range

of between 600 and 700 degrees C. for a time of between 20 and 40

seconds in a nitrogen ambient followed by a rapid thermal anneal

in a temperature of between about 800 and 900 degrees C. for.a

time between 20 and 40 seconds also in a nitrogen-ambient..After

the anneal process has been completed,.the unreacted titaniuﬁ

silicide is removed from the surface of the FOX region 13 and the
sidewalls of layer 30 of poly using a 1:1:1 solution of NH.0H-

Hzorﬁho_at a temperature of about 25§ degrees C. for a time of
about 30 minutes. This procéss leaves titanium silicide on the

surface of the polysilicon layer 30.



e e AR

surface of the polysilicon layer 30. 1 3 SEP 2005 16 It nust be r?aéigéplmmﬁ
that this.process of renoving unreacted salicide stringers fromtth
surface lends itself to inconplete renoval of these netallic, salicide
stringers, as previously pointed out. These inconpletely renpoved stringers
are a potential source of electrical shorts between the various |ayers of
a construct and are therefore to be avoid@gd or, if this is not possible,
nmust be prevented from causing any shorts within the construct. Shorts
that can be caused BysgsalicCi stringers between the two el ectrodes of a
capaci tor are of speciglﬁéo%%%%hze?og?%ﬁ FhveneTeresNexf teyevingBunfeacteq
silicon nitghde L3 .1 s_deposited using LPCVD or PECVD procedures at a
pressure betmee%ig%o%§}§%%e51o FO™ ahid® 490° Frires rlewds ai t eaper ab UL ecbapVEER
about 600 apgd,800,dggrees__C., to a thickness of about 100 and 500 Angstrom
using NHB and - i H4”or " Bf JRBtaihicsi 1abbmiae tstdindayer 28 samyvabsolbe
deposi ted u§'99téPCVD or_PECVD procedures using a reactant gas - m xture
such as dic oros?l%ﬂ%'(%F%f?k@?c%wpbﬁgélycnmmseymcgtrﬂﬁégfgaérgngdgggon%a

. ntial
(NH3) as a nltrogen source, at a tenperature between about 600 an
degrees C.,“Rt"6° pPes3tPet betakeshaboutoe BenTors 0di 400 1T9LL, L0 2
t hi ckness between about 100 and 500 ' a

construct and are therefore to be avoided or, if this is not

possible, must be brevented from causing any shorts within the

construct.'Shorts that can be caused by salicide stringers

b
between the two electrodes of a capacitor are of special concern

to the invention.

Next laygr_38 of silicon nitride (SiaNq).is deposited using

: LbCv
; D or PECVD pProcedures at a pressure between about 200 mTorr

and -
400 mTorr, at a temperature between about 600 and 800 degrees

c., 1
to a thickness of about 100 and 500 Angstrom using NH3 and

SiH¢ or SiClzH2. The silicon nitride layer 38 can also be

d . .
eposited using LPCVD or PECVD procedures using a- reactant gas

mixt i i i
ure such as dichlorosilane {(SiClzH2) as = silicon source

material a i i
nd ammonia (NH3) as a nitrogen source, at a temperature

bet
etween about 600 and 800 degrees C., at a Pressure between about

300 : i
mTorr and 400 mTorr, to a thickness between about 100 and 500

i Angstrom.



Angstrom J 3 SEP 2005 17 The deposi Li on 011: Iaygrp?gcce)LSiSing izo];]& I{aosﬁe ﬂm{i
ition of layer 40 of TECS. The preferre : :
H;? ?ﬁgogleposi tion o?‘/ | ayer 40 of TEOtS argrgfuI gl Lg}[/vsméensgg(r)ﬁ?. G-é-goi’ndf |78\6V
rate between about 80 and 100 sccm enp o oronsi ue chanbor
ssure between about 24pyand 260 niforr, p (
Sgg(r:leeZnCi_iD pgsstem time of deposition about 60 m nutes. The t hi ckness to

dielectric
h the | ayefhelQlepbs T ik dapesiiedd gifeferdghngd by th _ f
\rl\glqﬁl remsntsyof the capacitor that is to be creat E ? ﬁa. cated tine o

A typical
osi ti odemayitiver efoLayaccor dingtys havwe Lo As 3 848 d.
?ﬁ:ockness foryl ayer 28 of TEOCS is between about gjog 508 Angstrom

After thecPagErids ébr TEGS dweshessn dapasitedsg Io%y@gc,%%r%a 8sg§ﬁie°d“susu g

deposited over the surface of |ayer 40. Layer 42 can ; 700 Led using

met hods of °EVE;® SECS- t@Wemttarbecﬁedaetgm?gogb%glgstl?g%@ém 200, s%ows G
f between about 300 an

tc(r)ogst glegrp‘g‘fsﬁg‘b%)t"trﬁebg‘é‘rﬁ%ﬁaeetoﬁa(slmdacao Idkegrakket . Q@cefsgggg}lﬁpogr e

d ited I ers 40 of TECS and 42 of TiN have been etched e

sgg??on t ¥I §ﬁ8ﬁﬁ ??Plﬁqﬂ 280 gt processing chamber used: an LP

system, time of deposition about 60 minutes. The thickness to

which the layer 40 of TEOS is deposited is determined by the
dielectric requirements of the capacitor that is to be created,
the indicated time of deposition may therefore accordingly have

to be adjusted. A typical thickness for layer 28 of TEOS is

between about 200 and 500 Angstrom.

After the layer 40 of TEOS has been deposited, layexr 42 of

TiN is deposited over the surface of layer 40. Layer 42 can be

deposited using methods of CVD, at a temperature of between about

500 and 700 degrees C. to a thickness of between about 300 and

1000 Angstrom.

Fig. 3 shows a cross section of the semiconductor surface 10
after the thereupon deposited layers 40 of TEOS and 42 of Tiw
have been etched. The Cross section that is shown in Fig. 3 shows

that the layer 42 of TiN that remains in place is aligned with

the salicided surface 32 of the polysilicon layer 30 while layer

17



that the layer 42 of TiNthat remains in place is aligned wwth the 2005
salicided surface 32 of the polysilicon |ayer 30 while layer 17 1 33éﬂﬁ’

2005 18 40 of TEGCS has been significantly renoved from underneath the
patterned |ayer 42 of TiN Layer 42 of titaniumnitride can be etched using
anisotropic etching with an etchant gas of one of the group of CF4, CHF3,
CHC 3, Cd4, BA4 and A2 at a tenperat'ire between about 100 and 200

degrees € JdheTpoef gkted.gt chi pg; itions_for the etch of |layer 40 are
of TEOS are as fol |l ows: %tcha%? EEEEQ%FHQOFE%?ﬁ%da r%me%gfr?% Bh ofN@bout

15 sccn1Fg@gepﬁggsyggngggtOgogiﬁiorr, rf power density about 400 Watts,

no magnetic field applied, wafer fenperature about -17 degrees C., tine of

the etch about 10 seconds. It is significant to note that |ayer 38 of
silicon nitride forns the etch stop layer for the etch of TECS | ayer 40.
After the layer 40 of TEOS has been etched, the |ayer of photoresist (not
shown) t hat hgéyﬁéeﬁzugédt%BPﬂ%H@ BiERiAg ofn bayetshd40 anminglanssoerpyed
fromthe surface of the etched layer 28 of TEGCS using conventional nethods
of ashi n§*&Rd"g ¥éFBcenvetchentchaanosf onheosuthacgroup of CFs, CHFs,

CHCls, CCl4, BCls and Clz at a temperature between about 100 and

200 degrees C.

The preferred etching conditions for tﬁe etch of layer 40
are of TEOS are as follows: etchant gas: CF4 or CHFs at a flow
;ate of about 15 sccm, gas pressure about 800 mTorr, rf power
density about-éOO Watts, no magnetic fieid applied, wafer
temperature about -~17 degrees C., time of the e2tch about 10
_seconds. Tt is significant to note that layer 38 of silicon

nitride forms the etch stop layer for the etch of TEQOS layer 40,

After the layer 40 of TEOS has been etched, the layer of
photoresist (not shown) that has been used Lor the etching of
layers 40 and 42 is removed from the surface of the etched layer

28 of TEOS'using conventional methods of ashing and a selective

wet clean of the surface.



1 3 SEP 2005 19° The cross section that is shown in Fig. 4 shows Hhﬁ EP Zmﬁ
deposition of a silane (SiH4) based | ayer 44 over the surface of #t e§
structure that is shown in cross section in Fig. 3. The preferred
processing conditions for the deposition of |ayer 44 of silane base oxide
are as follows: source: SiH4, flow raHg bet ween about 80 and 100 sccm

t enperature between about 680 and 730 degrees C., pressure between about
240 and 260 mMtefr RIL0GESSi; g er. used:. an LP system tine of

deposi ti on about 60 m nutes. I - fhéhpayetha0 of TECS
is depogitediis JnfJuenced by the diel ectric requirements of the capacitor
that is tokbelcrggtg ;%t%éqﬁﬁgiégﬂgﬂ;t?ﬁ%e%flﬂéﬁésﬂﬂigﬁernEWEtheré&OQeof
accordin to be adjusted. A typical thickness for |ayer 28 of - TECS
i s bet meglrrn‘)éa%?ét%ciéﬁeaﬁg‘ajﬁds ERGSEy 1 AFOSE e tsorudtuFegthat. is shown in
cross section in Fig. has been conpleted, the surface is subjected to a

t horough cleaning. This thorough cl eaning can be part of the renoval of
the | ayer of photoresist that has been used for the etch processing steps
of etching | aygy, . A layer. of phaotaresist can be etched by
appl yi ng 02 pIa§ﬁ§%éﬁ¥%ﬁ%§1Rﬁﬁ?é%fﬁpﬁpﬁoﬁﬁl&¢QEﬁli?ﬂHzg@ﬂﬁeEQGZUQMm k4 OH

sol uti on- |.fyri c _aci. .
lé?églﬁ4 o] sfiane base oxide are as follows: source: SiHy, flow

rate between about 80 and 100 sccm, temperature between about 680

and 730 degrees C., pressure between about 240 and 260 mTorr,

processing chamber used: an LP system, time of deposition about

60 minutes. The thickness to which the layer 40 of TEOS is

erosited is influenced by the dielectric requirements of the

capacitor that is to be created; the indicated time of deposition

may therefore accordingly have to be adjusted. A typical

thickness for layer 28 of TEOS is between.about 200 and 5090

Angstrom.

After the structure that is shown in Cross séction in Fig. 3

has been completed, the surface is subjected to a thorough

cleaning. This thorough cleaning can be part of the removal of

the layer of photoresist that has been used for the etch

processing steps of etching layer 42 and 40. A layer of

photoresist can be etched by applying 02 plasma and then wet

stripping by using HzS04, H20; and NH4OH solution. Sulfuric acid

(H2304) and mixtures of Hz80; with other oxidizing agents such-as



(H2S™4) and mi xtures of H2SO4 with other oxidizing agents such - 3s éﬁ?ﬁﬁﬁ)ﬁ
2005 20 hydrogen peroxide (H202) are widely used in stripping phot 03 r'st
after the photoresist has been stripped by other neans. Wafers to be
stripped can be imrersed in the mxture at a tenperature between about 100
degrees C. and about 150 degrees C. ford05 to 10 minutes and. then

subj ect eth e o eth | eaning W th deionized water and dried by dry

ni t rogen. { ngﬁgan%g(}lfbg(gidgt qglt‘ar)%‘l)ppaerres,W]'s U9 He sFRa O acihr mseures,
are very _eff hve in.the residual free renoval of highly postbaked

resi st. ?ﬁetf%gﬁté‘\énﬁpé’ EFESAS g’ast R&R NoRarPeest bivppehs zane anise Karfgars the
i mrer si on tisr{e,. t he cl eaner and nore residue free wafer surface can be

obt ai ned “fhé ValPes Sof A& Spidiesseld) iimdihcamdd tover agt eh tefngeayern 40  of
TECS is %pparent fromthe cross section that is shown in Fig. 4, that is
the | ayer 44 §8alrPs 1Gferiangeess Cundernedutt he opakiereed d.ayer 42 f 1
TiN. This effect becones even nore apparent fromthe cross section that is
shown i nFRINGELES, afg dhens sakdreoged sectd amoalteh hednaver A4 ofysid ane,
based oxi de has been etched to create access to the second el ectrodé of
the capaciator. ahdomiriteel trosirys Gy raydmaty oy 3N Jo 15110 .o 135 4, 1S
apparent that the silane based oxide of |ayer 44 has further oMt T At n
the int erfsadthebetuleit iide Sec ok tel:ea,r ode 42 Qf Jde garacitor,

1ve 1n the residual

free removal of highly postbaked resist. They are more effective
than organic strippers and the longer the immersion time, the

cleaner and more residue free wafer surface can be ocbtained.

The valug of the previously indicated over etch of layer 40

ol TEOS is apparent from the cross section that is shown in Fig.

4, that is the layer 44 seals off openings 46 underneath the

patterned layer 42 of TiN. This effect becomes even more apparent
from the cross section that is shown in-Fig. 5, which is a cross
section after the layer 44 of silane based oxide has been etched

to.create access to the second electrode 42 of the capacitor.

From the cross section that is shown in Fig. 5, it is apparent

that the silane based okxide of layer 44 has further contracted in
the interface between the second electrode 42 of the capacitor
and the layer 38 of silicon nitride where these regions are
furthest removed from the remaining layer 40 of TEOS. This

further contraction has in fact more‘firﬁly closed of the air



and the layer 38 of silicon nitride where these regions are furtgeit 05
renoved fromthe remaining |ayer 40 of TEOCS. This further contradt oﬂE%ég
in fact nore. firmy closed of the air 1 5 SEP 2005 21 spaces 46 between
the first electrode 32 and the second el ectrode 42 of the capacitor. The
processi ng conditions for the etch of |ayer 44 of silane based oxide are

as follow etchant gas applied: chlori@ provided at a flow rate of about

100 to 200.8£6M ¢ &, Has T rf power density of
about 30%9?0 400 watts E\E/)[vl{?%?nofslrr’:glgtne T%c??%‘%)%ln%%p?‘?‘%dth% wRFerdt ehperaodee

of about 50, Eotgg ‘ﬂg £es C mnth an etch tinme of about 30 to 80 seconds.
The |nvent|on n ¢ aqHbroc"éssmg steps that have been highlighted in Figs.
2 through 5, prOV|des the follow ng advantages: - the layer of etch stop
for the creation of an access point to the second el ectrode of the
capacitor is a layer of silicon nitride which assures a high etch

sel ectivity 5%?%e@ﬁp@?ﬁ%lm%y@@nditl@m$|E@n nheretehand theetayeroef sgihane
based oxide that is wused to create access to the second el ectrode of the

capaci t opase¢hexldyerrd0as sfallayere oEhIFOSy¥bi Ppi Sea: C@HPQ§L£@ B¥b084eq
resulting in a high-k dielectric that is being used for th

at a flow rate of about 100 to 200 Sccm, & gas pressure of about

10 mTorr, rf power density of aboﬁt'BOO to 400 Wétts with no

magnetic field applied, a wafer temperature of about 50 to 70

degrees C.,  with an etch time of about 30 to 80 seconds.

The invention, in the processing steps that have been
highlighted in Figs. 2 through 5, provides the following
advantages:

— the layer of etch stop for the creation of an access polnt to
the second electrode of the capacitor is a layer of silicon
nitride which assures a high etch selectivity between this laver
if silicon nitride and the layer of silane based oxide that is
used to create access to the second electrode of the capacito%

- the layer 40 is a layer of TEOS which is a composite oxide,
resulting in a high-k dielectric that is belng used for the

dlelectrlc of the capac1tor resultﬁng in a high capacitive wvalue

for the capacitor

— the invention provides clean sidewalls of the capacitor



i el e ic of the capacitor resulting in a high capacitive value faor
gggggftgrq- t he invegtion provides clean sidewalls of the capath?L 1stﬁgﬂﬂ5
2005 22 - the capacitor of the invention has air gaps underngat S .
second el ectrode of the capacitor, these air gaps tend to re uc$ tﬁ g
current |eakage, and - at no tine during the processing step?_o t ed e
invention can salicided stringers cause shorts between the |{$k ?n Lhe
'second electrode of the capacitor. No salicide stringers are likely

) X ¢ e D ) Ld be
t i s N S\ of . I! wi_ng:. salicide stringers wou
e b The okl collof BMe0 Lk Bl B BESI S o) Bongy Mghers S bndier t he

byt i and nitride is high, there is no

p05Si bi 1115 0f Srosi oot R S3F, &1 B8°dGPPng “SEBSadiEnE ERcheAg ineedice
cleaningedbg gﬂ§geggrtgg& b% ob%erved that the size of air gaph » reg. ,
is very small conpareé Wi €At hE"Si ze of the capacitor area. Therefore,
al though _addi tional TEOS would result in an increased value p;_ wari mact
capaci t ancé, {'fie "ARSufPIRITEDS PRgceiss ingepsipted fhadel Asivgmitficeamard np

[ ci tance.
on the f%gﬁtcg L%esgii%g%rscigise shorts between the first and the second

electrode of the capacitor.

No salicide stringers are likely to be created at this time

in view of the following: salicide stringers would be caused by

the etch of layer 42 if salicide is exposed. Where however the
etch selectivity between oxide and nitride is high, there is no

possibility of exposing the salicide during subsequent etching

and cleaning.

It must further be observed that the size of air gap 46,
Fig. 4, is very small compared with the size of the capacitor
area. Therefore, although additional TEOS would result in an

increased value of capacitance, the amount ©of TEQS that is

deposited has insignificant impact on the final value of the

Capacitance.

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it

is not intended that the invention be limited to those



- Al t.hough the invention has been described and illustrated wth r fﬁ;ﬁﬁ?ﬁ@ﬂS

to specific illustrative enbodi nents thereof, it 1is not intended}t
invention be limted to those 1 3 SEP 2005 23 illustrative enbodi nments.
Those skilled in the art will recognize that variations and nodifications
can be made w t hout departing fron1th§ spirit of the invention. It is
therefore intended to include within tfe invention all such variations and
modi fi cati pnse woi cha f @l | thip_the scope of the appended clains and

equi val ent s thereof . 1 %o%%é 5865 gﬂoﬁﬁa?k?ilﬁga?ﬂe hesary walkerhodgofize
form ng a,saliglded; ysil.icon.to netal capacitor as part of a

sen conduct or dev?géggéoﬁ%?iE?ab%fﬁﬁt§?éﬁscéﬂ;bep@é@ﬁdWhghaut departing
senicondggggrﬁggbstrgte ag a base for the salicided polysilicon to netal
capaci tor, an isoratfoh P gFBR dRVENELENexFHelihavhagebeen pnovhded ep the
surface of ih& substrate, formng a |layer of polysilicon on the surface of
the regi SR8 fVEFalBxFae, Ipuertinnngl Anduehchiangasabds| ayar of
polysilicon, formng a patterned |ayer of polysilicon overlying said |ayer
of f|e|@06kﬁ5§§tlons which fall within the scope of the appended claims

and equivalents thereof.



saliciding the surface of the patterned and etched | ayer of poly ih;seg, 5
formng a first conductor elenent; depositing a |ayer of etch stoa iqm
over the surface of the region of field oxide, including the surface of
the salicided |ayer of polysilicon; depositing a | ayer of dielectric over
the surface of the' |layer of etch stop material; depositing a |ayer of
refractory nmetal over the surface of the |ayer of dielectric; etching said
| ayer of refractory netal, creating a pattern of refractory netal, said
pattern Wiak efs setdiyedmtal aligning with said patterned and etched | ayer
of polysilicon; etching said |ayer of dielectric down to the |layer of etch
st op matkrialnashod sai topatt@raedsl ayeiedfnd t 3. SEP
2005 25 mask, partially exposing the surfacpe o] g%ﬁ%%ﬁ%tﬁ rﬁs?%%%fl%aear?ltor
partial | ysreapviag §aéQni@&ﬁduéEogi@g@f&éjccgﬁégqémgfraﬁgtqugaid pattern

of refractory netal; cleaning the surface of the pattern o r%ﬁr%%tory
metal and thersuidiace ofssaldopartiall ed etch stop |ayer;
depositing a | ayer ofgsilzne basedé%g%d%u§€€$§¥%ea§u?f%%%£d%° sEr Y pattern

of refragtory; gehabofpd; the,surfage of said

capacitor, an isolation region of

field oxide having been provided on the surface of the substrate:
forming a layer of polysilicon on the surface of the region
of field oxide,

patterning and etching said léyer of polysilicon,

forming a patterned layer of polysilicon overlying said layer of

field oxide;

saliciding the surface of the patterned and etched layer of
polysilicon, fprming a first conducfor eiement;

depositing a layer of etch stop material over the surface of
the region of field oxide, including the surface of the salicided
layer of polysilicon;

depositing a layer of dielectric over the surface of the
layer of etch stop material;

depositing a layer of refractory metal over the surface of

the layer of dielectric;

et;hing said layer of refractory metal, creating a pattern

of refractory metal, said pattern of refractory metal aligning
with said patterned and etched layer of polysilicon;

etching said laver of dielectric down to the layer of etch

stop material using said patterned.layéf of refractory metal as a



partially exposed etch stop |ayer, enclosing areas underneath said Qgé%ﬁz 5
of refractory netal fromwhich said |ayer of dielectric has been‘p&r |Ug
renoved; and etching said | ayer of silane based oxide, partially exposing

the surface of said pattern of refractory netal creating a second

conductor elenent, partially exposing the surface of said | ayer of etch

stop material, thereby further enclosi #§ areas underneath said pattern of
refractory netal fromwhich said | ayer of dielectric has been partially

renoved.mask, Thea mesthod, of ¢ ai | 1. wherein said etch stop material
conprises silicon nitﬁfdé?ﬁ%eﬁg%ited %é?é%?ﬁﬂ?ﬁqﬁﬁﬁg(ﬁt thedh 1aut 100

and 500 fngsitd 0y %e#'%ﬁt@g ?l];:a céerai(%&i)vg]lerei n said | ayer of dielectric

conpri ses tetra-ethy 0- S tieP olnele 1 ekire ssa odl
bet ween 00 and- 500 Angstrom J 3 SEP 2005 26 4. The nmethod of claim
1 wherei’n said |ayer of- Fetractory netal conprises titaniumnitride,

deposi ted to g éhickne s of between_ about 300 and 1000 Angstrom 5. The
met hod of claimaL Wherdth S5 PFayRE oe 913 brrtbasfe dr i atet o oo s t SESa S HA
based oxi de, dgposited to a thickness of between about 200 and 500

Angst rony® surface of said partially exposed etch stop layer;

depositing a layer of silane based oxide over the surface of
said pattern of refractory metal and the surface of said

partially exposed etch stop layer, enclosing areas underneath

said pattern of refractory metal from which said layer of

dielectric has been partially removed; and

etching said layer of silane based oxide, partially exposing

the surface of said pattern of :efractorf metal creating a second

conductor element, partially exposing the surface of said layer

of etch stop material, thereby further enclosing areas underneath
sald pattern of refractory metal from which said layer of

dielectric has been partially removed.

2. The method of claim 1 wherein said etch stop material

comprises silicon nitride, deposited to a thickness of between

about 100 and 500 Angstrom.

3. The method of claim 1 wherein said layer of dielectric

comprises tetra-ethyl-ortho-silicate (TEOS), deposited to é

thickness of between about 200 and 500 Angstrom.



6. :The method of claim1 wherein said layer of polysilicon is de ogioéﬁg 2005
usi ng- net hods of LPCVD at a tenperature of between about 500 and 16

degrees C to a thickness between about 2000 and 4000 Angstrom 7. The
met hod of claim1 wherein said |ayer of polysilicon is deposited
intrinsically and doped via inpurity ion inplant of arsenic or
phosphorous, at an energy of about 30 #86 75 KeV and a concentration
bet ween abqut SE%ﬂ_@and 1E16 atoms/cn2. S_ The nmethod of claim1 wherein
sai d sallcidigTHES T £t Bt 1 e taiersafd pol west |6 € ane Conpré SeShetal
depositing a | ayer titaniumover the surface of the isolation region of
field oxGUP e ot § ki nyl ¢ hedsurdames tfed the pati o e angs %&ﬁ@ge{}ayer
of polysilicon, using rf sputter 1 3 SEP 2005 27 procedures, deposited to
a thi ckrifdahetQemabidii0 3081 andod50 Angstrom and anneal i ng t he
deposited layer of titanium formng a thin |ayer of titaniumsilicide
(TiSi2) over the layer of polysilicon, by a rapid thermal anneal in a
tenperature range of between 600 and 700 degrees C. for a tine of between
20 and 49. SEoONES e £ N dbient - 5594 fhe. pethod of claim8 with
the additional step of rerrit)%/?ﬁgﬂ & Saj?d. T4 MR8 208 £n8! B0 oxide

comprises $iHs based oxide, deposited to a thickness of between

about 200 and 500 Angstrom.

6. The method of claim 1 wherein said layer of polysilicon is

deposited using methods of LPCVD at a temperature of between

about 500 and 650 degrees C to a thickness between about 2000 and

4000 Angstrom.

7. The method of claim 1 wherein said layer of polysilicon is

deposited intrinsically and doped via impurity ion implant of
arsenic or phosphorous, at an energy of about 30 to 75 KeV and a

concentration between about 5E14 and 1lE16 atoms/cn@.

8. The method of claim 1 wherein said saliciding the surface of

the layer_of polysilicon comprises:
depositing a layer titanium over the surface of the

isolation region of field oxide region including the surface of

the patterned and etched layer of polysilicon, using rf sputter



T d titaniumsilicide fromthe surface of the field oxide isgql 5
lrjgzgieg(r:]t :nd the sidewalls of the |ayer of patterned and etched pol1y§u§$hc$hg
1:1:1 solution of NH4bH H202-H20 at a tenperature of about 25 degrees C
for a tine of about 30 mnutes. 10. The nmethod of claim1, further
conprising the steps of: connecting said first conductor el e_rrent to

el enents of an integrated circuit in tRé sem conductor devi ce; and 4
connecting said second conductor elenent to elenents of an integrate -
ci rcui t RAPIHEISE compsdittond devixehikknebe ymbhag, afosil@iynd whergip sai
sem conductor substrate has been provided with sem conductor device e
st ruct urfeg sudm;asandyat e el ectrodes and source and drain regions. J 3 S
2005 28 12. The method of claim1 wherein said sem conductor substrate

has been provardesh Mitd e daisbictd ey £&, Sty x’fiﬂﬁf s Cicr@niar;s gate

el ectrodes and source and drain reglons and mu tl?c?degvgofysilicon O

' meedr |d i i t mng_a._s . n

Imr;:E :Ir COcapacli tdoTailstaggﬁ%nﬁo%@aﬂ?édﬁ c(oTEll ulczt)orgvgé:vi %‘8, Leg&pr i RG1wé ldceps

of : prompiy%@pﬁﬁ@wtﬁngé@sﬂate as the base for the

d temperature range of between 600

and 700 degrees C. for a time of between 20 and 40 seconds in a

nitrogen ambient.

-9. The method of claim 8 with the additional step of removing

unreacted titanium silicide from the surface of the field oxide
isolation region and the sidewalls of the layer of patterned and
etched poly using a 1:1:1 solut;on of NquH-HzOz-HzO at a
temperature of about-25 degrees C.

for a time of about 30

minutes.

10. The method of claim 1, further comprising the steps of: -

connecting said first conductor element to elements of an

integrated circuit in the semiconductor device; and

connecting said second conductor element to elements of an

integrated circuit in the semiconductor device.

11. The method of claim 1 wherein said semiconductor substrate

has been provided with semiconductor device structures such as

gate electrodes and source and drain regions.



sal:icided polysilicon to netal capacitor, an isolation region of fégééb 5
oxi de having been provided on the surface of the substrate; forniﬂg a}gp

of polysilicon on the surface of the region of field oxide, patterning and
etching said |layer of polysilicon, formng a patterned |ayer of

pol ysilicon overlying said |ayer of figld oxide having been provided on

the surface of the substrate; saliciding the surface of the patterned and
etched | ayertoé npohysi bEcoNa;foin i conduct or, el enent; depositing

a layer of silicon nitride over Eﬂgﬂgﬁg%gcég% SERECPRGPOACDF SEPEFdas®i de,

i ncl udi ngatheesurasei QEqth aLLci | ayer .of polysilicon; depositing a
| ayer of Tetra- et yI-%rtho-gfﬁi%gﬁgggggﬁggxrogﬁVlFﬁesEEPFaEéeéfSpﬁe leayer

of etch gtep paterial.sdepgsiting a_|lgyer of titaniumnitride over the
surface %f t he §%§§§e8fgﬁ§eF88F?Fc?“% grng 5665009 2BfchiA§isaied leayars of

titaniunkgiﬁﬂkdgc crea%i g.a pattern of titaniumnitride, said pattern of
titaniumnitrrae-8i'i'gh ng NEPth said patterned and etched |ayer of
polysilicon; etching said | ayer of tetra-ethyl--ortho-silicate down to the
| ayer of silicon nitride using said pattern of titaniumnitride as a nmask
partiallX exBosing the surface of said |ayer of ‘

3. method of forming a salicided polysilicon to metal

capacitor as part of a semiconductor device, comprising the steps

of:

rovidi i
o) 1ng a semiconductor substrate as the base for the

salicided polysilicon to metal capacitor, an isolation region of

e . .
field oxide having been provided on the surface of the substrate;
- s,

forming a layer of polysilicon on the surface of the region

of field oxide, pattgrning and etching said layer of polysilicon,

forming a patterned layer of polysilicon overlying said layer of
field oxide having been provided on the surface of the substrate;

saliciding the surface of the patterned and etched layer of

polysilicon, forming a first conductor element;

dgpositing a layer of silicon nitride over the surface af

the region of field oxide, including the surface of the salicided

layer of polysiliceon;
depositing a layer of tetra-ethyl~ortho-silicate {TEOS)

over the surface of the layer of etch stop material:

depositing a layer of titanium nitride over the surface of

the layer of dielectric;



silicon nitride, partially renoving said | ayer of tetra-ethyl- 005
ortho-silicate fromunderneath said pattern of titaniumnitride; 3I3a§ERgz
the surface of the pattern of titaniumnitride and the surface of said
partially exposed |ayer of silicon nitride; depositing a |layer of silane
based oxi de over the surface of said pattern of titaniumnitride and the
surface of said partially exposed | ayers of silicon nitride, encl osing

areas underneath said pattern of titaniumnitride fromwhich said | ayer

of tetra-ethyéconihg-silicaseehassbeep,partially. removed; and etching said
| ayer of silane based oxi de, partiallyaexﬁ%s?%%yl?%é Strfhtd9of BaFgern

pattern of titamiwmpitride, creali econd, . conductor elenment, further
partially exposing the surfacé o? Q%FQE§Ta3 rCOFRRTPRCBRCREERi @élgnhageby

further goppl etif LRg._areas, underneath said pattern of titanium
nitride fron1mhicﬁpgggggﬁgge?ngfe %P?g-g?ﬁ?F-%FtB%l¥F+iéﬁPéihas been

partially rengygginl 3 SEP 2005 30 14. The nethod of claim 13 wherein said
layer of silicon nierPard +8YREpBSi Febreoekhyhireknbessblibetweaowabeyt +420
and 500 ., Angstrom . 15. The nethod of claim 13 wherein said | ayer of
tetra--et®Yf-or hdt$1 FPRaR &t F TEERySiBgdepbsi petteonactht ckagsamoh 1 bet ween
about 200 and 500 Angstrom

as a mask, partially exposing the surface of said layer of

silicon nitride, partially removing said layer of tetra-ethyl-

ortho-silicate from underneath said pattern of titanium nitride;

cleaning the surface of the pattern of titanium nitride and-
the surface of said partially exposed layer of silicon nitride;

depositing a layer of silane based oxide over the surface of
said pattern of titanium nitride and the;sufface of said

partially exposed layer of silicon nitride, enclosing areas

‘underneath said pattern of titanium nitride from which said lavyer

of tetra-ethyl-ortho-silicate has been partially removed:; and

etching said layer of silane based oxide, partieally expdsing

the surface of said pattern of titanium nitride creating a second

conductor element, further partially exposing the surface of gaid

layer of silicon nitride, thereby further completing enclosing
areas underneath said pattern of titanium nitride from which said

layer of tetra—ethyl—ortho—silicate has been partially removed.



. 16.: The nethod of claim 13 wherein said |layer of titaniumnitride ss 005
deposited-to a thickness of between about 300 and 1000 Angstrom L1 SE%J
nmet hod of claim 13 wherein said | ayer of silane based oxide conprises SiH4
based oxi de, deposited to a thickness of between about 200 and 500
Angstrom 18. The nethod of claim 13 ein said |layer of polysiliconis
deposited using nethods of LPCVD at a tenperature of between about 500 and
650 degrfes C to a thickness between about 2000 and 4000 Angstrom 19. The
met hod o4 clRiennStmbeéref necsaid 1 ayere 6i oty sil | i Se ited.. .
intrinsically and doped via inpurity ion inplantlﬁggi gLS gggggé gitﬁ%ggnic
or phosphoraeises ate@nt€ngr gyi @knabe n cqn tration

bet ween about 5E14 and 1E16 atons/cﬁ%f§%?$£%%§n€§%gg gPBCF3|n$§§ wher ei n
sai d sal hgg &t Agnt he surface of the layer of polysilicon conprises:
depositing a layer titaniumover the surface of the isolation region of
field oxide region including the surface of the patterned and etched | ayer
of polysilicon, using rf sputter procedures, deposited to a thickness

bet ween 999U&héogeéﬂgd4§9 cfQQ%tEQ”%hSPgin said layer of tetra~ethyl-
ortho-silicate (TEOS) is deposited to a thickness of between

about 200 and 500 Angstrom.

16. The method of claim 13 wherein said layer of titanium nitride

is deposited to a thickness of between about 300 and 1000

Angstrom.

17. The method of claim 13 wherein sald layer of silane based

oxide comprises SiH¢ based oxide, deposited to a thickness of

between about 200 and 500 Angstrom.

18. The method of claim 13 wherein said layer of polysilicon is

deposited using methods of LPCVD at a temperature "of between |

about 500 and 650 degrees C to a thickness between about 2000 and

4000 Angstrom.

19. The method of claim 13 wherein said layer of polysilicon is

deposited intrinsically and doped via impurity ion implant of



SRR

anneal ing the deposited layer of titanium formng a thin |ayer qf SEP 2005
titaniumsilicide (TiSi 2) over the layer of polysilicon, by a raai&

thermal anneal in a tenperature range of between 600 and 700 degrees C.

for a tinme of between 20.and 40 seconds in a nitrogen anbient. 21. The

met hod of claim20 with the additional step of rempving unreacted titanium
silicide fromthe surface of the field oxide isolation region and the
sidewal I s of the layer of patterned and etched poly using a 1:1:1 solution
of NHAOH H2O2- H20 at a tenperature of about 25 degrees C_for a tine of
about 36 TSt 88, PIOFPEERORE05 a2 arpzneTgy et hatuaf 30l aion7h3 Kefrdrhera
conprising the steps of: connecting said first conductor elenent to

el ement £°8fceayt raititong bettedeni rEwiutt 5T ttheansemmen duciy/ @évi ce; and
connecting said second conductor elenent to elenents of an integrated
circuit in the sem conductor device. 23  The nmethod of claim 13 wherein
sai d sem conductor substrate has been provided wth sem conductor device

Tet hod of el 8l m 13 whor ol n Sard Son mavducter s ober raet e S Dl v i
With serireondyeor deIGe St Wb, Such as |
depositing a layer titanium over the surface of the
isolation region of field oxide region including the surface of
the patterned and etched layer of polysiiicon; using rf sputter
p;ocedures, deposited to a thickness between about 300 and 450
Angstrom; and
annealing the deposited layer of titanium, forming a thin
+ layer of titanium silicide (TiSi2) over the layer of polyéilicon,
by a rapiduthermal anneai in a temperature range of between 600

and 700 degrees C. for a time of between 20 and 40 seconds in a

nitrogen ambient.

21. The method of claim 20 with the additional step of removing

unreacted titanium silicide from the surface of the field oxiée
isolation region and the sidewalls of the layer of patterned and
etched poly using a 1:1:1 solution of NH4OH-H20:-H.0 at a
temperature of about 25 degrees C. for a time of about 30

minutes.



R

gat.e el ectrodes and source and drain regions and nultiple |evels

0
i nt erconnect |ines. 1 % SEP 2005

32
22. The method of claim 13, further comprising the steps of:
connecting said first conductor element to elements of an
integrated circuit in the semiconductor device; and

connecting said second conductor element to elements of an

integrated circuit in the semiconductor device.

23. The method of claim 13 wherein said semiconductor substrate
has been provided with semiconductor device structures such as

gate electrodes and source and drain regions.

24. The method of claim 13 wherein said semicenductor substrate
has been provided with semiconductor device structures such as

gate electrodes and source and drain regions and multiple levels

of interconnect lines.



