| System and Method for Contact Mdul e Processing
TECHNI CAL FI'ELD The present invention rel ates
generally to a system and met hod for -manufacturing
.integrated circuits, and nore particularly to a system
and nmethod for inproving the process performance of a
contact nodul e. BAGKGROUND After the fabrication of
devices in an integrated circuit has been
acconplished, it becomes necessary to fabricate
i nt er conSestenpand Methesh foh€otactcModule #roeessing
produce a functioning integrated circuit. In a nodem
fabrication process, optical |ithography techni ques
can be used in the creation of electrical contacts to
TECHMNECADRIEEDdr ai n and gate term nals of the devices.
The contacts need to pass through dielectric |ayers

t hat T préentisedtibe radassSdeerhly &kystemGinad htHodFor manufacturing
devi ces. However, the materials used in the dielectric

integr@YPERuRS And bR &irtﬁd‘uﬁirﬁ% a 5Rkdn®ald Mbthyd P 'irgll%(’ﬁ’% E% process

dependi ng upon their thickness and the wavel eng

perf&ﬁgnéeioggtcoﬁtﬁﬁ‘i‘nddﬂlet he optical |ithography process. In
- order to maxi mze the accuracy of the lithography

process, it is desired to mnimze any variations in

the reflectivity of the dielectric layer. Variations
BACKGROENDef | ectivity of the dielectric material can

result in inconsistent behavior in the light used in

t he |Afidraigr fapdioatiop oDdeeiss infHniistegraed oRtt e bediedvasthlished, it

can reduce precision wi.th which the contacts can be

becofildé neckRAAUE fabrioge ditat@mbttdons baween thSdbGeestid6rder to produce a
- reflectivity of the dielectric layer is a function of
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wavel ength of the light (which i's fixed fora

can RSB8P g IERHASo 5 ARSI ] gt
devices. The contacts need to pass through dielectric layers that can be used to passivate and

isolate the devices.

However, the materials used in the dielectric layers can have different reflectivity
properties depending upon their thickness and the wavélength of the light used in the optical
lithography process. In order to maximize the accuracy ;)f the lithography process, it is desired to
mir_limize any variatiohs in the reflectivity of the dielectric layer. Variations in the reflectivity of
the dielectric material cah result in inconsistent behavior in the light used in the lithography
process. This inconsistent behavior can reduce precision with which the contacts can be cut

through the dielectric layer. Since the reflectivity of the dielectric layer is a function of the

thickness of the dielectric layer and the wavelength of the light (which is fixed fora given -

process), it is desired to make as constant as possible, the thickness of the dielectric layer.




_1_ One commonly used technique to mnimze variations
in the thickness of the dielectric. layer is-the:use
hi gh-density plasma, chem cal vapor deposition
(HDP-CVD) to deposit a dielectric layer and then
pl anarize the dielectric layer with a
chem cal - nechani cal” polisher (CWP). The
chem cal - mechani cal polisher uses chem cal (solvents)
and physical (polishing nedia and surfaces)

t echnOogiesnthentp hsedasdhrguée toamtlinglze edriationd iayler thickness of the
Typically, a slurry (containing both chem cal and

dielegiti¢dayeals thohde HidhndensiBOb1a8ma, Sheadiidl v shr depaRitioa (BDPAND) to deposit
then a polishing surface (usually a polishing whee
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he wafer int process. One dlsadvantage of the
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rocess can be expensive due to the chem cal  and
(usuaihwd?%lalpmg whedd o by carslamsed togrokish the Meaferplangsizing shogwafer in the
wel | as the additional cleaning steps that are needed
procgss. cl eanse the wafers after they undergo CMP. A second
di sadvant age of the prior art is that HDP-CVD i s not

an effec I
devi C(élge 1%ar(11$ar}tz}gd lkh%lia%o%' a th v{hl;] g 5 apgaﬁ]b tf\f tlve Qlﬁnarlze the
Vi ces rev the | ectrical Jsolatiaon.of
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integrated circuit. Another di sadvantage of .the priaor
of the dielepuicylper. Fupthermoe, e gap bevéﬁre%\wr}a@% iy the Fhlcka%ﬁsfaﬁ the
~to-the devices due to electrical charge and ]
dielegirie dayey basvean difforent walephtAdditéanalin ﬂ! DrocEsTan he geressive due to
. The use of HDP-CVD can al so cause a loss in the
the chémicilread physical teehmques astd te pleharize dp Walymsas (eSS the additional
reduction in the thickness of the CESL can resultin
clearipestépl alit hictngeddd tb blearfsEfle waters after they undergo CMP.

. A second disadvantage of the prior art is that HDP-CVD is not an effective technique

for ﬁllihg gaps between devices. The inability to fill the gaps between the devices can prevent

the electrical isolation of the devices. This can result in an improperly working integrated circuit.

Another disadvantage of the prior art is that the use of HDP-CVD can result in

damage to the devices due to electrical charge and ultra-violet (UV) light used in the HDP-CVD .

process. The use of HDP-CVD can also cause a loss in the thickness of the contact etch stop '

~layer (CESL). A reduction in the thickness of the CEST. car result i the inability of the CESLto~

stop chemical etch from damaging the devices, due to inadequate thickness.

.



stop chem cal etch from damagi ng the devices, due to
i nadequat e thickness. -2 Yet another. di.sadvantage of . -
the prior art is that the conpression of -the ° ‘
dielectric layer can result in the relaxation aof the
strained effect, thereby negating any gains in the
driving current performance seen in the use of
strained technol ogy. A further disadvantage of the
prior art is that thickness neasurenents have to be
made Yeahothefdisadvatage af the privhat issimt dfe colnpre@fh giitbedisisctric
to ensure that the desired thickness of the
layerciag kegalt ini the telys@tion of thastriimidetfict, thedeby hepating £5Wains @f the driving
the inability to precisely control the anount of
currciit frRehiice sEantif iicalse bENIRURE t¢iHhdipg,. t he CVP process.
For exanple, the anount of material renoved in the
CWP praocess_can depend upon the condition of the
pol i hitwtrendisadvantngecaf therpsior g iy fithighknerempasyrements have to be
abr asi veness can decrease with use. 3 SUMVARY OF THE :
madd hEbefprennd pfi¢r thihess of the NP processitotisureghaithe dgsinaithickness of the
sol ved or circunvented, and technical advantages are
dielegein dayed s ynadtdined &His ibyrepuledfthe madbiditylro grovivalysonttol theeamount of
present invention which provides a system and net hod

dielebt€it niafBPiaDémdged ARG HIRCEMI® ppeJet FoRaRpRS thd ameit 3€ fnaterial
nodul e. I n accordance with a preferred enbodi ment of

: {opd [ [ i ] .
e P o P Bl e, of (R RASHE ihecl s the
s oy i ' ises a field effect
pdw%@%x@%%k%@ﬁ%%ﬁ%%gg%ﬁ%g%gﬁgg ra?é, is provided. The MD
conprises a first thickness of the MD covering the
FET and a second thickness of the MD over the first
t hi ckness of the M D, wherein a thickness ratio of the
first thickness of the MD to the second .




' sU

t hi ckness of the M D ranges from about 0.06 to about
0.90 and the M D further conprises a thitd - thickness
and a fourth thickness. In accordance with anot her
preferred enbodi nent of the present invention, a
mul tilayer interlayer dielectric (MD) for a
sem conduct or device, wherein the sem conduct or
device conprises a field effect transistor (FET) and a
substrate, is provided. The M D conprises a nitrogen
contai ning | ayer over the FET and at |east one
'OEJETE%H% i er, wherein a |~ thickness ratio
of a thickness of the oxygen-containing {ayer to a
t hi ckhksss amf oth¢rerotilemobaye genecallyt salveil ngcitcaynwented age®chnical
fromabout 1.1 to about 1.5 and the M D contains at
advanegsd aré gererdligyeliisved) by prefened ambedimehtd oBAO bREINt invention which
preferred enbodi nent of the present invention, a
proviti Beghtent 8d hahéd fRihptoving SRPreQBIMEfoRhaRe ¥F £ Sontstt module,
provided. The method conprises formng a field effect
tranS| stor (FET)_ device on a sem conductor substrate
f ol | olResdcasgance pith g grreferrqd-embodiment gbthe agesent inyeurtion; pmultilayer
sem conduct or substrate, formng a first oxide |ayer
intertpyerr dielpesrig (MB3) for Senu@nﬂagtetrdevmadwhetelﬁ tresemipoadist dexdce
oxi de | ayer over the first oxide |l ayer. The nethod
compriges A &eld offag tiapsstor@RF) tndwgsubstratl)iicproersd. flas MIDtddinpeses a first
oxi de layer and formng the third oxide |layer over the

thicknes @i theOIHeovefiyEthe FAT aad ¥ 38doad ehiékiness dTHRIMIY 6¢br the first
enbodi ment of the present invention is that a nore

thickaBdsfof HONULARAeichAS hkn&k r&ﬁ%ﬁh&eﬁﬁ%fckﬁesk ikt to the second
possi bl e than when CWP i s used, on a single

thickeds o t@%ﬁ%ﬁ%&%{)ﬂ 53‘09{ 606 tov\ﬁfoﬁ{ @ 90 J}llf %&%e‘i* gorﬁ;gl%es a third

greater and precision o proces

thwl&%‘é%éfgﬂ} 'rtﬂthlgkn resent | nvent| on. A furt her advant age

a prererre Stbodi nent of the present invention is
that gaps between devices can be filled nore
ef f ecﬁllavmdanbmnh wdtier ipkPerfdR2mbbdBndaebf thE p@sdnt foivedtion, a
results in
multilayer interlayer dielectric (MID) for a semiconductor device, wherein the semiconductor

device comprises a field effect transistor (FET) and a substrate, is provided, The MID comprises‘

a nitrogen containing layer over the FET and at least one oxygen-containing layer, wherein a

- thickness ratio of a thickness of the oxygen-containing layer to a thickness of the nitrogen -

containing layer ranges from about 1.1 to about 1.5 and the MID contains at least four layers.

In accordance with another preferred embodiment of the present invention, a method

. for fabricating a semiconductor device is provided. The method comprises forming a field effect

~ transistor (FET) device on a semiconductor substrate followed by forming a first nitride layer
S [ [ e et e e et e B el e e e £ i e

- over the semiconductor substrate, forming a first oxide layer over the first nitride layer, and




better isolation of devices. Yet another advantage of
a preferred enbodi nent of the present invention i.s -
that the inproved driving current perfornmance -
achi eved through the use of strained technol ogy IS
mai nt ai ned. Anot her advantage of a preferred '
enbodi nent of the present invention is that there is
no reduction in the thickness of the CESL. Wth the
CESL unaffected by the gap-fill process, the chance
fornuifig o sevagkoxidclayerioner thofitshexidelayaethdettbod funther@eBiprises computing
during etching is greatly reduced. Thereby, the yield
a thichiesdfor b ttdrdexédedayeAandideininigainethird dxide 1a3geovef tha second oxide layer.
preferred enbodi nent of the present invention is that

a thickness measur er the fabrlcatlon of the
di el eé‘PraH‘éa“Fagﬁé ap@?%g H\%@é‘meﬂ%@é’éf‘s%{ﬁ?m Hpgation 1s that a more
el'imination of the thickness neasurenent can result in
unifgrmpplagarizagiancfithe digjeattie teyen if pemsible than Ween CMR is preddwdson a single
and a reduction in the fabrication costs. The
wafdrané gopssglifficaent owafdrs. b is dedierthdgroatel predi¢tabifityand pesismn of the
techni cal advantages of the present invention in
processdeinvblivead inttieeprekehinbentiodescri pti on of the invention
that follows my be -5 better understood. Additiona
featu$§§ nd advant nvention w | |

es.of .th
o 1 arher ARG oL L (aried AP MPRTh U Rap st imytion s that gaps

claims of the_invention. It should be appreciated by
betwiep devicer oan Redfilled maye eipatively hanywith HBRCEYI. e betier gap Till results in

speci fic enbodi nents di scl osed may be readily
bettayigolatien @f dgyicgs-basi s for nodi fyi ng or desi gni ng ot her
structures or processes for carrying out the sane

purp o?@t‘:fmg H;ﬂ%gugg%k ltprﬁg@ff?cpe%r% eoragrrnltn‘i ﬁ!!ﬂ? Hl'egen hn%/%ntpo% is that the

realize
. al.ent constructi on art fromt
imp i B RO iR %Veg R Bt S‘i‘ﬂ““t“ﬂt HiBlogy s
Bg(pded cl ai nms.
maint
Another advantage of a preferred embodiment of the present invention is that there is -

no reduction in the thickness of the CESL. With the CESL unaffected by the gap-fill process, the

chance of damage occurring to the devices below the CESL during etching is greatly reduced.

Thereby, the y.ield can be increased.

An additional advantage of a preferred embodiment of the present invention is that a_
thickness measurement after the fabrication of the dielectric layer is no longer necessary. The
elimination of the thickness measurement can result in a more rapid integrated circuit fabrication

process and a reduction in the fabrication costs. , |

The foregoing has outlined rather broadly the features and technical advantages of

the present invention in order that the detailed description of the invention that follows may be

-5-



-6 BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore
conpl ete understandi ng of the present I'nvention, ::and .
the advantages thereof, reference i s now made to the
foll owi ng descriptions taken in conjunction-wth the
acconpanyi ng drawings, in which: Figure 1 is a data
pl ot of the inpact of variations in the thickness of a
contact stop etch layer and an interlayer dielectric
_ | ayer on the optical reflectivity of the |ayers; :
betteFugdersio®l. Additiohd! deatwieoapdadvantages pftho mventtonpyill be descfibed
pl anarizing an interlayer dielectric |layer; Figures
hereaftarwhi@bfoan ¢hediubjgtafsheadaime 06 the frd@hticd) &lshotil€bs agphectated by
substrate with an interlayer dielectric |ayer, shown

 thosPHi@isang tHeQ®t thiltR\@nteptibh @R $p3EiRE eb&diREhi9 Hisdlbbed may be readily
: pl anari zation process shown in Figure 2; Figure 1

utllu,%d das Basﬁg ok m%ﬁlfjnﬂé @f&e@ﬁéﬁf é@ﬂﬁk &6l Ar?y Sbsskdof Kﬁ?y?t?gecﬁlt the

for a nunb er of* Wafers using the prio

samf?;}ugé\;@ég pke a e?[ %gﬁi%nsl@ (l)dr zﬁsq 5egrg£1f32egb% ﬁlogeugk?lle% ﬂl theQrt that

process anari zi

yer di electrl 0 hel p.mnim.ze
sueh ;P4 s s Sy mpfcp B Fop hF i s o ﬁsgﬁ?vea?oq et forth
) resent, .invention; Figures 6a through 6e are diagrans
mjh%ﬂ*@?%§§3§%%1lonal views of a substrate show ng
vari ous steps in the formation of an interlayer
dielectric layer with mnimzed surface vari ations,
according to a preferred enbodi nent of the present
invention; and Figure 7 is a flow diagramof a process
for fabrlcatlng a sem conductor device with n1n|n1zed
surface variations, according to a preferred
enbodi nent of the present invention.

.
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7 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE ENBODINENTS The
meki ng and using of the presently preferred .
enbodi nents are discussed in detail below It should
be appreci ated, however, that the present inventi.on
provi des many applicable inventive concepts that can
be enbodied in a wde variety of specific contexts.
The specific enbodi ments discussed are nerely
illustrative of specific ways to nake and use the
i nvention, and do not limt the scope of the
BRIEH\I&&GIHHTIQTHQFpTIéE@&AWH\V@ﬁt ion will be described
with respect to preferred enbodinments in a specific
cont e¥or, a marsdoynplenenrfdatstandiag iod the pfesent hiorhiat, ambiie hévahtages
an integrated circuit, wherein there is a desire to

therbE)XdefBrétRe B rMedhadeab hl@foﬂ(ﬁwﬁg degeti ﬁl‘idnrs itdkeh ﬁyﬁfnjunﬂ'\:ﬁl with the
invention may also be applied, however, t he

accd‘n%ﬁylﬁgﬁf%ggfmq&ma{ | ayers in an integr at ed circuit

whereih there i's a desire to mininize variations in
the thickness of the |layers. Wth reference now to
Fi gur Bigure } ts@rdataiplotof yirimpacd af warjations in theybickness plp contact stop
i mpact of variations in the thickness of a contact
etchdéyepamet aphintedyear dieleeSic)layendn tre optitad rdfyi@vitydif dheclayers; c
(ILD) layer on the optical reflectivity of the

| ayer s. di scussed previ qusl t he.opti cal. .

o | oBiEnR % § 23 vcaesi oF ¥ RS AT RiofeT o7 Bt ng i nfespr

can be dependent upon the wavel ength of the Iight
dielggfiiclgysised and the thi ckness of the particular |ayer

as well as the material itself. However, the presence

of a Figawenha RENaALD dhal Fll%gﬁ%&' Efo%"ée@ﬁoﬂaﬁ%@%s 68 suBkBRe WRY &n

an effect upon the op reflectivity. Furthernore,

inte{lJ r(‘ht % op dgfl &rl;?erf: é@ct}’%?({st ?%r%hﬁ&hﬁﬂléglrl?ﬂldrm}?a&mnzatmn

nple, in an integrated circuit, a
pﬂme%%@%ﬁ%?ﬁﬁgmggped silicon glass (PSG |ayer can be

fabricated over a CESL | ayer for use as an interlayer

di el eBigniect is aylata. plotbeint@yérctidiedttd lapg tthivideysed fortah@mBEGf
| ayer is crucial since portions of the PSG |ayer wl |

wafd@Susi®Y Bflod 43 planarization process shown in Figure 2;

Figure § is a flow diagram of a process for planarizing an interlayer dielectric layer
to help minimize surface variations, according to a preferred embodiment of the present
invention;

Figures 6a through 6e are diagrams of cross sectional views of a substrate showing

various steps in the formation of an interlayer dielectric layer with minimized surface variations, -

according to a preferred embodiment of the present invention; and

R L

Flgure 7 isa ﬂow dlagram of a process for fabncatmg a sermconductor devxce w1th

minimized surface variations, dccording toa preferred embodiment of the present invention.




order to create electrical contacts for use in

i nterconnecting devices fabricated in the |ntegrated

circuit. However, if there are variations inthe

" thickness of the PSG |ayer as well as the CESL 8-

| ayer, the reflectivity of the PSG | ayer can vary,

whi ch can lead to inaccuracies in the placenent,

si zing, depth, and so forth of the portions of the PSG

| ayer that is to' be renoved for the formation of the

contacts and possibly | eading to mal forned,
DETALEDAMS GHPHEIN &Fd Lo STRTIBEHNMBOPIMERd Sel ect ri cal

contacts. The data plot shown in Figure | shows three

cur vethe hhktisg anaitusing of bie presthtbcprefeired embodime®Sise ldiay@sed in detail

as a function of thickness of the PSG | ayer, wherein

belo®ak Bhawld sJ@FE&ra%a weveﬁ that fhe fpﬁf@s@ﬁtt@veau@ﬂ pro@a&hany applicable
t hi ckness of a CESL | ayer. st curve 105

inveRtRRIBIEPLsThaA cl B dib RIS 'i;\fr’dlé"vante@%f Sheetfid c%nt%gts "Me specific

(nano-neters) in thickness, a second curve
emb§cﬁﬁ[e§t§] gfgé&sé;anagé @E%H sﬁgﬁ% gf é%f%&r epfgg? 41(% aﬁé’uJe'tﬁ@ IhUenuon
d% 3? eIy Wherer;tp1 the CESL is 40 nmin thi ckness
and Q9 nOL PP g jOPY RYIREVFHYY of the PSG I ayer is

dependent upon the thickness of the PSG | ayer.

Howe VEHe, présast iffdndol vl bSdeavbed Rvifhi rgdpeer td pRlidd cfobadiments in a
t he thlckness of the CESL |ayer can have a

specﬁ'icg:ﬁhtt:ktcﬁ’d?ﬁelj'fﬁ@%ch‘tﬁ%ﬁlrbfta%n{a@tfﬁﬁd&ié M'ahYnt atEch&rdD §C%v§e?em
. For exanple, let the thickness of | ayer

thereh? aﬁQsQre’%b (ARERLS ;%i%zaﬁoﬁ%? atdne(Fec Fijlllge? O’E%I %\?/’ﬁqﬁgn {nﬁ)gal?%

|'ayer can vary hroglapprOX|nate
: 015,
o A A e R SR 0

the reflectjvjt PSG | ayer (the interlayer
desirg e erase i LM STHeIO ae bot bt ho
function of the thickness of the PSG | ayer and the

t hi ckwih sefeifendeiRWAEBigurd 1, th&ra i 6w b ldhia GWt illdsRatREthEMBact of
the desired accuracy when usi ng photo |ithography to .

variaﬁf)ﬁsaih?hétﬁﬁlmégpgf‘d Qffact %;L&ah 2 E? artdani #lé}{%ﬁgﬁllgg%c (ILD)

el ectrical contacts. Ivity o
layeIJ difid optical reflectivity of the layers. As discussed previousty, the optical reflectivity of a

material used in a particular layer can be dependent upon the wavelength of the light being used
and tii& thickness of the particular layer as well as the material itself. However, the presence of a
.layer beneath the parﬁcular layer can also have an effect upon the optical reflectivity.
Furthermore, the thickness of the layer can also have an impact upon the optical rcﬂegtivity of
the particular layer. For example, in an integrated circuit, 2 phosphorous-doped silicon glass

(PSG) layer can be fabricated over a CESL Iayer for use as an interlayer dielectric layer. The
B

_--__optlcal reﬂect1v1ty of the PSG layer is crucial since portlons of the PSG 1ayer will be removed in

order to create electrical contasts for use in interconnecting devices fabricated in the integrated

circuit, However, if there are variations in the thickness of the PSG layer as well as the CESL

-8




wi dely varying, it can become inpossible to.predict
t he behavior of the |ight beans used in- photo -
| i t hography, therefore, itmay-not-be ableto preoisely
pl ace_t he. |l ocati on-of the openings (or other physical
characteristics such assize and depth) in the PSG
| ayer. The desire is then to planarize the PSG | ayer
as uniformy as possible to minimze variations in the
t hi cknesses of the -9 layer. It is possible to

layenithg reflzaivithiof thedS& lyar cart vapsvidyh caaxdeadita inacpusagiels &c the placement
uniformty in the two layers. Note that the

sizii}, 8€pils 3ind Bo forthwif decbokiemns bNthe PSEsieser that ishebdeflovédivr the

- etch stop layer) and PSG (a dielectric |layer) |ayer.

forniAM0B b ihe chithdts STIGALIN Mad@ t6 ARKbAMRImARuclifihg, '&ﬂdlbpﬁnproperly
scope of the present invention to t hese two | ayers

placg'j}geghgglégﬁbap can be extended to nore than two Iayers
hout changing-the spirit of the present invention.
Wth reference nowto Figure 2, there is shown a flow
di agr @he {4tk plot shawinng Fguper 1 ghowa three prrocsalustr2@y thereflectivity of a
pl anari zation of the PSG |layer to help mnimze
PSGalaydr as e fivmtibmbdf thicknesT ofthp PRGds=r, vaRfkirceuch bfthy teek dudves
pl ace and pl-anarize the PSG | ayer (used as an

représehte kld@¥@ent diiGhR & I CHIAYIAYor. A\RE culiB DS RPrebsidd & SRkBsh wherein
on a substrate. The process 200 can begin after the

the GEYI 29 MAMBNRERErD ﬁpﬂﬁ&ﬁés@da QRoddRrRURH L @?@ngllatlon wherem

prior to the fabrlcatlon of 1 nterconnecti

B the dg%ﬁ,e{s(ﬁ) 1n%fcﬁﬁes%}%§{a ﬁﬁl}ﬁl c%l?v% dlgg\écg]r%sglgg a sf;ﬁgh{)?i %grgmotﬂe CESL is

dov substrate Cﬁn ngr

' 05). Th

0§l Gt Bt e Rleel B fﬁ*e%ﬁifﬂwrﬁf dgRt5h i Helknes of
[ On CESL

o B B0 Ty cos.

using PSG or_ alternatively, undoped-silicon

layey m@aye a pigniflegt smpastupamtae reflectivityiod thedSE asmeglc Eorzem!pple let the
The deposition of the interlayer dielectric |ayer can

thicknessfdlee R yetriedt0 Ad@ngittopshitkanithe rehestivitnbf tha P56 layer can vary
deposition (HDP-CVD) techni ques. The HDP-CVD techni que

fron( appebxirhinely KEGAS(what the CESEAH 20 puakicidea 0i00H échenrthd GESL is 30 nm
di scussion) is considered to be well

thick) to 0.005 (when the CESL is 40 nm thick).

/ T‘) ‘ When the reﬂectivity of the PSG layer (the inferlayer dielectric layer) can vary
| w1dely as both the function of the thickness of the PSG layer and the thickness of the CESL, it
can be difficult to achieve the desu'ed accuracy when using photo lithography to create the
openings in the PSG layer to fabricate electrical contacts. With the reflectivity of the PSG layer

widely varying, it can become impossible to predict the behavior of the light beams used in

-..—————photo Jithography, therefore, it may not be able to precisely place the location of the openings (or ..

other physical characteristics such as size and depth) in the PSG layer. The desire is then to

planarize the PSG layer as uniformly as possible to minimize variations in the thicknesses of the

-9-




under st ood by persons of ordinary skill in the art of

t.he present invention and will not be discussed

herein. The deposition of the interlayer dieleéctric

| ayer can occur in tw steps. In a first step, ‘

t hegoal _of the.depositionof_the interlayer_dielectric

layer . is to-fill in any-existing gaps between

devi ces. Since the devices are three di nensional,

val | eys (gaps) can be present between closely spaced
layerd év$ pessiblerie mimindzeghickesse varalipes by rogamizingauefadd dniifednity in the two

el ectrical charge can readily travel from. 10 one
layerdeNote ¢hat the disotssien prodidedrherpirpRoctiay on the €1ESL (h edh ktop dyer) and

first step, a second step can result in the

PSGdepieRitric¢ayed)flayen HowWevtd, eieshotideloesd ¢dnintea e llm‘iﬁdghh@scope of the
certain thickness, for exanple, nine-thousand A

presédt ifEntioAQo ﬂﬁ§cec5v|031¥§%'is Ghe iRGskibh carPbtekidAas tla(?ﬁ(ﬂ'e than two layers
fabricated (bl ock 210), the thickness of the

n be neasured (bl ock
w“hg¥%§%@?¥ﬁ ﬁm@éﬁﬁ%ré§§§?¥%%g8ﬁeasure the thickness of
the interlayer dielectric |ayer deposited previously
due tV¥ith referemieaimte Figupe Bdhae rshofn a flow diigPanCilstrating a prior art
process. It may not be possible to adequately predict

procésh 200 fur plenerivatiaf oftthePSGyer foiey mikirsize Sirfdce vhrdlions. The process |

sinmply through the amount of time spent in the

200 G DE Hkdd 16 Plabd 895 nariOthe PRGAGFH @se@m{ﬁ%f[@# dﬁfecﬁfﬁayer) over
interlayer dielectric layer is necessary

devided M)%B&&?m{’i ,ﬁ,&% %g%‘é&r 08ical ﬁegﬁr[ Affer 'm%y cég%a@@s@e%d

to determ ne how nuc eln ayer I ectrlc

fabn&a@%’cﬁ( tﬂg Sﬂ) g&epr v(\ﬁ H)D%g?ab\f cgtlo efnﬂtgr onnrérgt? T@ﬁt@f layer(s)). After
the d'sﬁ%ﬁ%rh's?é/ beew% R orlb%F ﬁg%ﬁra l%hﬁgﬁﬁ@ﬁ%@aﬂwﬂ h?frﬁ@eﬁ%@wes
olockBgFl yhe G5E thrﬁs%qa?%ner%qeﬁt'gﬁeo e fom e ptcline gl esh in

polishing nedia, can be a E@Ied to the interlayer
subsqgent dehriction stapeOnge @het%ﬂf srheethdapositad, poinfesiagar dielectric layer

typically a polishing wheel or belt, .nmechanically
(typigadlly iusing S Glve alternaivielyy wadogedbibiodr glass I(HSG}) is Tapositebernto the

of polishing can be dependent
substrate (block 210). The deposition of the interlayer dielectric layer can be made using high-
density plasma chemlcal vapor deposition (HDP-CVD) techniques. The HDP-CVD technique |
(and other fabrication techniques mentioned in this discussion) is considered to be well

understood by persons of ordinary skill in the art of the present invention and will not be

discussed herein.

The deposition of the interlayer dielectric layer can occur in two steps. In a first step,

—the.goal.of the deposition of the interlayer dielectric layer. is.,to‘ﬁll,,in,anyexisting.;gaps.bet\veen e

devices. Since the devices are three dimensional, valleys (gaps) can be present between closely

spaced devices and unless these valleys (gaps) are filled, electrical charge can readily travel from
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upon the reactiveness and abrasiveness of the
polishing slurry, the abrasiveness of the nechanlca
pol i sher, the amount of force applied by the :: -
mechani cal polisher, the operating speed of the
mechani cal polisher, the anount of tine spent
pol i shing, the wear on the nechanical polisher, and
so forth. Since there are many factors that can
contribute to the effectiveness of the CM process,

one devieedv anaba. Aftecgpshave beenofillqdAPQ)e firstystdpea seeerdidest @n result in the
achi eve accurate results. The APC may invol ve

dep@itivu ofibe intériyargliclentic e with 4 betaldMRicRhia3s, doiSexampehihe-#fusand A.
control over the polishing slurry and neasurenents of

Afick BR il Slen@isRc@it 14y8LhdsBe&T faB@iedbRLRS10)i the HAKRESs of the
Additionally, the APC can. take into account the

mtex"i'a‘}?@f“'(!léle&flc id {E@ca‘h %@heﬁﬂﬁed@%ﬁ '1556‘% cRPbd RAEGa it ﬁleasure the
polishing - wheel or as been 1n use“since It
I-
thlc%%fc’sl (Jsf ﬁi’lfénla{eﬁgfeggir%gecg gggﬁggﬁ’%f‘g%ed&;m‘%@ dAJségS Bhrc]: t}glrﬁqve 1mgraer<]:1s10n of
[ rtant because the. f ec ess ,0 0
the 1?‘2%55@%8%638 FRe Pahmtee g | ym@cﬂ@e Aot he
her a wel | as t he frequenc reuse, of the
inter F‘Ii ﬂF‘ﬁch B 5P Y@Q%W% RIPWYE Of tiwe gpent pghodepositipn prggess, so
be relatively difficult to accurately predict the
an agtpel eesusement of theintpdayandieledtat layhris neressaieen r enoved
fromthe interlayer dielectric |ayer. Therefore,
after ' r
to o n’é“éﬁgg&‘}% OERE ERa1Y R e o 1 hedTBY o MR RO G nloch of
225 L. n .addi

the i flefunie T ndeh R T A G i ciffrisel el ishif e,
. h he thi . )
o B AL U D i, o0

the variation in the interlayer dlelectrlc | ayer
uses Rpthehemisal andmagchaneal megpsde E%lﬁhltbe ingeylayer Id&?iecﬂt‘?elﬁ)’ef A polishing
pl anari zed, the fabrication of the integrate circuit
Slunﬁmsawmwpmgmgcbo&c@m@i sodvents/znd gokshingeetlip cavboappliyd to the
di sadvant ages of the process 200 may i ncl ude:
intertdyeralieleddc layer and then a mechanical polisher, typically a polishing wheel or belt,

mechanically polishes the interlayer dielectric layer. The amount of polishing can be dependent

upon the reactiveness and abrasiveness of the polishing slurry, the abrasiveness of the

‘mechanical polisher, the amount of force applied by the mechanical polisher, the operating speed

of the mechanical polisher, the amount of time spent polishing, the wear on the mechanical
polisher, and so forth. Since there are many factors that can contribute to the effectiveness of the

CMP process, an advanced process control (APC) may be needed to achieve accurate results.

__The APC may involve accurate timing controls of the CMP process as well as control over the

polishing sturry and measurements of the thickness of the interlayer dielectric layer. Additionally,

the APC can take into account,. the amount of time that the mechanical polisher (the polishing
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variation can still be significant after CWP

pl anari zation (wWith a non-uniformty of - approximtely

10 percent), the gap fill perfornmance of the HDP-CVD

process is not very good, H charge danmage and .

ultra-viol et damage can occur to the CESL due to the

HDP- CVD process, the HDP-CVD process can result in a

reduction of the thickness of the CESL, the CW

process can be expensive due to expensive materials
wheeharcheftyhdsi bebreinprse siessit stelast, replheed) the ks of tifhe tHaethe polishing

interlayer dielectric |ayer has to.be neasured both

slurrefs Geen iange, ahd & o, MAisCMPbp IrpRRESE! HebmRé tRlefe@ivenddt af the polish
- good perfornance and the conpression of the

can dé}BHn@ loh AL BHdak b tHedYRhari @ pbIRAY ds viell a5 BR frequency of reuse
rel axatlon of the strained effect-which was

ofﬂw HRas Slua@pp! i edt o-the substrate-to obtain better-

Ivin cu rent performance. 12 Wth reference nowto -

Flgures 3a and 3b, there are shown di agrans
il 1 uStvermwiith ghearse gfthe @€, iteambe welatively diffieulsielasturately predlct the
contalnlng a fabricated device with an interlayer

amoudli & di¢ledttic mh@yisirthat\hhs bden ramekd fonpthe indithygratidlectric layer.
pl anarization, wherein a prior art planarization

There%r@cﬁﬁﬁthem ArReds T810clPZ 0. §6May BOnddbSRlyaY 8ficel adailiintHd§ife the
2, 1s used to mnimze variations in the thickness of

thlckllifllg?O%tﬂE Rl BYE didb&lien fvér (Blolz]@Y n aH&iﬂﬁl‘?tos&nﬂxhé‘&E Elﬁél&%ss of

strate 305 cont al ni ng a r i cated device
the mtte(%la? rﬁgéégﬁcra% g%g}l% H%E&ng ??n]!’eln aﬁ%&h%g&g \é|s§ & “ﬁ{?lrg){peg ﬁg‘atl%ns it may

term. na 315 th a Sili
slso be o insogmuus o raus e nesBiet ik c?racalg-‘rfrr- A letoyer
ni.tride region 330, can be use tog effectively contro
dieleqinie layerdiag gFem Riangrized, %ﬁrélafgﬁa%@r dagrintegraiePiguit cay confighg to
to as an isolation area. A contact etch stop |ayer
completiPsl) 335, applied over the fabricated device, can be
used to prevent the propagation of an etch from

danagisrlﬂsch& d 2 1ogﬁ%t<i§%ﬁ%hd§%§%f tﬁ@d% gésg Eb@%ﬁ{/ mclud?1 thickness

dlelectrlc sited o
vanatlon an %8 ﬁ %9 mgl%Yican% afteArECﬁp p?an%jr%hgn (WIH1 & norrrlgudnei‘forrmty of

approximately 10 percent), the gap fill performance of the HDP-CVD process is not very good,
charge ciarnage and ultra-violet damagé can occur to the CESL due to the HDP-CVD process, the
HDP-CVD process can result in a reduction of the thickness of the CESL, the CMP process can
be expensive due to expeﬂsive materials and muitip]erprocess steps, the thickness of the
interlayer dielectric layer has to be measured both before and after {he CMP process in order to

obtain good performance, and the compression of the interlayer dielectric layer can result in the

--relaxation of the strained-effect- which-was-purposely.applied to-the substrate to.obtain BEtter oo e

driving current performance.
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__approximately nine-thousand A. s

fabrication process, phosphorous-doped silicon glass

(PSG or undoped silicon glass (USG can * be used as

the material for the interlayer dielectric layer 340

and -can be applied via a high- density plasm cheni ca

vapor deposition (HDP-CVD) process. Note that due to

the three- dinensional properties of the fabricated

device, a bunp 342 may be present in the interlayer

dielectric layer. Note that for purposes of

pl anaWithatfermnce ndveto Figwed Zayand 38 beeate showh dizgranB4Bustrating cross

be applied to a thickness (shown as span 345) that
sectioByl vixevs@f @ aliiairate aitainihg afebritateddiesics eith binintdagalielectric layer

since the CWP process can result in a reduction of the

whidhts SHoR@SEe &fd JoREpthmikiestlchy Wherbin@l ffok hrk Hlah@¥Bfion }?ré&ss Eﬁ’éh as the
exanple, the interlayer dielectric layer 340 can

proo@sa@bb ﬁgplta%(ﬁntlﬂi’éu?é(@ q§§seefto mEEREARXLARTRS ¥ &m&g ld%ﬂl@d

--- - ------ reference now to FIgure 3b,

mter?z{yglstﬁelt?&ﬁ% 1agQrai7 gmeeﬂ Iﬂlfgtrégg ?Eﬁ&’aﬁt{ I%Es)'ﬁ co%ftf}u? pg %ncated device

rovi

e cIr 340 is sh wn be -13
priof {pfehedion 1% s ar s Sombpescinette S?qﬁ%e94r@aévraa§ﬁiﬁlﬂ and a
t he f?brlc ed deV|ces (such as the bunp., 342 (Figure
gate egynal 1 3 P8 2peheslicnEats 320 ohishrseh Forflm%d At mw‘eqegm 325 and
_dielectric layer 340 has reduced the thickness of the
a silicon eifridgyegiondd ¥, ean b used toyediectdvrty cantypl tbx elaphed lenghe The spacer can
interlayer dielectric |ayer 340 has been reduced in
also bhieddrredds af anomolaipyprased. mat el y ni ne-t housand A down to
apprOX|nater five- thousand A (shown as span 355).

o agr AR SR SRR P (TS pled e F R e cane

di el ect I t k f f f
used Rt AL L HEN R AR B B devie. A nteraye

i nterl ayer dlelectrlc Iayer (such as the interlayer
dielegirieilgyer 34Q¢cap sharbesiaposited gigr gheFhrjcated device. As an example, in a modern

fabrication process, phosphorous-doped silicon glass (PSG) or undoped silicon glass (USG) can
be used as the material for the interlayer dielectric layer 340 and can be applied via a high-
density plasma chemical vapor deposition (HDP-CVD) process. Note that due to the three-
dimensional properties of the fabricated device, a bump 342 may be present in the interfayer

dielectric Iayér. Note that for purposes of planarization, the interlayer dielectric layer 340 can be

‘applied to a thickness (shown as span 345) that may be greatér than the actual desired thickness

since the CMP process can result in a reduction of the thickness of the mterlayer dielectric layer

340. For example, the 1nterlayer dielectric layer 340 can be apphed to a thickness of

With reference now to Figure 3b, a cross sectional view of the substrate after CMP

planarization is provided. The polishing of the interlayer dielectric layer 340 is shown to be
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after CWP planarization for several different wafers.
The target thickness of the interl.ayer d|e1ectr|c
| ayer for the wafers shown in Figure 4 is - ‘
five-thousand A (shown as dashed horizontal |ine
405). For wafer #1, a maxinmuminterlayer dielectric
| ayer thickness of approximtely 5600 A (data point
410) and a mininmuminterlayer dielectric |ayer
t hi ckness of approximately 4700 A (data point 412)
succeal! tealigrinating Gumpdusrto theltopdlegy ¢fdbe fabtitataldegises (such as the bump
vari ation of approxinmately 900 A, or 18 percent. For
342 (idues 3R Fudhemartethmpblishikgnethe mfera o diefectritahger o0 Ids reduced the
415) and a mninmum thickness of 4600 A (data point
thickdsg bf W sSntérpyeediclbatic RybhB4tk Pes&ample] @k ietatr Bectric layer 340
percent. Clearly, the use of CMP to planarize the

has HebM ﬁﬂﬁ@}d & thibkRs8 Soh dpp k@&ﬁﬁte@qﬁ% HASsayd ﬁb@wn‘f@é%?r&ﬁﬂﬁely five-
resu ts. The resultlng interlayer dielectric er,

thouﬁ’é/ﬁ mogsgﬁ%l gg3gn an interlayer dielectric | ayer

as not” been’ pl anari zed, retains significant
vari ations, possibly enough to result in the
f abr i Wikh refereme npwdo Figued 4,tthere Grshaved 8 diafiathillngfatinga data plot 400
now to Figure 5, there is shown a flow di agram

of infethyes HicRtiriodayer dickasss fobfuihbdr opvafedy. Thalte biood00shbws the
nt acl ayer dielectric layer to help mnimze surface .

thickHé6 bfdd iAitflayer ARKRER Iéb%rg cﬁa@!h@flrﬁér[ & abaE r£§£ﬁ349f(mgure 3b))
t he present invention imlar to t e process” 200

sor ERUSEA R ol PO S Oy
dieleaRQ Yagr?Lf t%p{h' %\%geﬁgsh[%ﬁrg'tlﬁ ?iﬁgu% 4 Psetlv@-tlrag ar{é}é ?sh%%é%iiagh%mmntal

ons e case

nte er dlelectr' i se, four
line 4025 EpCvier B 8ok Tisiiet %?ﬁctng%wg% S5t iy 560
ossi ble to use an arbitrary nunber of l|layers wth
dﬂgﬁ&% ”ﬂé ) §1d miknym gntergyes W@ epffig S thickyesh of @nwromrn@tely 4700 A
process 500 can begin after the devices have been
(datafpaigf f i twagl defarmgned. til dhen hag s dhiphriessy varigtierhef approximately 900
fabrication of interconnections (electrica
A, ord8ipamentoFor)walertiieemasimentthidkoess of 2600k (data point 415) and a minimum

thickness of 4600 A (data point 417) was found, for a thickness variation of 20 percent.

Clearly, the use of CMP to planarize the interlayer dielectric layer does not yield
very good results. The resulting interlayer dielectric layer, while smoother than an interlayer
dielectric layer that has not been planarized, retains significant variations, possibly enough to

result in the fabrication of poor quality contacts.

With reference now to Figufe 5, there is shown a flow diagram illﬁstrating a process
~ 500 for planarization of an interlayer dielectric lfiYéf'tbghélI} inimize strface Yﬁi’iéﬁﬁhﬁi” S
ac;cording to a preferred embodiment of the present invention. Similar to the process 200
(discussed previously), the process 500 can be used to place and planarize an interfayer dielectric
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the fabrication of the devices, a CESL can be :
deposi ted over the devices (bl ock 505). Accordi ng to
a preferred enbodi ment of the present invention, i
silicon nitride (e.g. SINX, x is less than about_-2) 1
can be used as the CESL | ayer and can be deposited -
using either | ow pressure chem cal vapor deposition
(LP-CVvD) or plasma enhanced chenical vapor deposition
(PE-CVD) techniques. However, other materials can be

layer e fagictied dSHSI td bslp mimmideongfacesvatihtionsr¥ate that in the case of the
sufficiently differently to the etch material used to

procesd 5010, the énteridyer dialyeiric thyed raayt ¢dnsprisayaur 1{ysReE tikiecic|nyaterial.
they are relatively inactive to the etch material) so

Furthbifidre, (@M b6 ?Gssih‘leoﬂo%é arl BitEBVivERRer 8NydrRitRaR 51%“@&1% the Spl[‘lt.
from -the etch naterial. After the deposition of 't

oftheggélent Bvergeend | ayer of a nmultilayer interlayer

lectric |ayer can be fornmed on top of the CESL.
Initially, a first interlayer dielectric |layer can be
depodhe prpcgsh 56¢ kanFegin. aftFhibe tievieds hdvebaso fabricatbdigrdo a gabrstrate
‘be used to specifically cover the devices, which are

and ptiyn to gheofabdicafiomdf inteeconndesionsatlectritiieohnactts) deeleacthe idevices. Afier
| ayer can fill in any gaps between devices on the

the faBid%ibh of Be deVies! 4 CESL kan &sscmgagueﬂ GvirliRe diSIeE@%ock F0S). According
"~ first dielectric | ayer ca e formed using undoped

toa pﬁe‘férfeﬁ%ﬁ'lbghﬁ%ﬁt &M@gj}reéb%t ﬁgelﬁloﬁ Ul A TRSROE . SinpY §§sslb’srs‘?han about

deposition techni que ( USG~-or-an at mosphétic
2)c eeé%écji’r‘ Q%Bfgf,'lﬁ)ep é}l‘dtr&{i 'B ecéf%D H%c%t)l}eerﬁ{)\;v %sgllg'g clélecaI vapor

dePOS?@&Jﬁ%td@ e ol °égw?°%2{'%?§gaé&%aﬁ (P eV Efpiaues
s e B STl g

nps due to the topoloqgy of the devices present on

dlffer@rﬁb( tg E}wsqtqhawenam&edée et6h glednférlw dielectrigylasier appifially, they are
formed using spin-on-coating deposition such as spin

relatively ighelivs t¢ bogichmatdrial) godwt tiay cén pratectthbdevides andthe syhstrate from
use of centrifugal force to help uniformy distribute

the ettlhmatdfigdl ectric materi al across the wafer and can

After the deposition of the CESL, a second layer of a multilayer interlayer dielectric

layer can be formed on top of the CESL. Initially, a first interlayer dielectric layer can be

“deposited (block 510). The first dielectric layer can be used to specifically cover the devices,

which are lying on top of the substrate. The first dielectric layer can fill in any gaps between

devices on the substrate, electrically isolating the devices. The first dielectric layer can be formed

using undoped silicon glass (USG) using a sub-atmospheric pressure deposition technique (SA-

USG) or-an-atmospheric-pressure deposition technique AP-USG). - oo ﬁ,

After the deposition of the first dielectric layer, a second dielectric layer can be
deposited (block 515). The second dielectric layer can be used to help fill out any signiftcant
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be made from USG This can produce a dielectric |ayer
with a low'variation in overall thickness. After the
formation of the first and the second dielectric::
| ayers (bl ocks 510 and 515), a neasurenent of the
thi ckness of the two dielectric |ayers can be nade
(bl ock 520). A thickness neasurenent may be nade to
deternmi ne the thicknesses of the two dielectric |ayers
al ready deposited and to determ ne how nuch nore

surfatic gireguiaritics that ean ibaprasent dsthe dirdy dietbepisdateg duttoasininpg dudie the
total thickness of the nmultilayer interlayer

topolbgglof dierdegictsyresent an the sitbsirate TheBe@it dtectridfliyer cdnie: formed using
measur enent of the thickness of the two dielectric

spintoay®@ating depbditicrisudh 8 §6d 61 £ladsABOG) Erfniffes WRPTiak 8 Benefit of the use
(bl ock 525). According to a preferred enbodi nent of

of cégxlﬂ‘?fugﬁl 9828 to Hely@hfokAl didehibutt el dibl Rl lﬁQtEﬂ'izil %cano&sﬁlﬂ@ ?vafé?@nd can

e uSsed to bring the'nmultilayer interlayer dielectric

t ' ' : 1 ;
b B0 ABELE L £HRS 300, 580 1P IR Bl ks
be deposited using PE- CVD in conjunction with an APC.
' Si nc eAftbreth@orouivnt efthafiguanddinsebendnligbdtsic fayers (eckasdid and 515),
the thickness of the material deposited using the
a meaQeanén] ¥€the dlliclorssouTahy lotlisledtri €&t Oh RRAGAKE (MBEINS2(H) NE thickness
anmount of tinme the technique is used, the APC used to

meafiPEthé® nal B R8O RUekdrAlhe Whe hitRndstisio theFivs iRt cTay Y 8feady

can be based solely on the tinme that the technique is
depddfi&Land ¥ ﬁ { o1 i : i i
opoEfndfd ek SRR L 58 Bk VRN Doredt pring e
totalgl:li?lfvr\%?s?gnf écﬁa% %ﬁg@@%ﬁﬁ%{]&%@ tdgael_lerrg:k)r?cﬁ%)?eir goﬁe? %I ?rgcl t%gckggs\é.l gﬁer%e
amul tilayer-interlagyer dielectric |ayer,-wtrein )
mea gy 8 Fieiesor Mo disrehyelereme L gerot By e be deposited
| ayer produces an interlaaer dielectric layer with a_ = -
(blogknig> Y dyyrerdingrto a grefereed empadiment offle prascabinypitigns the ghird dielectric
preferred enbodi nent of the present invention. Figure
layergean bk ugpsktp hriag thy multilayes insenlayar diclggtic layero a dgsividdhick®ys and can
fabricated on its surface. According to a preferred
be maddoin phodphowiis ddped piliesegiassi(RYENeH SG andennde epesitédising PE-
may be a netal -oxi de sem conductor field effect
CVD in conjunction with an APC. Since the PE-CVD technique can be highly precise and the

thickness of the material deposited using the technique can be accurately predicted based upon
the amount of time the technique is used, the APC used to control the deposition of the third

dielectric layer can be based solely on the time that the technique is used.

With reference now to Figures 6a through 6e, there are shown diagrams illustrating

cross sectional views of a substrate containing a fabricated device at differing stages in the

interlayer dielectric layer produces an interlayer dielectric layer with a low degree of surface

variations, according to a preferred embodiment of the present invention. Figure 6a illustrates a
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interlays didlestrisdayss nerds fobet

transi stor (MOSFET) device with a gate length of |ess
than 130 rim However, the device 607 nmay be one of a
wi de variety of di fferent devices or MOSFETs with
other gate lengths. Furthernmore, the MOSFETs shoul d
have an overal |l height of no nore than 200 nm Note-
that while a single device is shown on the surface of
the substrate 605, in practice, the substrate 605
coul d any nunber of devices fabricated on its surface,

subsigite ROaWith p devicd 60 fabrixaied gndis tsenfariendctobding toherefeze @fibodiment
each device and the total surface area of the

of the plesdént atvent&dSthe evics6(¥ahayulecommambhofide semicondiddr fildeffeat
contain tens of mllions of devices. After the device

trans@ot (REOSFETY Beiawitic @ b6l 1eppthtoTgess thah A9®nAf Héw&ver, the device 607
substrate 605, it becones necessary to provi de

may 8t 6d 61l aGAle CRAMMEST difRent RvREINIORFE Tew e Uﬂl&egaﬁqun gths.

wever, electrical connections cannot S|np y be
s Y
Funr%h?%%ﬁgggffp%%g%ezw%gﬁ%ﬁ:héserafgz@ght gL bRy o
ect |

whilg %P@%?e‘flﬁe R oy bR Surfaog it é'?béf%%?ﬁ? aapras%%@sfvbaﬂgte 605
coul b Vet PSR s guttics, BEh 8 Yamet pini Bege dffernned by

creating the multilayer interlayer dielectric |ayer,
the sigp pEepch ge‘ﬂ%ﬁ Prideciot] grBre prag af the subsgte 603 s aelneempon for a
(as discussed in block 505 of Figure 5). The CESL
Substlr%taj/’@rcoaiﬁmtemfmllmpgﬁdetmds over the substrate 605 and
the devi ce 607 using a LP-CVD or a PE-CVD process.

?ES?E?‘? g %?5@2% 88 08 SR ol %8%#*% RisaR s
becolg RO GIBIMROER L OOBEHOBHE 0 EILh %ﬁ? e,

a tenperature ranging from 300 to 550 deg
electgigal gonpectiong gargahdwply b@yj’laﬁ%%'{ﬂpé’f élzsﬁlewawamﬁum rpultjlayey
5 Tort, and NH3 gas f(ammnl a) can be present. Under
rmerbbatwean the deyicerel andihe eleceivd
can have a reflective index (RI) of 1.90 to 2.05 for
connédtighg towirotbet theGB8ice 667 ivamaheeigtticad nehnactiRins aridrthe processing needed

to fabricate the electrical connections. Figure 6b illustrates a first step in creating the multilayer

interlayer dielectric layer, which is o place a CESL layer 610 over the device 607 (as discussed.

in block 505 of Figure 5). The CESL layer 610 can be deposited‘over the substrate 605 and the

device 607 using a LP-CVD or- a PE-CVD process. According to a preferred embodiment of the

present invention, the CESL layer 610 can be deposited under the following conditions: the

substrate 605 can be in an environment with nitrogen gas with silicon atoms ata temperaturé

. ranging from 300 to 550 degrees Celsius, the depositiop pressure can vary from 0.5 to 5 Torr, -

and NH3 gas (ammonia) can be present. Under the listed conditions, the resulting CESL layer

610 can have areflective index?(R_I) of 1.90 to 2.05 for light with a 633 nm wavelength and a RT
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of 2.10 to 2.70 for light wwth a 193 rim wavel ength
and a percentage of hydrogen ranging from 10 to 22
percent, with a step coverage (a neasure of the -
ability to cover discontinuities in the substrate
605) from 70 to 100 percent and a thickness from 200
to 800 A (shown as span 615) and a non-uniformty of
"l ess than two percent. The thickness of the CESL |ayer
610 shoul d be dependent upon a requirenent of the

of 2. Kx to @i Mddr leght with ad A3 nwawavstengthand hipekerdags of Apdiogap rimgig from
150 to 1000 A. The strained effect can be used to

10 toi22pemee, with asep obferapd (4 mehsumesfitivr abilitg €0 arver discontinuities in the
considered to be well understood by those of ordinary

substedid 605) EBmt70@0 200 p&terk Bl PHAKAE foRVEIh 800 A (MW as span 615)
however, that the CESL | ayer 610 can be deposited

and a%hfhﬁlf@mﬁtydﬁléé@maﬁtt\\éo BrcanicthRRRsVbiite CASChIL: él@éﬁ&uld be
that is functionally effective. After the formation

depeﬁn%ﬁt W%tr ¥EheR 1Y theqs think & Ef Fﬂ(ﬁ&h Elh&ei 4 @%ﬁﬁes@ ?angﬁE from 150

aerlnter ayer ectric layer

' ates sec .
to 10{f é"ﬁ%nsga"agﬂ e o pe 15{0 bt as e Pﬁrgomg%erand s
I I | a 2
consnflcﬂ'gcf to@,ggy_etlh Lg;@g?&)gq_gy A @glgngé ?tlr e %&_}ges(ogptol\r{\?erntion
gure 5). The first dlelectrlc Iayer 620 can be

Note a@w@r,ﬂ@a the(ehiST lager GEGcan by dapogited uping A yvidavanpty@foensitions with

SA- CVD process. According to a preferred enbodi ment
aCE%EkWH@hgn%%@ﬁﬁﬁmmwéﬁﬂﬂmﬁ the first dielectric |ayer

620 is nmade from USG can be deposited under the

envi Pkl diblb 8B CHSEAMARRIY TR At b el g e

g e TR e B G5 s s

conditjons, the resulting first_dielectric |ayer
the muliflayeipteriaier dhiglestiic lgugs. WRIFR is4p plaps the ?fﬁiﬂddteiﬁcﬁlcd%)f?f 620 gver the -
hei ght on the order of the poly-silicon material 320
CESk lanlﬁrl@ (mayscugged mbloskerldiof Figuran)sthedirst dielettielayer 620 can be
underlying structure, and a thickness of
depositpp puexitheeG B8 Ly 122660 OAsi@g hoWwR-G¥Dpa S A6RYD. prddess. According to a
thi ckness of the first dielectric |ayer 620 can have
prefeated emptadiménit of the pibent ipestion, thrifirstdisdertridiaydri6R ¢ ksak fok USG

the dielectric |ayer 620 on the
can be deposited under the following conditions: the substrate 605 can be in an environment
containing tetraethyl orthosilicate gas (TEOS) at a temperature of less than 550 degrees Celsius
with the presénce of oxygen. Under the above conditioné, the resulting first dielectric layer 620

can have excellent gap-fill abilities with a gap-fill height on the order of the poly—silicon material

320 (Figure 3a), alow overall film stress on the underlying structure, and a thickness of

_ approximately 2500 A (shown as span 625). The thickness of the first dielectric layer 620 can

have an upper limit. The upper limit upon the thickness of the dielectric layer 620 on the

isolation area (shown in Fi_guré 3aand is comprised of the oxide region 325 and the silicon

et




isolation area (shown in Figure 3a and is conprised of ,
the oxide region 325 and the silicon -18 nitride
regi on 330) should be | ess than the sum of a -heéi ght of
the poly-silicon gate 320 (Figure 3a) and 500 A.. In
addition to the maxi mumthi ckness constraint, the CESL
610 and the first dielectric |layer 620 can be
constrained to having a thickness ratio ranging from
0.06 to 0.90 (CESL 610 to.first dielectric |ayer 620
nitrideltegikm83%))shoulth be feat than tie sumed aihrighte! thegmy-sititorogata’20 (Figure 3a)
the CESL |ayer 610 can have a given dielectric
and 3000 tla addiAgttoahginveamumethickidss vorisytaint) dRICESIe610t0d the first
DCCESL and RICcESL, as should the material used in the

dieleb@iBNdyeR62000an BE chli@afnbd Sihatingla8hickieds faBY dnghdProm 0.06 to 0.90
denoted DCFDL and Rl FDL. Not'e however thag a first

(CESHi @I|OQ:G ety ‘Ellellééiffcrlafe"f‘ B2 @i RRRE ThE %a%ﬁaﬂg;ec? in ﬂ% HfBrication of the

vari et y of conditions and the resulting first

CESE llaﬁJ 10 é'xfi PL@%&IV&%?Igﬁrl? 9(91%{ patlrl c#lyﬁnﬁgﬂ%cy%gf ﬂxﬁex denoted

orrm

di el ric I cond dielectri
e BuPdig he gt E?Paetdég% f??maﬁmy?féﬁ fi g Bt g 620,
mul ti]ayer _interlayer dielectric |layer, which.is,
denofes ?Hm@: and Il Notsthowayenthat edirst dielgeisic lgw can/g deppsited using a
_first dielectric |ayer 620 (as discussed in block 515
-wideyprigty glipandBions mgthe tiswlging brsh dislestrisdaysticanhs substantinlo¢quivalent
the present invention, the second dielectric |ayer
functg®8lly.s made from USG can be dep03|ted over the first
di el ectric layer 620 wusing a spln on gl ass (SOG)

23‘5?.4@?%@%%“%%6 eg?ﬁﬁe*%gb% s seband e 530 con be
605,
formf FIRSE CAbrsiodind HEp E\SBR P A T e (B delat loves

and the centrifugal force results in a uniform

whichiisdp pie6 HieGpeond Fis{avisicABtee FP &b ves igys: diglestin TR0 s disoussed
the substrate 605. According to a preferred enbodi nent:

in blesk 51§ péFigneesidndcdordiegiviagusietrérberglmiiment of dik preiserit anvientyay, the
630 can be deposited under the follow ng

second dielectric layer 630 is made from USG can be dep051ted over the first dielectric layer 620

using a spm on glass (SOG) technique. The SOG techmque typically involves the application of

a material (such as a silicate or siloxane) onto the substrate 605, which can be on a device that
spins the substrate 605 at a given rate, and the centrifugal force results in a uniform distribution
of the material across the surface of the substrate 605. According to a preferred embodiment of
the present invention, the second aielecuic layer 630 can be deposited under the following
condiﬁoﬁsz a silicate or siloxane material is used for the creation of the second dielectric layer

_____5§9=___"_‘_’_?1_i?_12__?E_?PRH‘_?@}_E_E‘.l.‘?..i@f‘.’-’ﬂ?!?!?,tﬁ? substrate 05. The substrate 605 is spunatarateof

between 150 to 500 revolutions per minute and méy undergo pre-baking processing with a

temperature range of 80 to 320 &egrees Celsius and a hot-backing processing with a temperature
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conditions: a silicate or siloxane material is used
for the creation of the second dielectric layer 630,
which is applied in a liquid formon the substrate 05.
The substrate 605 is spun at a rate of between 150 to
500 revol utions per mnute and may undergo pre-baking
processing with a tenperature range of 80 to 320
degrees Cel sius and shot - backi ng processing with a
tenperature 19 range of 400 to 450 degrees Cel si us.
rangeldliet00 ¢ 430 degpesE€clomns Thicetsaliingisecond yitecBB0ayean3hamdaee a
-t hi ckness of approximately 500 A (shown as span 635)
thickassd oRappodkimaely SO0AL (gth@fn hsespan 635 and svor-2iforPey 6€MREs than two (2)
while the overall non-uniformty of the nmultilayer

percdnfiviild Y Serll RbP@liforit) 8F @k H{Lﬁt@% Erﬁér[hger dI&lﬁct@ﬁ er (comprising
| ayer 610, the first dielectric |ayer

the c%%ﬁ%?&@i@hﬁ%&'d?eléﬂﬁa é%@b dnd ﬂhe%%éoﬂdfa@aectm%g& 6@@15 less than

percent . L Tayer 610 and the fi
three q%??eﬁ%é{) ng uldﬁ)ﬂ?g C?%IQ éay[%g@lre()recmggge iprgt c?ﬂectl#)ﬁgér r[#ére 8%]1 be an

at t kness f

uppey g n o gi e?ﬁ@%"‘%ﬁf@?%&% © HBRFE ﬁmé%@mggﬁaa %Eewgm of the
second di ctric 30 being less than t

thickpgspegiod ﬂ%?fCeFt aY5h |6}0 §l¥=r fiesh ﬁfw’ga% layorH2nend ths ae@ore%alé%a layer
A. The first and the second dielectric |ayers 620 and

630 beag less jhap shechsiahi afthe golyilisen gatsi3pg pud threstteqisandcA | Epgdirst and
made from USG The conbi ned thickness of the first

the senuod diklectsie dayerd 689 ehdeI0r ey bagomsider6® ® terackig3Odickrtric beyer made
optimally constrained to being 1.1 to 15 tinmes the

from USG Khe sankified thiekddsSbf tha first Fnktheadcand dielectis ¢thefs@®20 and 630 can
fabricate the second dielectric |ayer 630 can have a

be optimaB célis@higed bibeingdNiStoaT!tinal GhePthick@dst 6€thé CEBY, 610.08% material
denoted DCsDL and RIsDL, respectively. According to a

used Rf ﬁf)ﬁcfafeetﬂc SbRAioEaEic 198 §30%ak B@\% Wénrﬁfﬁwtin%bnsttanteand a

dielectric constants and the reflectivity 1 ndexes of

reﬂecy@ﬁy g‘@ £ rde t&d ]Hé #@a&ve g&)&gﬂlg % Et%fefrx{eﬁ §1tnbod1mer1t .

r'i c ayer ese

of the?%gﬁﬁ vﬁ%ﬁfﬁﬁ cﬁa}e&? f O| l o%@nﬁ : eI lg{jgs_h eg oP%Ex?akenals used
in thetaggﬁn El@j?}‘(@ O,ath eﬁ%{lélgl{elctg%ﬁzfyg{: gigq and t eers)e%oné Slgzlegt%ilc I?%e? %ﬂ) slilould
havé the following relationships: DCecgsr. > DCspr, > DCepy. and Ricgst, > Ry, > RIéDL. Once:
again, a s;econd dielectric layer can be deposited using other techniques and under different

conditions using the SOG technique with the resulting second dielectric layer having similar

functionality.

After the completion of the second dielectric layer 630, the overall thickness layer of

the multilayer interlayer dielectric layer can be measurgd (as discussed in block 520 of Flgum) e

With the measurement of the thickness of the multilayer interlayer dielectric layer, the thickness

of a third dielectric layer 640 can be determined. According- to a preferred embodiment of the
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secorgf&lfl?&ﬁﬂa eljfmjer and the thickness of the first

above processing conditions can result in the third dielgetric layer having a thickness of -

conditions using the SOG technique with the resulting
second dielectric layer having simlar functionality.
After the conpletion of the second dielectric |ayer
630, the overall thickness |layer of the nultilayer
interlayer dielectric layer. can be neasur&d (as
di scussed in block 520 of Figure 5). Wth the
nmeasur enent of the thickness of the nultilayer
interlayer dielectric layer, the thickness of a third
presegit Biverdion] the thardalicl@aic loyper 64 catebeysad todating Aowvedhl Irtickmessof the
preferred enbodi nent of the -20 present invention, the
multildyer idteelaydr didlaciric thyey 6 a Sbfed aaiud Eherefode, tle thickmgs bfeie third
overall thickness of the nmultilayer interlayer
diele€ltie |56t 640Gah BY Qéteriting 16 B8 b dEFkraRE Uewed e QEped ovérii®thickness of
thi ckness of the third dielectric layer 640 can be

the nﬁ.ﬁn%remxﬁ&ﬁy&om@ctﬁc v 00 %{eqﬁlch%s%ﬁﬁe ’f’iﬁ?di@l%éﬂn"c &&her 620 and the
overall thickness of” the multilayer interlayer

ectrl l'ayer 620 and the second dielectric |ayer
630. Fi gure 6e illustrates a fifth step in creating
t he miguré baiflastritestacfifthesepr in dicating the imultilayee interlawkd diiedtsc layer,
to place the third dielectric |layer 640 over the
whiclt 836 placeihe kified dielecttialoger 6B Gvéthe SHcbd dsieetric 1ayeld30qks discussed -
525 of Flgure 5). The third dielectric |ayer 640 can

in bIRR 508 Qf’lsngﬁ OptRhthitd\Geleh0 R er SH0aL 6L i Oﬂbsﬂt@%ﬁ/ﬁr 83 Qecond
usi ng a D or HDP CVD process. According to a

F P R R s
8 SO LSS
ol G4 8 Y o

PE- CVD process is used_in the
follo‘a@g aglictlﬁl%ﬁ B Slfh@@atf: K03 A0 Lgiia P eRvifoRmpRhroptagung, a gasaith silicon,
argon gas (containing silicon, phosphorous, and oxygen
phosphognvs)ani sxygsadtomso ke PE-6IVI hrocSOB used indbedepbositine of the third
second dielectric layer 630. If the HDP-CVD process is
dieleciselyer 640, then argon gas (containing silicon, phosphorous, and oxygen atoms) is used

to sputter the SOG surface of the second dielectric layer 630. if the HDP-CVD process is used,

then a pre-heated oxygen gas (containing silicon, phosphorous, and oxygen atoms) is used to
sputter the SOG surface of the second dielectric layer 630. During tﬁe CVD {either PE-CVD or
HDP-CVD) process, an APC application is used to control the thickness of the third dielectric
layer 640. The APC application can monitor the duration of the CVD process to determine the

thickness of the third dielectric layer 640 due to the precision of the deposition process. The

approximately two-thousand (2000) A (shown as span 645) and a non-uniformity of less than

two (2) percent. Unlike the CEéL layer 610, the first dielectric layer 620, and the second
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then a pre-heated oxygen gas (containing silicon;
phosphor ous, and oxygen atons) is used to sputter the
SOG surface of the second dielectric layer 630. During
the CVD (either PE-CVD or HDP-CVD) process, an APC
application is used to control the thickness of the-
third dielectric |ayer 640. The APC application can
nonitor the duration of the CVD process to determn ne
the thickness of ‘the third dielectric |ayer 640 due
diclecwictléyer pis thesd way nét belar upesp digiit dncthe hidkoess ©f thehlerd diblestdc layer
processing conditions can result in the third
640. Hoelceat the chitiag sy offtitathing deicchicdkyee 640 hbuldae pinded sathat thie overall
t wo-t housand (2000) A (shown as span 645) and a

thickR€¥3 vll tHefr@ulFlay et ifiEridyes SieleB@iD layevEhol)mdRethe @Bdired kiness. Again, a
the CESL |ayer 610, the first dielectric |layer 620,

thlrd@i@e&mag«g%%ge dep oglted%;.lnng 'oﬁ{eﬁféEﬁdn?uels Qﬂcﬁﬁna@?’&ffeﬁeﬁ?oﬁdltmns

may not an upper Iimt on the thickness of
. i | r .
usmé ﬂ{eh%pﬁl (g?%loclg %ltﬂr i C atfl er Q%lﬁgmiﬁ ou Ir%lsugﬁl% ut“pd @g%&ég la%r havmg
t he.ove t hi ckness of the nultilayer

..t hat
mn“@ﬁ@%?ﬁ?@@?aﬂég?%%?%ﬁc | ayer shoul d neet the desired

thickness. Again, a third dielectric layer can be

deposTHe@dmiplkdddnaitiRgsr ihehdiRr AieRstriRM&Y et Rl Eatel rlder @@ preferred
conditions using either the PE-CVD or HDP-CVD

condh%ﬁ?@f Hpe sl Eﬁb&(ﬁﬁneﬁtQﬁﬁletﬂr&gnttlmernﬁoﬁ(a‘é‘ 'd%@ﬁsrsécfrprlaﬁ&fs'iy and as
havi ng S|n1lar functionality and thickness

shov@qﬂ?lg%} Cﬁvla%bfﬁ{}erbii‘{hfé&% g%a;gsl :%Qﬁe%)ns ot?éﬁ?sﬁnd (5000) A

|cate epre erre

(whep Iélg é’sggie‘fenégnc Sl%gog aaf)r%%m‘?atfﬁggﬁ-thl @é?d;%rtgln ge&fn%tgﬁlectnc
layeri@égs R 5@@3@ S%@?&? fpueriB o oreaprmaly owo-

%gé 620 is a prOX|nater 2.5-thousand A the second _
thouw ¥iithiag overgl] apn-gnigorpudty @Bbﬁ%sbﬁmﬁwe(@ peryent Athe figs diefpstric layer

third dielectric layer 640 is approximtely two-
620 han @ menrmifoxmityj of esa than e €) pengerti, the paconrdielgctot I4yese30 has a non-
‘than four (4) percent (the first dielectric |layer 620
unifobaity af kerthamtiwod@persengfand geshitddislettvio lay2r) 649dme e non-utifemity of
- second dielectric layer 630 has a non-
less than two (2) percent). In addition to the upper limits placed upon the thicknesses of the
various layers of the multilayer interlayer dielectric layer (as discussed previously), an additional
constraint can be placed upon the thicknesses of the layers of the multilayer intertayer dielectric

layer to help optimize the reflectivity index of the multilayer interlayer dielectric layer.

With reference now to Figure 7, there is shown a flow diagram illustrating a process

700 for fabricating a semiconductor device, according to a preferred embodiment of the present

. invention. According to a preferred embodiment of the®present invention, the process 700.can.. ... .

begin after a substrate has been created and prepared for use in the fabrication of a

semiconductor device and is part of a longer process for fabricating the semiconductor device.
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uniformty of |ess than two (2) percent, and the third
dielectric layer 640 has a non-uniformty of less
than two (2) percent). In addition to the upper linmts
pl-aced upon the thicknesses of the various |ayers of
the multilayer interlayer dielectric |layer (as
di scussed previously), an additional constraint can
be pl aced upon the thicknesses of the |layers of the
lti]layer interlayer dielectric er to help
The ggffwﬁog ot Efﬁéem@fm%tqr dpvice candescepd thﬁ addiiignel IPfa‘;‘ﬁ@?lng steps after
interlayer dielectric layer. Wth reference now to
the cpinglgtien of the precessi780 ehshawnan Figow HiThg pemess 70Qsmrteginty a
process 700 for fabricating a seniconductor device,
fabriegting adievige(s)p peefgpatdy e MESFEIthodienamnthe odbstrite (iocks5). The
i nvention.-According to.a-preferred. enbodi nent
fabriodtioh @f fhieeiseiné(s)vae iiviobi, setdisl piare slepd, KRR sithsified 1nto a single
after a substrate has been created and prepared fo

procéks Step.Orich ehef cﬁabfde@?ﬁds%@etpfabﬁceﬁm ?FH@&H% Aerde Hitﬁ@e lﬁj{ﬂg) can be
is part of a |onger process f abricating th
formSE e %?égittcgqfs) %gd\ﬂ( ?Z@)C'gﬁgtgl}%dg el;e_)%‘? cév%ﬁsrthggé\)tlc%@% g{ld {i%e used to

sem con

L e
. , FET
o B BB L S e g i

devij c can involve several processing steps, but is
layercpppe. F"Fﬁn%uﬁlﬁl& ¢ithgr s LAY \D 05?%635% PECRSS. Once t he

devi ce(s) has been fabricated, a protective |ayer (a

ni trige, |f@l¥ﬁ1'iér the ﬁﬁrn}ﬂ;'elaygr((’?lga{jﬁb qﬁt&l}&u%QX)'gg 40k foSmed over the

(bl ock 710) he nitride Tayer overs t Vi ce
nitric@] eP u X n?llglf q"ﬂe H)st ()?idg a?gr ca% :Bg ay n:{trllﬁ F&}S{Sr) off gw%]&wr dﬂterlayer

m ondu deV| cordl t referre
d‘ele%% “Z‘?eﬁeé%ﬁ’ SRR B?Ysg%ﬁ'hbe. ipghcibde - EvBlg - AE8vp
can be. formed her a LP-CVD or PE-CVI
Pmceﬁf g’é’&%@mg&q fermation &f Hﬁ ftr} é’x et*‘i‘ﬁieﬂé‘ seeapd oxidp Il%’ékcapi?@)fomed
rst oxide | ayer can be formed over the
(block 720) The second oxide layer’s primary function can be to fill in any existing gaps in the

first oxide layer, which may have arisen due to the three-dimensional topology of the device(s).
The second oxide layer can be formed using a SOG process, which can help produce an oxide

- layer with good gap-fill properties. With the formation of the first and the second oxide layers,
an algorithm can be used to compute a thickness of a third oxide layer (block 725). According to’
a preferred embodiment of the preseﬂt invention, the algorifhm can be an advanced process

. control application that can be used to detormine the thickness of the first and the second oxide

layo{saolr}o ,?1,‘,‘?,,99?“1’9“? the thickness of the third oxide Jayer based upon the determined

thickness and a desired thickness of the first, second, and third oxide layers. Since a process used

to form the third oxide layer is very precise, there is a direct relationship between the thickness
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nitride layer (block 715). The first oxide |ayer can

be an initial layer of a nultilayer |nter1ayer

dielectric, wherein the first oxide layer can be"

formed using either a SA-CVD or an AP-CVD process

Foll owing the formation of the first oxide layer, a

second oxi de | ayer can be fornmed (block 720). The

second oxide layer's primary function can be to fil

in_ any,. eX|st|n gaps in the first oxide |ayer, which

of the,thirdioxids layer anstiheipraound of Hme spans i fgrmiag Siedhisd oxidpleyogfter

of the device(s). The second oxide |ayer can be
compugingrE¢ ngededdhiskrgsdopthe diskoxidilagsr, ta hildeixjlepayed canebedormed,

oxide layer with good gap-fill properties. Wth the
prefefablynesingaithef a RIH€ VD orsHIDBAOVD Ipeoceesdbiock 730)de | ayers, an

al gorithm can be used to conpute a thickness of a

third, gxide.layer (block 725). According.to a , . .
pr ef ét}lﬁl%d}é g‘? SﬂveBtf‘o“c iﬁé %F’gg&gﬁtﬂge? fﬁﬂ)'g besngigscribgd in detail, it
orithm can be an_advanced process contro
Shoulg&%wé%{ﬁtp %@wpow&waﬁy@ﬁm%m@ apdaliraiions ¢as be made herein
thi ckness of the first and the second oxide |ayers
witheayh depariingdenmp the spitihand seppskofdhs inyentiones défined bp diedppdulyé claims.
based upon the determ ned thickness and a desired
The thind dicleesis layfer tdnebefusedst speifiaatig perdoreh thi bpedationi of @ap filling, i.e.,
| ayers. Since a process used to formthe third oxide
filling ehgemliéys bedveyn févices Seenstileah thesdeRiced dre electtiCdlBtisaiasdi P
bet ween t he thlckness 23 of the third oxide layer and
t he unt o ent in formng the third oxjde
| ayerVOIApeE e BPPp‘tfttﬁ%@ref%am’é’é% 1§ Bt diptprisled 1 by limiied to the
third oxide | aye the third oxide |layer can be
partiqulgr ﬁ@é?dmaﬁmépé%a progesssiachins, tlasyfaghuEayDsition PORAGYDIeans,
process (block 730). Although the present invention
methedsdind stepadbseritted drethe kpoeifidetiem Ateme of trdbharyrskilkinahd art will readily
shoul d be understood that various changes,
appresialysfrorh thei disotosar df e hegsaditiioveation prdeessen dackiassg inanufacture,
W t hout departing fromthe spirit and scope of the

composit6iidfaiatias nideks, medoly of Et@pb PREMES existirl dFater f&'&@ developed,

third dielectric |ayer can be used to specifically

p@ﬁﬁﬁx@ﬁﬁsﬁaﬂt@d%@ﬁ‘éﬁﬁx‘e%cﬁfm BARHidve |si1]5§ﬂmt1éll e sante' Tebullg the

the valleys between devices to ensure at devi ces

corre@ofidifik SRbbdifnhtt YestildHeffa may be utilized accordin g to the present invention.

Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.
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Moreover, the scope of the present application is not
‘intended to be linted to the particular enbodiments
of the process, nachine, nmanufacture, conposition of
matter, means, nethods and steps described in the
specification. As one of ordinary skill in the art
Wil readily appreciate fromthe disclosure of the
present invention, processes, machi nes, nmanufacture,
conpositions of matter, means, nethods, or steps,
resently existing or |ater to be devel oped, that
“QL§E§$GFﬁﬁ§EQ§§éntially t he sane function or achieve
substantially the sane result as the corresponding
1. enbowitieyer nterlayerdigecrin @Y B fonamsenteonduétdn desitearheosin heg
to the present invention. Accordingly, the appended
semigindicter deviee corhprindea fitld eiffect|tradsistor (FRITN atichesubstsat tiss IR h
processes, machi nes, nmanufacture, conpositions of
compiBinger, nmeans, nethods, or steps. 24 WHAT IS CLAI MED
IS: 1. Amultilayer interlayer dielectric (MD) for a

S elfireQRR L Q61 tHENIDoviMIR R FET;ne  sem conduct or
device conprises a field effect transistor (FET) and a_

S Qilmg | SENGe: [ thickness of
tﬁgékﬁgﬁgggggﬁﬁgﬁt e %E??hiﬁﬁg%g%g&%ﬁfﬂeﬁﬁgg of the

M v f; Lt i gkness of e - wher
e R essshit o A FiRndh of % ANDR RS tiBingss of the
the sgcond thickness th M D ranges from about

MID ganggs ‘8“5@%55'0 & ,OHE\ﬁréO;vﬂ’i‘ rein the MD further
conpri,ses a third thickness and a fourth thickness. 2.
THeergipths MIR Brthercomprigss @i thirdthickness aad 3 foyrthithieknsese ond
t hi ckness is | ess than about a sum of a thickness of
a gate el ectrode of the FET and five hundred
Ar?g@tl\ﬁ%%f.claam ITwheming thickagsa phiho secoprbibiskness lixlessdbapratout a sum
t hi ckness is created using a sub-atnospheric

of a thickness of a gate electrode of the FET and five hundred Angstroms.

3. The MID of claim 2, wherein the second thickness is created using a sub-atmospheric

'chemical vapor deposition process and is tetraethyl orthosilicate gas (TEOS) based.

4. The MID of claim 1, wherein a sum of a thickness of the first thickness, a thickness-of the
second thickness, and a thickness of the third thickness is less than about a sum of a thickness of

a gate electrode of the FET and three-thousand Angstroms.

5: The MID of claim 1, wherein the third thickness is created using a flowable dielectric

material.

6. The MID of claim 1, wherein the fourth thickness is'a doped dielectric layer with a- T

thickness of more than about three hundred Angstroms.
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chem cal vapor deposition process and is tetraethyl
orthosilicate gas (TECS) based. 4. The M D of claimi1,
wherein a sumof a thickness of the first thickness, a
t hi ckness of the second thickness,. and a thickness of
the third thickness is | ess than.about a sumof a
thi ckness of a gate electrode of the FET and

t hree-t housand Angstrons. 5. The MD of claim]1,

rein the third thickness js created using a
T %!%O%ﬁ@me% iheEein g i ghicknsss is creatpg) érop aphosphereusoped

| wherein the fourth thickness is a doped dielectric-
glassipgittalwi th a  t hi ckness of nore than about three

hundred Angstroms. -25 7. The MD of claim®6, wherein

the fourth thickness is created froma phosphorous
8.  dobedMIlypizxdaimnipdeici the SrateTials uk¢dDn dife forbtahivkess, Wieeseeind

the materials used in the first thickness, the second
thickndss, i deshirdithickhéms hbve # dielettiic kossat, hdweinca @latibasbip between the

constant, wherein a relationship between the
dielegliietastanisof fRMedi@tlscadibe bliftediBd 51 al s can be expressed

as: DCFr > DCTT > DCsT wherein DCFr is a dielectric

capstambchf> bog, first thickness, DCsT is a dielectric
constant of the second thickness, and DCIT is a

e U106 il BT RRd ( Ros

erern erirals ‘us

secorp HERREE Bnd RS s OFEY S RisaBM ke o

relati onship between the dielectric constants of the
9. b S o 1SS FERFRORS oo e e iy frpesond
thicktgelgé, cz:irlic? 81% %ﬁir tLl5C-1|{-nEI:S§ hgveraer];flltg:ct:iggt)\// imtd%:/x, i“[]htcjel%)i(n g IelaftilgSshSi’pe ‘(c):eohr;igen the
dielecfric constants of the materials can be expressed as:
Rlgr > Rlsr > Ry

wherein RIris a reflectivity index of the first thickness, Risr is a reflectivity index of the second

thickness, and Rlyy is a reflectivity index of the third thickness.




thickness, and RITr is a reflectivity index of the
third thickness. s 26 10. A nultilayer |nterlayer
dielectric (MD) for a sem conductor device, wherein
the sem conductor device conprises a field effect
transi stor (FET) and a substrate, the M D conprising:
a nitrogen-containing |ayer over the FET; at | east
one oxygen-containing |ayer; wherein a thickness ratio
of a thickness of. the oxygen-containing layer to a

10. ¢t hAewiébserdnterlamdwlepin@gMID?c tmaaemicoglucty deviceamdyersin the
fromabout 1.1 to about 15; and wherein the MD

semicontuaiondevade doapsibesfadield ffgeetransisicl (FENenl/k Bulgtrar] the MID
10, wherein a thickness of the second thickness is

compréshisp:t han about a sumof a thickness of a gate
el ectrode of the FET and five hundred Angstrons. 12.

Th@nﬁﬁogelpéonqlﬁhgqag,gﬁov\épﬁgggq the second thickness is
created using a sub atnDspherlc chem cal vapor

de G &Fﬁag tetraethyl orthosilicate gas
(T%&Sg%gs%ggé&-%ﬁ ]I\/#(% of claim 10, wherein a sum
~of | i ckness
{ aBerbilsTOERS: o bEFunidh Bl of e GRS SopPinmi BYRT § tfdkness of
thi ckness. i s Iess th about sum of _a thickness of
the nirgsy-SORRIBIOE B BE-SIHEN FESRt kildo MPELSERBUS and
Angstrons. 14. The M D of clai m 10, wherein the fourth
t hivaseeiadhe MID someiped leaskiostierers | ayer with a
t hi ckness of nore than three hundred Angstrons. 15.

The M D of claim14, wherein the fourth thickness is
1. cr BhMID pf il s Wibstsivor birkners péthe sepiond thickaessris ks than about a

sum of a thickness of a gate electrode of the FET and five hundred Angstroms.

12.  The MID of claim 11, wherein the second thickness is created using a sub-atmospheric

chemical vapor deposition process and is tetraethy! orthosilicate gas (TEOS) based.

13.  The MID of claim 10, wherein a sum of a thickness of the first thickness, a thickness of
the second thickness, and a thickness of the third thickness is less than about a sum of a thickness

of a gate electrode of the FET and three-thousand Angstroms.

14, The MID of claim 10, wherein the fourth thickness is a doped dielectric layer with a

thickness of more than three hundred Angstroms,

15.  The MID of claim 14, wherein the fourth thickness is created from a phosphorous doped

glass material.
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-27 16. The M D of claim 10, wherein the
oxygen-cont ai ning | ayer conprises two undoped oxide
| ayers, wherein a first undoped oxide layer is
fabricated using a sub-atnospheric chem cal vapor-
deposition (SA-CVD) process and a second undoped oxi de
| ayer is fabricated using a spin-on- coating process.
-28 17. A nethod for fabricating a sem conductor
devi ce, the nmethod conprising: formng a field effect .
16. ¢ rHwd¥R efclgimep) werpindae oxyean-sennipwgdarer enmyispsivoamgoped oxide
formng a first nitride |ayer over the sem conductor
layers, \yheraima Erst prstopphexide fayergs fabxirated usingey subratmosphericfchemical vapor
nitride layer; formng a second oxide |ayer over the
depofiiios(SAK VIR ptaaysrand a senvpd tndvpediotilie kerds fabdtated usivigracspin-on-
oxide layer; and formng the third oxide | ayer over
coatihdgrosss.ond oxi de | ayer. 18. The nmethod of claim 17,
wherein the first nitride | ayer covers the FET devi ce,
and wherein the first nitride layer is formed using a
| ow pressure chem cal vapor deposition (LP- CVD) or a
ni trogen plasma containing process. 19. The nethod of
claim17, wherein the first oxide |ayer is fornmed
using either a sub- atnospheric pressure cheni cal
vapor deposition (SA-CVD) or an atnospheric pressure
chem cal vapor deposition. (AP-CVD) process. 20. The
met hod of claim 17, wherein the second oxide |ayer is
formed using a spin-on- coating process. 21. The
net hod of claim 17, wherein the conputing conprises
determi ning the thickness of




the third oxide [ ayer by neasuring a thickness of the
first oxide layer and a thickness of the second oxide
| ayer and subtracting the thickness of the first “oxide
| ayer and the thickness of the second oxide |ayer
froma desired thickness for all three oxide |ayers. i
22. The nethod of claim 17, wherein the third oxide

| ayer is formed using a high-density plasma chem ca

vapor deposition process. -29 o
17. A method Tor fabricating a semiconductor device, the method comprising:

forming a field effect transistor (FET) device on a semiconductor substrate;
forming a first nitride layer over the semiconductor substrate;

forming a first oxide layer over the first nitride layer;

forming a second oxide layer over the first oxide layer;

computing a thickness of a third oxide layer; and

forming the third oxide layer over the second oxide layer.

18.  The method of claim 17, wherein the first nitride layer covers the FET device, and
wherein the first nitride layer is formed using a low-pressure chemical vapor deposition (LP-

CVD) or a nitrogen plasma contélining process.

19.  The method of claim 17, wherein the first oxide laj{er is formed using either a sub-
atmospheric pressure chemical vapor deposition (SA-CVD) or an atmospheric pressure chemical

vapor deposition (AP-CVD) process.

20.  The method of claim 17, wherein the second oxide layer is formed using a spin-on-

coating process.

21.  The method of claim 17, wherein the computing comprises determining the thickness of
the third oxide layer by measuring a thickness of the first oxide layer and a thickness of the
second oxide layer and subtracting the thickness of the first oxide layer and the thickness of the

second oxide layer from a desired thickness for all three oxide layers.

]

22.  The method of claim 17, wherein the third oxide layer is formed using a high-density

plasma chemical vapor deposition process.
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