| System and Method for Contact Mdul e Processing
TECHNI CAL FI ELD The present invention rel ates
generally to a system and method for manufacturing
integrated circuits, and nore particularly to a system
and net hod for inppoving the process perfornmance of a
contact nodul e. BACKGROUND After the fabrication of
devices in an integrated circuit has been

acconpl shed, it essa t ricate

i nterco X%‘&P? and lglgﬁﬁgnﬁjoy ﬁg ggvi?aﬁr%“eeﬁsll’@
produce a functioning integrat ed circuit. In a nodem
fabrication process, optical |ithography techniques

in the creation of electrical contacts to
TECH&ﬁEAgdﬂﬁi /draln and gate term nals of the devices
The contacts need to pass through dielectric |ayer
t hat Thapressat inyertion selpgs sengrally 1oy ystans gidpethed, for manufacturmg
devi ces. However, the materials used in the dielectric
integrited eirayits,and movepattieulasiviot syeteinaod imethog forgmppeving e process
dependi ng upon their thickness and the wavel ength of
perfortnagcd ofghtontastadodute.t he optical |ithography process. In

order to maxim ze the accuracy of the |ithography
process, it is desired to. mnimze any variations in

BACI{(E[? pz\ﬁ#ectivity of the dielectric layer. Variations
? eflectivity of the dielectric nmaterial can

resul i n inconsi stent, behavjor in the |ight used
t he ffIEHBE fRRRRHONOE 3@@%@ in ﬁ*hi"éegfﬁ%ﬂg‘i“&héﬂ? eBéﬁ%Pé‘Fhed it

can reduce precision with which the contacts can be
becomeg pecessarvigdrbricats intersparactipns hetiyaep thegjayices mpsder to produce a
reflectivity of the dielectric layer is a function of
functiotieg integrdtecbdiron sinafmedeen fabdtation prasessagicaldittiogriyghy techniques
wavel ength of the light (which is fixed for a given
can be used in the creation of electrical contacts to the source/drain and gate terminals of the
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 wavelength of the light used in the optical
lithography process. In order to maximize the accuracy bf the lithography process, it is desired to
minimize any variatidns 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 furiction of the
fhickness of the dielectric layer and the wavelength of t(he light (which is fixed for a given

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



process), it is desired to nmake as constant as .
possi bl e, the thickness of the dielectric layer. -1
One comonly 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 anari ze the dielectric layer with a
chemnj_cal - nechani cal _pol i
c hen@mom@wﬂweééw hgtup EBinimys Yeition: & waﬁle @%ﬂ%ﬂéﬁ? e
and physical (polishing nedia and surface
dielectrie dasier tulasusedu gr-danaity plasmm ehemigd] yaperi d@pqmatwr(PHDP -CVD) to deposit
Typically, a slurry (containing both chenm cal and
a dieleptmgdayea hndibbn planarige teeddielpctiis layppvitied chamigelwadcbanieah golisher
then a polishing surface (usually a polishing whee
(CMPD Thé ehdn)icalamechaniced @dlither yses clemitah &olveh) andyprgsiasli(golishing
the wafer in the process. One disadvantage of the

media Bhd Qirfa@6d) tdcBnifhiétto plinhze @ diclectrie 1dyek yprhlyy, rabﬂm@rf(b(ﬁﬁamm g
the wafer, the use of CMP can still result in wafers

both cmrﬁltﬂal%nh gﬁﬁfcagﬁ&fsﬁﬁg%ed‘i’a@'ﬁ Bpli@tola Wil hl')éhkd}ﬁﬁ@hmé’gurface

he dielectric layer. Furthernore, there can

o A D 5 BASERSE ph o
rocess can be expensive due to the chem cal and
proces;g'hysical techni ques used to planarize the wafers as
well as the additional cleaning steps that are needed
t 0 cheadisRiviMigsEhies riodbit &Y thatvehilel TR cgw e bR vel ) plaai@itdhe
di sadvantage of the prior art is that HDP-CVD Is not

wafer, Qﬁb Bk le e et BARUAYE wafel with 4 lakRUicgRRB DT PAIMBE T the thickness
devices. The inability to fill the gaps between t
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I Ces hi's can resu In an 1 nproper
dielectéircil ey%gg?tﬁg?n% ﬁ‘érea \gafAn olik_ﬁﬁ{lwgy acg\r/] e%@ I%%e%]; cetm er%genswe due to
the cheRicRER PRI zee%;u?\rqts&me SR B ) 2 heddigiona

The use of HDP-CVD can al so cause a loss in the
cleaningstenerilas gregreedaqeo @Kmssébe wefgts afierghey undergo CMP.

- A second disadvantage of the prior art is that HDP-CVD is not an effective technique
for filling 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 coﬁtact etch stop
layer (CESL). A reduction in the thickness of the CESL can resu‘lt in the inability of the CESL to

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



| ayer (CESL)~ A-reduction in the thickness of the CESL

can result in the inability of the CESL to. stop

chem cal etch from damagi ng the devices, due to

i nadequat e thi ckness., Yet another disadvantage of the

prior art is that the conpression of the dielectric

| ayer can result in the relaxation of the strained

effect thereby negating any gains in the driving

cur rfo nce s n in the use of straine

F oo rabRBE e dtemAase OT e S5 AL Tt copEesaon o thg diclqegic
that thickness neasurenents have to be nmade both

layer cpreresplbingherodgxation eiifhe siraincdreiepietheypby ppasting anyt griesia dhegdriving
that the desired thickness of the dielectric |layer is

currentygifotraanse deenth the use obstragned|techadloghe i nability to
preC|ser control the anbunt of dielectric nmaterial

r em}!}/furth]eru &13 rJlgfant ftage o n@-{i,/oe %ﬁ%sc' th?ﬁgfckﬁﬁég%Ls%rentx&% have to be

anoun rocess

d upon con |t| of the po '
made RoESCkg6 R A ﬁwsag B o B ‘38%?“% ELUGIRRS of the
use. SUVMMARY OF THE | NVENTI ON, These and ot her probl ens
dielectye ayerdp araitaipeds dhisdga sl pt the iRrBINE®, Pregitsis watal thg pmount of
advant ages are generally achieved, by preferred
dielectdertyettrinbremoves during thy G¥@rmrogesy Eat ¢xamplth theramoyniowfinpseriah
system and nmethod for inproving the process
removdakin filer GeiPqro@ks @anciepdndapomtistitorditibmotbe poltkhingevheet dinca the
preferred enbodi nent of the present invention, a
polxshlﬂy%bém}é@famvleiﬁsgEairﬁjéefea;dd witleaderic (M D) for a
sem conduct or devi ce, wherein the sem conductor device
conprises a field effect transistor (FET) and a
substrate, is provided. The M D conprises a first
t hi ckness of the M D covering the FET and a second
t hi ckness of the MD over the first thickness of the
M D, wherein a thickness ratio of the first thickness
of the MD to the second thickness of the MD ranges
from about 0.06 to about 0.90 and the M D further
conprises a third thickness and a fourth thickness.



In accordance with another preferred enbodi nent of the
present invention, a nultilayer interlayer dielectric
(MD) for a sem conductor device, wherein the

sem conductor device conprises a field effect
transistor (FET) and a substrate, is provided. The MD
conprises a nitrogen containing |ayer over the FET
and at | east one oxygen-containing |ayer, wherein a
thi ckness ratio of a thickness of the

SUMIEAEE DF qgﬂ§P¢@Eﬁ§Kh@yer to a thickness of the nitrogen

contalrning layer ranges fromabout 1.1 to about 1.5
d t t |
accor i S%Peaﬁ%’r”wr 15T Bl ash Rty v ara sl dotndy il
resent n ent for, fabricating
advanizgh ¥p ﬁ%ﬁf iSrackigvice By Pgetfisf%\ﬁn&@elmevﬁé mﬂ%ﬁan@aﬁwpg adich

formng a field effect transistor (FET) device on a -
providgs aisysiene aed Bethed s improvingdhe piReess perfaraiansa Ry aontagtypodule.
nitride |layer over the sem conductor substrate,

for ITIﬂ(r}Q <?rd£dc¥: %th%é;rglgrr%@&ﬁﬁocﬂx‘ﬁgﬁt dof rﬁéégeﬁttlavenltlon a multllayer

nitri ayer ormng a seco oXil

it G488 LU PY b biiede. g -
farmn oxi de, | ayer .over. the
comp%%gaﬁaﬁcfgﬁe&érangﬁ P g avhsggfg laprog(l%fie?@rwa comprises a first
enbodi nent of the present invention is that a nore
thickngsf; of ShenYIHP severing thei BT d & sseong thickeass pithe MIBroviesthe first

possi bl e than when CVMP is used, both on a single
thicknpssfod theaVED, areonis 2 diigknessaatio abthe fiest thidkingssi of thi I & thheecond
greater predictability and precision of the processes
thicknisswdltheddID rangéxefrgn ab@an .06 ebduit O190 aAd therNIe furthev@nipaiges a third
of a preferred enbodi nent of the present invention is

thicknk&taind gdpgth thRkieen devices can be filled nore
effectively than with HDP-CVD. The better gap fil

results in. better isolation of devices. Yet another
adv alitasgEdace ¥ithppeber RiaicE R enberiment o thepsesshtdguantion, a
invention is that the inproved driving current

multilgyer ingertaaercdielecinic EVHR) fons sumjhondvetondeviesf whereii thegemiconductor

technol ogy is
device comprises a field effect transistor (FET) and a substrate, is provided. The MID comprlses

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

. e e . - S » . S |

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



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
of damage occurring to the devices bel ow the CESL
during etching is greatly reduced. Thereby, the yield
can be increased. An additional advantage of a

.preferred . odi nen t he, present inv ion i s that .
formi: £10b froBE ARG s i o T R el g oG figth gomputing
.dielectric layer is nqQ |onger necessary. The .
o thicEReEh R ahBHOGUC KRS S oSG AR TR OLeihg sssonc oxide layer
a more rapid integrated circuit fabrication process
and @ nradMedde At a'tpfbf&lﬂ&l dnR¥dirfdt bPihe ?R:%Etﬁ invERGon is that a more
foregoing has outlined rather broadly the features and
unifolnf Rl Bl PR ARG Ml WpoRiEE igh SBH EUIE Ak kAR single
wafer a8 5 TR e, L6 g RO RE BB el Siolly FRLagecison of the
descri bed. Hereinafter.mhich formthe subject of the
procegses inyplved in thRPEESRAL VPPN | ¢ shoul d be appr eci at ed by
those skilled in the art that the conception and

spec iAf fuRhGaReitdpR B & P@f&f‘éd%ﬁ%dﬂ%ﬁt Bthe pRAé Yavention i? that gaps

utilized as a basis for nodifying or designing othe

2 r . i .
betwesh HUGLY c%‘?l?é)?ﬁgf Igsﬁ%%&l\{eﬁ{/tg%ﬁvftﬂ Tﬂﬁ’-@@’%}ég‘fqg b%tfeggﬁ%féll results in

pur poses 0 resent \ on. It s
beuerri%ﬂtfoﬁ%gd&cetshose skilled in the art that such o
equi val'ent "constructions do not depart fromthe spirit

and scope of the invention as set forth in the
appeNeeshodlepadvantafib EprEfeGeReMbodiNefdfof TidEprEX3AMhNGT ofr@ that the
a nore conpl ete understandi ng of the present

improvety @iMih©Burrean erfoifa@ valibadaBrou N e @8 of Jhafned RRAERISS) is
now made to the foll ow ng descriptions taken in

maint@GiREd unction with the :

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 yield 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
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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 |ayer and an interlayer dielectric

| ayer on the optical reflectivity of the |layers; ,
Figure 2 is a flow. diagramof a prior art process for
pl anarizing an interlayer dielectric |ayer; Figures 3a
and 3b are diagrans of cross sectional views of a

 better uxé'I ers%oo tgg 10n eatures a rad@Xrﬁ%%eg oFtthE%vreht?on ’degcr}%\é@

nari zation u Ior ar

n I oc homn n F| ure u 45

heremgﬁ S %SUF Ela ok e o oo AV@P“]F?{*&RWS%@S@ by

- or a nunber of wafers using the prior art

those s&rlkﬂav rhfm tbﬁ th Ggepsion ﬁwpeﬂﬁcpm@amezts disclpspemsy paregdily

' flow di agram of a process for planarizing an

utilized pg @basig/fer mailiéying ot desighingether stonatpponmredendes éorgaryiag eut the
vari ations, according to a preferred enbodi nent of the

same pprsendf thé pregent inventioki Iy siedd 8so bdwealingh bgehome ekitledigrtbmat that
of cross sectional views of a substrate show ng

such eyifival@ii S osdtponisotndeddpar ki the ssifit &l scopecstltidy@Fention as set forth
dielectric layer with mnimzed surface vari ations,

in the #fpeRddidimb0 @ preferred embodi ment of the present
i'nvention; and Figure 7 is a flow diagramof a process
for fabricating a sem conductor device with mnin zed
surface variations, according to a preferred
enbodi nent of the present invention. -7 DETAILED
DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS The maki ng and
using of the presently preferred enbodi nents are
di scussed in detail below It should be appreciated,
however, that the present invention provides many
appl i cabl e



i nventive concepts that can be enbodied in a wde
variety of specific contexts. The specific

enbodi ments di scussed are nmerely illustrative of

speci fic ways to make and use the invention, and do
not limt the scope of the invention. . The present
invention will be described with respect to preferred
enbodi ments in a specific context, nanely the
fabrication of a contact nodule in an integrated

i [ enhsca desire to maxim ze

InUEgF%%%#?ggﬁﬁgEﬁtﬁﬂ%bgggﬁgg§§ic | ayer. The invention nmay

al so_be applie however, ta the fahrication qf qther

o OB oI b PG of e RARER A T 280 e afvantages

desire to mnimze varjiations in_.the thickness of the
thereof ggisrance igno pededs disdallowsing descriptiensdaken in paywnctian wihiie

a data plot illustrating the inpact of variations in
accompheying flieringssingthieh: cont act stop etch |ayer (CESL) and

an interlayer dielectric (ILD) layer on the optica

refl ﬁl’gﬁ&evl' is% df ptlcﬂ%fl[h@{r%%gcft oﬁarﬁk'ﬁﬁé’iﬁ%ﬁedm&kgé’s's 8P bofitact stop

[ reflFectivity of a nmaterial used’in a

the o ca

o A R I PR B

particular layer as well as the material itself.
Howerigtire 218 @ floasigdiad ok paor Arbyr6tesh eit@RinBriziR€ an interlayer
particul ar | ayer can al so have an effect upon the
dielecRRlIhfe! reflectivity. Furthermore, the thickness of
the 1ayer can al so have an inpact upon the optica
reflectivity of the particular |ayer. For exanple, in
an i higoxgs 3¢ enfl 3 are diagrams of kespsestions vidwp etia sibisirgowith an
gl ass (PSG | ayer can be fabricated over a CESL |ayer
interldyer dieiseria tayam shavireprt aydpost plah&tatiorcudieythe pridihet planarization
optical. reflectivity of the PSG layer is crucia
processishé@n pFighens of the PSG layer will be renmoved in
order to create electrical contacts for use in
i nterconnecti ng devices fabricated in the integrated
ci r chiigtre 4padotaplotiof intalayer diglectijalayerthighaesses ferpenumber of
thi ckness of the PSG |ayer as wel| as the CESL -8
wafers wpjiegrthe prier arigflanagizationtpyocsss shiewnmstlgumyder can vary,
whi ch can lead to inaccuracies in the placenent,

Figure 5 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
3

Figure 7 is a flow diagram of a process for fabricating a semiconductor device with

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



sizing, 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,

mal f uncti oni ng, and/or inproperly placed electrical
contacts. The data plot shown in Figure 1 shows three
curves illustrating the reflectivity of a PSG | ayer
as a function of thickness of the PSG | ayer, wherein
each of the three curves represents a different

t-hi g‘:ﬁ(i Ilgylxﬁ; i 05
DETArIfejggesen S@g‘l@l\lt ua |Lon eTrI’giE;]EM?&)gI @\E’YS}S 20 rim
(nang-neters) in.thickness, .a second curve 110 . . .
Fopr DiRpghEAnd Bing irOHY RRGPLT AT “eaieats 3 dispusted in dewl
thi ckness, and a third curve 115 represents, )
below Kt EGRIN BARRITE I IO S hespresenl IPRIDR PCidek miea applicable
Clearly, the reflectivity of the PSG |ayer is '
inventiygsencsetstthal sainbe erabadigddr gagde wariety pfesp panjexits. The specific
However, the data plot shown in Figure 1 shows that
embodiments Hisckssaslsae nlerd hidlu@Esive of speeificoeays hemekesand use the invention,
significant inmpact upon the reflectivity of the PSG as
and dovedt llimifthe s@panpihe inveatior. he t hi ckness of the PSG | ayer
be 400 A (angstrons), then the reflectivity of the PSG

| ayer. can var fro roxj nmately 0.025 (whep the, .
CESLTheprsssntiantion k*gﬂl e descgey ‘méﬁpqch@ Regfared etgimgpes in a
_thick) to 0.005 (when the CESL is 40 nmthick). Wen
specificigentest naeely thetfgbrisptiomef ssontackipedule inam integiated pirevit, wherein
dielectric layer) can vary wdely as both the
there it adesiiedn makinikeplahdrizhiiese acficledide Rg@. Thymrverdiod nidyalso be
t hi ckness of the CESL, it can be difficult to achieve
© applietl fowdea toahe fabrcativa i othenlayss imganphepatddicilhaigwagbin thae is a
create the openings in the PSG |ayer to fabricate

desire @ RidifiA&MarifUk ACths thilnks dfftie legdid.ectivity of the PSG
| ayer w dely varying, it can becone inpossible to
predi ct the behavior of the |ight beans used in photo
| i t nWithapfeience nosy wrkdgwe 1; thergds Shopin astatapiptdllugrating the impact of
preci sely place the |ocation of the openings (or
variationhiarthgothickhesa bf ¢ bentact step etsh llaysr €eletl) and e interlapiet diedesttig (ILD)
in the PSG |layer. The desire is then to planarize the
layer dASEe bptical refisctivity bbthellyyeess Ap dissudstdprtdondlyithi gpeical reflectivity of a
variations in the thicknesses of the '
material used in a particular layer can be dependent upon the wavelength of the light being used

and fhe thickness of the particular layer as well as the material itself. However, the presence of a
layer beneath the particular layer can also have an effect upon the optical reflectivity.
Furthermore, the thickness of the layer can also have an impact upon the optical reflectivity of
the particular layer. For example, in an integrated circuit, a phosphorous-doped silicon glass
(PSG) layer can be fabricated over a CESL layer for use as an interlayer dielectric layer. The
oprticéVl:réﬂectivity of the PSG léyer is crucial since pb;tioné of the PSG layer will be rémévéd 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
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-9 layer. It is possible to mnimze thickness .

vari ations by maxim zing surface uniformty in the two
| ayers. Note that the discussion provided herein
focuses on the CESL (an etch stop layer) and PSG (a
dielectric |ayer) |ayer. However, this should not be
construed as |imting the scope of the present
invention to these two |ayers. The di scussion can be

ext epded.to re than two | ayer i t hout changing the
tayer, G5 e N0 SRIDo S OGHANT P gie VIR ca 1 IorsruRce R Hlgrement,
. Figure 2, there is shown a flow diagramillustrating a
sizingpdgply, apd o fogthend depopigmms pbthedISShlaysr Bt i beremened fadhe

| ayer to help mnimze surface variations. The process
formafig olCtha coradisend nossibly deadingriel npllfarmagd, melfukmsioP®e and{psimproperly

(used as an interlayer dielectric |layer) over devices
placed dbatiichtadacdn a substrate. The process 200 can begin

after the devices have been fabricated on the

substra n rior_to t fabri cation,of . ..
"t orh e AR R Ere |'SyiP s Sk feurating thgsefisctgity of a
have been fab ipatedgg& éhg substrat.e, %S%ESL can be
PSG lasp as 7 fungtion, e thickresg el the 83 G lpxsr.oriereip sich of fhie thescuryey,
be used to protect the devices fromthe etching that
represgith b diféasent thigkness (i adftidntay¢raAriirstapurverl 08 rensesenton sbuation wherein
CESL has been deposited, an interlayer dielectric :
the CESly 820 nfit (rpinc-aleteys)urs thicknB S sacomd ¢ueven bit0i represents a situation wherein

undoped-silicon glass (USG ), is deposited onto the

the CBSIbBt30ainein(thickedss, 208 h thiddh@iraeteio b presents@fsithidtidbn wherein the CESL is
interlayer dielectric |ayer can be nade using high

40 no8 RfibknesP CRERR, 168 RiTle6ity\GTRIRY PSIB RIS it dependdiPRp oMl thickness of
techni ques. The HDP- CVD techni que (and other

the Pslf(i‘ﬁg/éﬁ Pﬁ)gg{;/bét e H{&% g%ﬁ%@i& 'rllfi’déehr?g ! glgbg@ﬁhﬁ il BRRRSS ?f‘?he CESL

onsi dto by persons o

layer (\%rnﬁ}iagc% % %’igx‘g’)izliczllnléiitiggactt ngdﬁhé re?fectgxﬂ%hog WY a%i WYE @’to;f' Q{aﬁfé‘}i‘e‘? let the

uss ereln. aeep03| Ion O

.. interl dielectric |gyer. can occ Ln t . In
g UGS SRR B o BB B i TGPy i vary
interlayer dielectric _layer is Lp fill in any existhg
from @gﬁg{ﬂg@tpb@é}% (when the CESL'is 20 nm thick) to 0.015 (when the CESL is 30 nm

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

When the reflectivity of the PSG layer (the inferlayer dielectric layer) can vary

| widely és both the function of the thickness of the PSG layer and the thickness of the CESL, it
can be difficult to achieve the desired 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 béhavior of the light beams used in
photo lithography, therefore, it may not be able to preoisely 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
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devi ces. Since the devices are three di nensional,
val | eys (gaps) can be present between closely spaced
devi ces and unl ess these valleys (gaps) are filled,
electrical charge can readily travel from-10 one
device to another. After gaps have been filled in the
first step, a second step can result in the
deposition of an interlayer dielectric layer with a

ayer. 53¢ B BRSBTS by Mg B HE SRS yitormity in e o
fabricated.(bl ock 21 t he .t hi ckness t he

taers, g TION bR RN GBSk L ) Sendaver) and
215}. It can be necessary to nmeasure the thickness of

PSG (a diglochitcdpyea)layer dilewener-this shopldpotbe serstiued apliaifing the spope of the
due to the relative inprecision of the HDP-CVD

presen inygpiia totheserio lapers bldheslissyssinnecan de getenqled tte mprethamiivet layers
the thickness of the interlayer dielectric |ayer

withowti chpiging the spighoftthep@santimvengiont i me spent in the
deposition process, an actual neasurenent of the

SO
i CRABAEIeBro NS i 2y Brreas RS T Higl Husspdagarior an

to determ ne how 0 the interlayer dielectric

nuch of :
process 20 forplanguzatign gthe & 561 layer e help munimizg susgedvariations. The process
polishing (CMP), which is used to planarize the
200 conrhearsedipenlacd jond plenarize thesR&G laypy @esd a3 20 jnterleyenidiglecisis dayer) over
earlier, CMP wuses both chem cal and nechani cal neans
devicdsdalpmhied lon flvebstratee Theaprecessi 2@ entbepin aftaythe devicgsdbvesiveng
slurry, possibly containing both chem cal solvents and
fabricgted bisthie Rgbsiramdiafd ptiddto i Apidation of mtdrétmnedtivhe (heayldyer(s)). After
dielectric |ayer and then a mechani cal polisher,

the deV 8N 159 b¥enXahfatedon ke 3BSEAte, ATCERE! dan beMREORBA 6@ khe devices
polishes the interlayer dielectric |ayer. The anount

(blockgi;ogﬁ’.g%k THN %afi B0 ul 16 Eﬂﬁ&g %tdevﬂdgkolg?rﬁ g ert&ﬁ‘x% ¥ SRR cur in

brasi veness of the polishin lurry, t
b BT UEE R g FESRIR, B P80 15 D e
comiedRtitie 590 BrEmaySoiy i Ermgn e R S enehi onto e
st 5o O LSRR BT Gk ot i ieh-
densit? ];)latsr?xg chemical vapor deposition (HDPQCVD) 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 any existing gaps between

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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CWP process, an advanced process control (APC) may be
needed to achi eve accurate results. The APC nay .

i nvol ve accurate timng controls of the CMP process as
wel|l as control over the polishing slurry and
measurenents of the thickness of the interlayer
dielectric layer. Additionally, the APC can take into
account the anmpunt of tinme that the nechanica

one d&%e t§ Ia%thér fhﬁetpgap ﬁmeri)gen ﬁ qﬁxlt ﬁl%{ %ER‘; lﬁltrs]%cog?%ep ?rgrpreisﬂt in the

I nce ast

the urr has been.in use, and so o
deposiifiof a%wt%ﬁaYFfrfﬁslﬁ?*gﬁfaysre% by & SO ks o0 Byl pner fiusand A.
i sh n. dep n t he nDun r on t

After ﬁ’@emfsﬂfryeﬁ el&sﬁrﬁc Wé ¢ haspegi fabrigate wiochmzﬁ& drd lcgtresa”» gifde

of the polishing slurry. Even with the use of the APC,
interlayer @iglgctpe 19ver ean| emyﬂswdf fbileali 21 5). &t cap banegcasagy tormeesisese the

the anount of dielectric material that has been
thicknegsmd\tledinferlaynr tdbedectrint laydr dypasited plewiotsly dud taythe relative imprecision of

Therefore, after the CMP process (bl ock 220), it may
the HDR-(NER pR®esylt iy @oCle: mgsible toredegjustelytphalict thu thickass odihe

the interlayer dielectric layer (block 225). In
mterlag'@lddlél'e&ﬁc 19eV@iblythidggh the ahlduftdTeme Pent ih R dePdsBidndF6dess, so

el ectric layer and naking sure that the thickness is

an acttidlnHaburSIR 'offﬂfé%ﬂeﬂé;&%r ?1'ﬁfetcﬁ§){aye?kes%f3c&§ar9033| ble to

neasure the variatli I'nt ayer“dielectric
| ayer. After the interlayer dielectric |ayer has been
pl an®hé thindness péthe alseilayat diolectoit laylerisinaeded tatdeemminghiw much of
can continue to conpletion. As discussed previously,

the in@dilszd drivcagdsyephedda ¢ prremessd W0 Ghemiyalimeharded] polishing (CMP),
thi ckness wvariation can still be significant after

whichGMrse t@pRAdrZ8 thedftef bl BiekechRTaybi(B166M220y. A discussed earlier, CMP
approxi mately 10 percent), the gap fill performance of

uses buhech%a% 195099:95&1 neandBipo& the 43Qhyer HOBREEE lag@ﬂﬁg;%hshmg
and ultra-viol et damage can occur to the CESL due

slurry1 é}b%mblgp 8%{1)1 rg]l%flfafeﬁlé&? olv%\r[l])sg %n?f)g 19{ ﬁ%ﬁ%@ cai bre %ﬁ% to the

interlagfgro GielRSric ?ayer 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 th¢ CMP process as well as control over the
polishing slurry 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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be expensive due to expensive materials and nultiple
process steps, the thickness of the interlayer

di el ectric layer has to.be neasured both before and
after the CMP process in order to obtain good ,
performance, and the conpression of the interlayer
dielectric layer can result in the relaxation of the
strained effect which was purposely, applied to the

sub ate to obtain.better -.drjwing current s
wheel ey hikiien B2 e MLt e o 3ihestette nyfighine
3b, there are shown.diagrans illustratjng._cr.oss )
slurry has beproliseAne s o L s &) §fma?réan&ﬁ%?%%eﬁ%%feﬁﬂv%mﬁ A dhepplish
device with an interlayer dielectric layer which is
can depdngdon thir amepagobuerr op thayaeshanical palishghes welhasthe fregiengy of reuse
pl anari zation process, such as the process 200
of the mhilispingygledryi n Figure 2, is used to minimize variations
in the thickness of the interlayer dielectric |ayer.
Figy.e 3a.illustrate .Ssubstr 0 optainin .
r abr rearan el el Aoz ool By R R IR R Fpredict he
amoun) SRFPRERE 5L 5 DRSS P e g N BBl e
poly-silicon gate 320. A spacer, conprised of an oxide
Thereforggifisn e XeMB pepcess (Block 820, 1hmay b aeqesgrivly ongeagaiymegsare the
used to effectively control the channel |ength. The
thicknespatée intentnyendislecttie layef @tackd2$)o Inaaslddionitg yerslyingrtheathishness of
A contact etch stop layer (CESL) 335, applied over the
the intdriapen diclt@rdc theet and makang doee thatsheithiokingss ésneithin speeifications, it may
propagati on of an etch from damagi ng the fabricated
also beGR¥$iBI8 to MBasury tBE @jtion irdihe irteddybCdiblopet 1a340 AFRPtHe igBrlayer
be deposited over the fabricated device. As an
dielect BRI 18is bbéh Fad¥B9S], he thERaliSRES RS RLLAE Sifouit can continue to
phoSphor ous-doped silicon glass (PSG or undoped
i | icon glass (USG can be used as the material for
cOmplet%ﬁ’%a"interlayer dielectric | ayer 340 and can be applied
via a high- density plasm chem cal vapor deposition
( HDRAsGInssed presromisly Nbisaglvertages diithe poocts$se200 miaygnclude: thickness
di mensi onal properties of the fabricated device, a
variatiéh¢hn s Be BippifieentRCSENIP plahatihsion (tivith b ay@aniformity of

approximately 10 percent), the gap fill performance of the HDP-CVD process is not very good,
charge damage 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 expeﬁsive materials and multiple process steps, the thickness of the
interlayer dielectric layer has to be measured both before and after the CMP process in order to
obtain good performance, and the compression of the interlayer dielectric layer can result in the
relaxation of the strained effe‘ctrwhich was purposely applied to the substrate to obtain better -

driving current performance.
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dielectric layer. Note that for purposes of

pl anari zation, the interlayer dielectric |ayer 340 can
be applied to a thickness (shown as span 345) that
may be greater than the actual desired thickness

since the CWP process can result in a reduction of the
thi ckness of the interlayer dielectric |ayer 340. For
exanple, the interlayer dielectric |ayer 340 can be

appl to a thic SS O roxi mat el v nj.ne-thousand
o PR o BreBe it KGR et e B Bt e Tty TG e cross
. view of the substrate after CMP, planarization is ‘
sectiongl X{FWg @4 2 syt SPEHNES bricard denfee P yarnteriayeediclepiic layer
~ layer 340 is shown to be -13 successful in
whichd$ shewmare :prgi ngg‘g-@ignag@@thn@“@prgxq I @g)plqgrprqqtg@n process, such as the
fabricated devices (such as the bunp 342 (Figure
proces3aPY displayediedingre?, is heedpo mimhiizegraghtiansén thatleckneyeof the
dielectric | ayer 340 has reduced the thickness of the

interlalyert d¢lba@nietayeh. Elgact 34 itludtayee i sBébrateF306 conmainiige, fabiivated device
interlayer dielectric |ayer 340 has been reduced in

prior th PlabkinRHSn. TR MIRRAQ ¥EVIEE & rmbm%etim%m@/dﬁird@mmm 310 and a
approximately five- thousand A (shown as span 355).

gate te}jL\Hrﬁl 56 %ﬁtﬁ%@?lﬁﬁ%&n%a@ & S?Saceh%gf(r)lﬁri%)ef?] othaR Mﬁdg )r/eeg_rion 325 and

I agram i rating a data plot I nter
e di tri. i e [ S.
a s1hc<$er§kf & tréaéx pII‘ %?(X z%)rbﬁ%k%%b %ﬁegﬁv{lg co) ngﬁgt%%nng{qleyx@ﬁefhe spacer can
1 bin erla¥er dielectric layer (such as the interl ayer
also byjeliried e pyan IOIAHONMBR. (Fi gure 3b)) after CWP
pl anari zation for several different wafers. The target

t hi cXresact@ichtst) lhytr eCESY)EN3S, siptk&6ier kit thiatedfdevics,Ran be
wafers shown in Figure 4 is five-thousand A (shown as

used ti6j g:?:b&ﬁl tl{bgirbﬁz%gﬁ(ﬁi of dnleft§ AP damdig MR ERKicHdd d&idBKh rﬁ‘[lg?sllayer

erlayer dielectric layer thickness of approxi nate

e A SRR R A, AL Ll BYBh n
e R0 P SRR e oy B s o
be useg ggf}g%@;ﬁ rquf@{ 1?1%517;}%% d%lqrz%muerpﬁg Iau(l: Qa%%% a%lie?ﬁv?g a ﬁlgh-
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 interlayer
dielectric layér. Note that for purposes of planarization, the interlayer dielectric layer 340 can be
applied to a thickness (shown as span 345) that may be greater than the actual desired thickness
since the CMP process can result in a reduction of the thickness of the interlayer dielectric layer

340. For example, the interlayer dielectric layer 340 can be applied to a thickness of

approximately nine-thousand A-, - | »

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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t hi ckness of 4600 A (data point 417) was found, for a
t hi ckness variation of 20 percent. Cearly, .the use of
CWP to planarize the interlayer dielectric |ayer does
not yield very good results. The resulting interlayer
dielectric |layer, while snoother than an interlayer
dielectric layer that has not been planarized, retains
significant variations, possibly enough to result in
. f 4 cati f [ I.t h
succesp i AL SR 8he BBl SRR BERS alfioed gyoh a the bump
i a (1 lustrating,a .progess 500 far pl.anarization
a2 g RSO Toubsiyks e RSBk PERE Tydtovet SRS iR S eauced te
.. surface variatjons, according to a_preferred enmbodi nent
thickngys of 1@&63@@}5916?%\?@ e ﬁgo-ﬁmﬂragwl% Shaipierigyes diskestrrgayer 340
(di scussed previously), the process 500, can be used to
has bepn gedacedrin thiskaessrfrone appioxipnetaly nipethoysasd dedowito-aparoximasely five-
above fabricated devices to help mnimze surface
thousand A (@bowonss sphinB¥)t hat in the case of the process 500,
the interlayer dielectric |ayer nmay conprise four

| ay of. dielectric material.. . Furthernor it can.b ’
pos i Eeipisnial Ll His i tr e i dFErrR yBisuntine i plot 400
. changing the spirit of the present invention. The
of mte&%fé%&fé%%d% Friggeses i adunibreolpafers ekherflaipd il shows the
. fabricated onto a substrate and prior to the
thicknesgiof pe iteriaperaticlpqitieloyerr pecktas dhesinteelpyes diclastric layer 340 (Figure 3b))
connectors) between the devices. After the
after (B plaparidation fof s¢vieml didlerant svaleas. ChStarged thidmesbef tisd inedayer
over the devices (block 505). According to a:
dielectpic édyer foe theamdfad isient indfigirbd ipfiesthotsandieBlidvanas dasied dorizontal
nitride (e.g. SINX, x is |ess than about 2) can be

line 4059.5%r a&fdr Fe, LaSlimuAYifterlapd deddtiiRElapt? BAstHeS ofépprddimately 5600
ei ther | ow pressure chem cal vapor deposition

A (dat% E@‘@V@ afd a RlifsR iﬁé&h%&i%@l&ﬁ%‘% |thi¥l@ﬁ9§ofq‘?gx%§irﬁa{t 04700 A

t echni ques. wever, other materia can
I d t .
o A 2P NOYEL P 390 B B bgppppety o
A, or Iﬁpgegcetg{j ot V% = J#f )éerr{axgrlngrln 1%121{3(533 cl)fa.%s{) A((%gt% %Io{nlt ﬁﬂ)la}{d 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 illuétrating a process
500 for planarization of an interlayer dielectric lgyer to’help minimize surface variatiOns; -
aécording 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 interlayer dielectric
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relatively inactive to the etch material) so that they
can protect the devices and the substrate from the
etch material. After the deposition of the CESL, a
second layer of a multilayer interlayer dielectric

| ayer can be fornmed on top of the CESL. Initially, a
first interlayer dielectric |ayer can be deposited
(block 510). The first dielectric layer can be used to

specifically.cove he .devi whi-ch are .l ving an
er fa&fw%tﬁ%dééa%g 14 gﬁlé W?wﬁizejﬁﬁé?e a8 R iy B oo
in.a s bet ween evices on the substrate, .
processgltof el B F 1 reCRiay g Sul Tpk of et i,
dielectric |ayer can be fornmed using undoped silicon
Furthergqog-S g ceqﬁ@osgéieﬁ@ uge %blgpmm@f p%lamr@gng?lg changing the spirit
deposi tion technique (SA- USG or an atnospheric
of the ppaserfdufreatiofeposi ti on t echni quee( AP-USG). After the
deposition of the first dielectric |ayer, a second
di e j 1t .
seooRepahGr oY Bh SR e 0 CBASISHE both Fkjeatbr by ifpscac
.a signifjcant. . -15 11 surface ,irrequl arities that.
and pricf 3 el G Y ipigrepRascipdplofi Bp s tedt gisefviges. Ater
bunps due to the opol ogy of the devices present_ on .
the fabrtqaaorsafbtﬁ% feices, aﬁ%%éls & egpsicd overthe deyices Pl&%rk Y)é)- According
formed using spin-on-coatjng deposition such as spin
to a prefired embadipsua)! thepmssntiiuention; dhconadtride freg SNt xd lessiban about
use of centrifugal force to help uniformy distribute
2) can HehwseddiseheCEBL daynnaraglrdan be deposisd usire eithéddoweammesso@mherbieal vapor
made from USG. This can produce a dielectric |ayer
depositioh (P& VID\ver piisina ehigancéd chemeativdpot Bepokines PE-SVIY tedhhiques.
formation of the first and the second dielectric

Howevéra¥BérSmathi ¢ & be BePdddhSEBIL layer AHBSAaNR ead suffioRntly
t hi ckness of the two dielectric | ayers can be made

d
differenk gltt@ﬂ}é_e@%%zﬁe tl &gh‘dqg Blek the i%ﬂm 9{5&%&%{1@6@ gs?)ea'ﬁgﬁqlg;ﬁ’ley are

erm ne the I cknesses of ric ers

relativeaJi iéi%gic %/ todt?lg gt%b %%gerﬁﬁ%o'i é ﬂ}%&) %é@nﬁ%c&%‘?%&? gH% ‘r;hl% r%bsttnﬁ’g from

rrc materi al ‘nee eposli

the etch material.

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 oh tép of the substrafe. 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).

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 significant
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total thickness of the nmultilayer interlayer
dielectric layer to a desired thickness. After the
nmeasur enent of the thickness of the two dielectric

| ayers, a third dielectric |ayer can be deposited .
(bl ock 525). According to a preferred enbodi nent of
the present invention, the third dielectric |ayer can
be used to bring the multilayer interlayer dielectric

T S T O T A M
b i.ted [ E- .CVD i ' ' i th PC. .
oo RIS BB OGP A e s i

. the _thjckness of the material deposited using the
spin-op-geegisROTUGT Weh acwhin ot g (pPERichEguesaduch kissrbengfiiof the use
anmount of time the technique is used, the APC used to
of cenidpgal firce todicthapiiormlycshstabute He didotric matertlaetoss thevepfesrand can
can be based solely on the tine that the technique is
be madesigen UNG. [Thisefae perivee adwletwichayguwab abaw tvimiasioghn 6egrall thickness.

there are shown diagrams illustrating cross sectiona
el BT i SO P RS B SRS FRo T s,

interlayer dielectric layer, wWrein the fabrjcation of.
a measuFrane Pt the Hyeimesy %ﬂ@rwﬁﬁeﬁmﬁa@% FEbq ‘H?‘%r(b}ﬂc%é@l@eé thickness
an interlayer dielectric layer with a | ow degree of
measugairenhmey bg mapeto @t@pméh%ﬁlmin@msmf shegefdigleastc layers already
enbodi nent of the present invention. Figure 6a :
depositdd| and to ddtersnize hakémedbeibreatiele@08 maietinl eedetvibe eep@ited to bring the
fabricated on its surface. According to a preferred

total ttckmesh ofeind multitaythiteplags didlectrivieydr it@n desireé thieknie sse AGr7the
may be a netal -oxi de sem conductor field effect

measufdnABbEthe thidkdMeSRFIEThe 68 i€t falers aGRik@dibRBEI Myt cdrfedeposited
than 130 nm However, the device 607 may be one of a

sk S8 Aty Bl oy i RERT Mol g

layer c?’ﬁé? u?e\?m(? }égl{)%{hlsei il g{ﬂg{’% ir?trarl r Eigfegtri«t: Ii]a%)gr %Oagdegmd t’g\ll%ﬁcﬁess ]and can

evice 1S shown-on the surface O
0

he supstrate 5, I.h pract| t substrate 605 .

be madd ik PR s dopeti el PRSP 56 o1 VS 3OS 4 Erbili sine PE-
ith | linm.t bei det i db

CVD i%mconjugcgiolfll%tehran AI% SinceeI tﬂeg PE-%VeIS {gcﬂnelque éﬁm 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
formation of a multilayer interlayer dielectric layer, whterein the fabrication of the multilayer. ..
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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the size of each device and the total surface area of
the substrate 605. It is not uncomon for a  substrate
to contain tens of mllions of devices. After the

devi ce 607 has been fabricated on the surface of the
substrate 605, it becones necessary to provide

el ectrical connections to and fromthe device 607.
However, electrical connections cannot sinply be

substrgde%ﬁg qllt?lrgi cfegﬁg I867 Fmﬁczq 61? fts su?ﬁ c&deméft% ? hg%&t d embodlment

rlayer a er nee
of the gfe&?fg§¥V65 fi® B R0l ST nBy BR b e ﬂXécfétSFﬁ?1§°§f13U€§°ﬁ ﬁ%@iﬁfﬁ?ﬁ%
ansi gy NUORTIONov F Bilfa Et antmgﬁfeésf‘t o ERein dfoveg egevice 607

creating the nultilayer interlayer dielectric |ayer,

may bgene pf 3 Wideyapety e dﬁfe@SEeW%w oF MEISF g avith afler gatgilengtisn 7
(as discussed in block 505 of Figure 5). The CESL

Furthdranpesy, the MOSBERT behouldhesé areeveralbireight of suimoterthare2®@08n. ate that
the device 607 using a LP-CVD or a PE-CVD process.

while Acingledienige iscshawp ba tler suefdcesofiladsubrtedte 605, irhgractjee athe mibstrate 605
i nvention, the CESL | ayer 610 can be deposited under

could biendrbdr ONHANGees BbRichte @B its bultface, SHBSAn per 166 b&iag d&erntifled by
an environnent with nitrogen gas with silicon atons at

the m%eotf CARREL R Eﬁd the 39 fefade 287 TR LBsterOs6He gt"l?ﬁét upcominon fora

'sius, the depositiop pressure can vary fromo

S nla) can be present. Under
Subs“?tﬁgo (Fﬂ&%%% Hgﬁlfg%nsf(j resulti ng CESL | ayer 610

can have a reflective |ndex (RI) of 1.90 to 2.05 for
|'i ghhfred the devi€e3®) 7rivas beenehlerivgteli oanlt: sarfRbe ofile 0ibstPatd 603, i
2.70 for light with a 193 nmwavel ength and a

becon¥e h6&BIaRER pRbvilyEeaged coaretidg té fiinfrond thel d@vide 6OR HRRlver,
with a step coverage (a neasure of the ability to

electrﬁ&’l\(:%ﬁnééh&?s@%ﬁd? g Jll? Be hﬁcédhﬁ‘q top HPHE t&dike, ﬁ%@l& rn‘ﬁﬂileiQer

. to 100 percent an i ckness from 200 to

o LB 08 0PI AR 0 A0 8 e
SN T RN T A —
to fabr]igate the electrical connections. Figure 6b illustrates a first step in creating the multilayer
interlayer dielectric layer, which is to 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 at a temperature

~ ranging from 300 to 550 degrees Celsius, ‘therdepqsiti_op 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 a reflective index"(RI) of 1.90 to 2.05 for light with a 633 nm wavelength and a RI
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to 1000 A. The strained effect can be used to inprove
on and off current performance and is considered to
be wel|l understood by those of ordinary skill in the
art of the present invention. Note however, that the
CESL | ayer 610 can be deposited using a wide variety
of conditions with a CESL layer that is functionally
effective. After the formation of the CESL | ayer 610,
i ' [N~ f ' .
or 2,108 2bibs SEAERELTOE N FIoIHER 8 clpdfepn e b i BNEE ngie from
Ll lustrates a second,step in eat.j.n the ,mul til.ayer
10 to 29 e G S e PRGEHE & mipure ofihf RifiP 3o poyep pitawtiph¥Sh the
first dielectric |ayer 620 over the CESL |ayer 610
substraw%afrg@ﬁé’é%amﬁ Perpfih end %g‘W@FSSrfroga%@ 1800 Fn@ayy aspan 615)
dielectric | ayer 620 can be deposited over the CESL
and a npgryiaorgn(y af d4sh glag twaperckd Bie thickmesewizhe C5SEdayer 610 should be
According to a preferred enbodi nent of the present
dependemtwpnt & oequirethentfolf fetstrdined effeat prd ¢aayheve 6 tickingssmardsing fram150
USG can be deposited under the follow ng conditions:
to 1000t AcTisHnained tffedd 0dn IBauset @ infprove ddrimtl offumaBht peefom i hitlis
tetraethyl orthosilicate gas (TEOCS) at a tenperature

considédéd lodeswellNAberaP0d 8¢ HoBE 6f Srdintiylkill Withdlart bﬁh@{s&_&%ﬂ ffefon.
oxygen. Under the above conditions, the resulting

Note h(g\*é{)v_%%, itlﬁt ﬁlaeg?:ffﬂ'ﬂ ﬁyér@l_@ %ﬁt@ﬁ@%egg;ﬁﬁdp%\ﬁg gsgﬁ@urw %f condiggrrls with

Ities wt t onthe or

aCESIgi:%%rta)(ﬁtQﬂ”u?{%%isrlHl}g Ofp.pLerial 320 (Figure 3a), a low

eSS on the underlying structure, and a
t hi ckness of approximately 2500 A (shown as span
625 A fiedthe foracikun efthe CESLHeyek bt G ta fitstelidedtiidc Ryéra2o bf he0
can have an upper limt. The upper limt upon the

multilayétiifiNBLs diefectiidgaydt Sdneel foirfied. Bipare B23(ustiatek ABedoR@s@p iPdteating
area (shown in Figure 3a and is conprised of the oxide

o 3 A L0 A  SAAANLT o

cust. BBty P GBI AU B 2 e A0 O P e

T T R TN D A -
preferreod gmbc}dg)mgit ?)9 the present invention, the first dielectric layer 620 is made from USG
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 presence of oxygen. Under the above conditions, 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), a low overall film stress on the underlying struc;ure, and a thickness of
approximately 2500 A (shown as span 625). The thickgess 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 Figure 3a and is comprised of the oxide region 325 and the silicon
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(CESL 610 to first dielectric |layer 620 thickness).
The material used in the fabrication of the CESL

| ayer 610 can have a given dielectric constant and a
given reflectivity index, denoted DCCESL and RI CESL,
as should the material used in the fabrication of the
first dielectric |ayer 620, denoted DCFDL and RI FDL.
Not e however that a first dielectric Iayer can be

nvide PR 17504t 8915 L 8 AR S kieRlLof DR LB RAT 2t riewre 30

\ nt functi.ona After the fo n of t
and 505% 1y Sigfidinge (48 fea’flg’ygwh%&"?& cageh U (; 6P el B5
be forned. Figure 6d illustrates a third step in

dlelectE? lé‘é(?li 479 cemee ﬁ‘lﬂsfrﬁlpﬁfi/@r aWngé‘rth‘é knsss g ranging fgom 9396 to 0.90
which is to place the second dielectric |ayer 630 over

(CESLt618 té firss dickdcsicdaster p20 thipkaessh e material wsed ésibd fabirigatisinodfithe
515 of Figure 5). According to a preferred enbodi nent

CESL bfyert 616 cpn baent givamvwbieltdtoncortstaat arslecgvon rdfledtieity irdex,|dayeed
630 is made from USG can be deposited over the first

DCcpsidarl Fietst J 8 sh@)é therdleridl betign eheSiBbrivation of tBS first Sfettric layer 620,
techni que. The SOG techni que typically involves the :

denote@ﬁdpblf:ﬁ{d' a0, ONotedhoWRV & thatla flr§iWdledc Byetichih 68H&0Sited using a
| oxane) onto the substrate 605, which can be on a

|
wide Vﬁ’f?%ff G ecidRtons AR BE Mg HRE LRI Bin @ JhtEialifbiuivalent
tribution of the material across the surface of
"substrate 605. According to a preferred enbodi nent
of the present invention, the second dielectric |ayer
630 Afeen tHedfoheion iof @ flistditslectdelab@) 4 wobmidicletrie ldyeO6B%: can be
a silicate or siloxane material is used for the
formed® F%ﬁ?d &ﬁllQJtraEelﬂ e tﬁl?&ﬁé]ﬁmdirﬁtlﬁg el Iﬁulhﬁ%’&rmteﬁ r di@!ﬂz’cﬁﬁ lhyer,
pp .

ied in aliquid formon the substrate

which ﬁlfp g{a E&ne s&Qnd | bRleeMeNa e}%? 630 &k ?neoﬁd‘st &Q&é’éﬁ@ﬁg ng cﬁQ:lesed

utions per m nut may undergo pre-

in bloc 5%: 6 Fsl ISEA crgzoradl nﬁ)?{f@% mb At OEt S%résgnt%%‘gengon the

gt ees'® i‘Usant |ng pFoCessi‘n
Secondﬂ’ieg?ﬁ?ré@%?%r%ﬁa il ﬂeﬁcé%?ﬂrl{e&‘e@?}s? e et Jidd aver 620

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

funcuo{lﬁl

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 dielectric layer 630 can be deposited under the following
conditioﬁs: a silicate or siloxane material is used for the creation of the second dielectric layer
630, which is applied in a liquid form on the substrat¢ @05. The substrate 605 is spun at a rate of
between 150 to 500 revolutions per minute and may undergo pre-baking processing with a

temperature range of 80 to 320 degrees Celsius and a hot-backing processing with a temperature
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t hi ckness of approximately 500 A (shown as span 635)
and a non-uniformty of less than two (2) percent
while the overall non-uniformty of the nmultilayer
interlayer dielectric layer (conprising the CESL
| ayer 610, the first dielectric |layer 620, and the
second dielectric layer 630) is less than three (3)
percent. As with the CESL | ayer 610 and the first

range ? @0%8 Elgd) gegége% Rlels ?‘?soThé% Jé%lﬁn%%egorkﬂ?di@iﬁctriﬁ Pa%r 61J>O'rcq}1 :il?n\Pe?a

secon ielec ayer
ticknp§ Lo gmalei @”4”&5%03%%? ey .%ﬁn?i%rfo%%f& “%a SR than two @)
perceng Bgihesn SRl @opunorgliD:of i BU e Sptedate: reuIs ks deqmpprising
e g DA e 55 S gl S s S s s
three (npbredne Avoudibc GESL douter 660 by 66 I0Ieans 1630 628 herbesn be an
optimally constrained to being 1.1 to 15 tines the

upper lilitoknessecodd ditlect@EBlye6d30, withehampperlimit beiug €t the sum of the
fabricate the second dielectric |ayer 630 can have a

thicknEHs¥EST thd €ESIC 1aybiC6 100 gt ldicdettidlaydr 620 emblithe de¥or ddH&Xctric layer
denot ed DCSDL and RI SDL, - respectively. According to a

630 bagﬁgenlfegftﬁﬁﬂhs Hagm'tdgggtspolﬁ&nwﬁ ot SRERH thiBY.A1hE0 A tiRE first and

Ielectric co and the reflect|V|ty I ndexes of

the secgng F[Qetc?r{c 1 e‘f‘s éﬁ)eagg &56 g%e g&%rdelré’aytg rba ﬁxglet Jigleét il ﬁl&er made

ric1ayer the 'secon ctric
oo 0 i AR 2 0 c*%eﬁfiage%@ew &0 can
a second dlelectrlc Ia . can be deposite i.n the

be opttr@eémpa%@gwaﬁmb%%bﬂ Q1 fiaihe ek %@Eﬁﬁﬁh@ Thg gaterial
SOG technique with the resulting second dielectric

used t¢ Eapeigate) thgiserpnd dielackic layas §89 Fanave g givepticlgctriqgenstant and a
conpl etion of the second dielectric |ayer 630, the .

reflectowityrindelx, ddnoel MSs;. dralRkspio fespedtizelyrud cdordigeto 4 prc%rrbcbymbodlment
dielectric layer. can be neasurgd (as discussed in

of the pleséit irbvafkicaf, theidiplecricdonstais bhd thh eefleetieityr indexet obthe nfaeerials used
thi ckness of the nultilayer interlayer dielectric

in the CE¥ENayet B0, ithi fknpgsctri©fayer 620] drd thk kc6fd diblecttiayser $HGhould
can be det erni ned. Accor di ng to a preferred enbodi nent

have tﬂef foilB@mg relationships: DCcgst, > DCspr > DCrp1. and Rlcgst > Rlgpr, > Rlgpr. Once

again, a second 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 Figur-e 5).
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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-20 present invention, the third dielectric | ayer 640
can be used to bring the overall thickness of ‘the
mul tilayer interlayer dielectric layer to a desired
val ue. Therefore, the thickness of the third
di el ectric layer 640 can be determned to be a
di fference between the desired overall thickness of
the nultilayer interlayer dielectric |ayer and the
t.hi ck t j i ' '
presnid ARG g R et UG5 b s LB e Bl or e
multilagtilergfltgg%}re?@ie?eg:glg{le%laetr 19 UL 'F}thg%ég{r?,hgé FiBYE o the third
) dielectric |ayer 640 oyer the second dielectric |ayer
dielcrfyiispd0 g bE dirmned o b 8 o B ipacaed orsrall (Rckness of
third dielectric |ayer 640 can be deposited over the
the mukiidaysmigteglageraigleqiic laj¥grand geghigkness obthplirstyplestricper 62fand the
process. According to a preferred enbodinent of the
second diedesgnivt layendht i on, the third dielectric |ayer 640 is
made from PSG (note however, that USG can be used for

A R R B I NN e T
ot e 0 BTRD P P B 0B g

) is used in the deposition of the third dielectric

in block é%qaf Kawre 5)-Hds tlgrdg@ﬁeggg la(ygrbéﬂoaﬁaﬁ bR geggs]tq:w@’r the second
phosphorous, and oxygen atons) is used to sputter the

dielectrgdayer $80 asing e PE+GEDs EBHHCYIDepreedss.iAcchrmlyrgrto @3deferrdd t he
HDP- CVD process is used, then a pre-heated oxygen gas

embodifieanditha presens idveitam, the tidshdicledtis Jayanth 0ax ygda fram@ ) (note
used to sputter the SOG surface of the second

howevdt] BhtE0SG con beysed {3k thisd diehgtridigy¥iD Yl chebe RposAéd valler the
HDP- CVD) process, an APC application is used to

followiig% 8&fd%hqonts Ne blbise4i0 665 calbelif 8n bNiFEmdh&loBGididEa gAsanﬁl][ silicon,

e APC application can nonitor the duration o

phosph%)%iﬁ?,gxgiogfé%ﬁ%ﬁ)%st. f}' égegllr‘]?-g?&f grotc&@ is 404 GRE ﬁanogiftioli Iafthte rt}léird

ectric ue to the precirsion o
e SRS BePHBSTE8 i AL BRI RIS B i e
to sputttep tih(e: lé?)%sssurt%:e 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 secdnd dielectric layer 630. During the CVD (either PE-CVD or
HDP-CVD) process, an APC application isvused 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
above processing conditions can result in the third dielgetric layer having a’thickness of

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

two (2) percent. Unlike the CESL layer 610, the first dielectric layer 620, and the second
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approxi mately two-thousand (2000) A (shown as .span
645) and a non-uniformty of less than two (2)
percent. Unlike the CESL | ayer 610, the first
dielectric |ayer 620, and the second -21 dielectric.

| ayer 630, there nmay not be an upper limt on the
thickness of the third dielectric |ayer 640. However,
the thickness of the third dielectric Iayer 640 shoul d

dielecffe l%&eﬂ?‘g@ Aheto mtap ?Agt ger c}&éﬁé @hit on hi% tﬁ’l%ﬂ%§ {hhx% dxeleqﬁrlc layer

ér inte ctric layer s neet
640. og%v%eﬂﬁ édSS ke?se tbleé Ié%% d; f%l C%I‘IC {ahéCer flxjoguléc? gt gmg[% dsZc}r/ t%at the overall
di fferent _.conditions er. the - CVD, or. .
thickngsyoi @y A B il oy S FgShths d<5ireR Bk Asain, o

| ayer having, sim/|ar functionaljty and thickness. The
third (&@?ﬁéql%laé%r G be dergpied ysingeatherfeshnigpes asd upder difigrent conditions
fabricated under the preferred conditions of a
using githst theFEdC¥PoudiiMRALVIdfechiiguas mathehe reswltingithirdligleptric layer having
di scussed previously and as shown in Figure 6e) can
similahAmetiamaligveaad ahitkitekd. ckness of approxi nately
five-thousand (5000) A (wherein the first dlelectrlc

| aye 620 IS Xi MR tho t.he sec ond
o o1 Do sormpie BRI O ol s Pt st o g Rerred
third dlelectrlc | ayer 640 is app rOX|nateI t. wo-
conditiqpg 95 & prgeayed\gmbrd lawnbvgh%lm%% ﬂweworndmstwﬁ prevdapsly and as
than four (4) percent (the first dielectric layer 620
showrhia Figure\6¢)-cam hvsramiovgralithiclgsss efisaproximnatelp fivedrovsand (5000 A
second dielectric layer 630 has a non- uniformty of
(wher¢ir ¢te firbiaticleatnic (223 @Oricapproximatlythethobsand Aditled secand dielectric
| ayer 640 has a non-uniformty of |ess than two (2)
layer 630/i€ giproximbrelyeSidi A i 208 thethird dicltpRitNayet 640 8 a p%x@ﬁﬁnﬁhtél? Bio-
the thicknesses of the wvarious |ayers of t

thousd®H W)'v%ﬁb’a%roxﬂefbtlquohﬁm%nﬂbﬁéfqgsts ke TO@NEY per @it ghéﬁ%éﬁ&%ﬁctnc layer
previously), an additional constraint can be placed

620 héé%%ntdﬂ?foﬁﬁ dﬁﬂfl@s@%ﬁﬁl b (ﬁ X rr(!eﬂy ﬂLSse&;ndtdliE?ec%{l, fa#r%{%\é)@ fhas a non-

I nterl ectric timze
umforé&t&: gg SS t ?Vgo QS %Xv? ft,n nlglet égﬁtgﬁ élée‘ril%égnc ll? e §4b RYSA Sa n]on-umformny of

less thgrrl] te“r/oe (25 ?)er%:gn(%Wn adJltlon to the %pgrnl]lrlnits Il)ﬁéeﬁ%tpm? gleahl fér?e%se% %f 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 interlayer 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 forvfabricating a semiconductor device, according to a preferred embodiment of the present
invention. According to a preferred embodiment of thefpresent 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.

22-




700 for fabricating a sem conductor device, according
to a preferred enbodi nent of the present invention.
According to a preferred enbodi ment of the' present

i nvention, the process 700 can begin after a
substrate has been created and prepared for use in the
fabrication of a sem conductor device and is part of
a |l onger process for fabricating the sem conduct or

The fagxgga:tigfr‘ of thé §erﬂ38ncf1§9§r 'd?ﬁ&é gagt p(?(].z)ceteéi~I &ith %H&lﬁ(?&‘ij ﬁﬁ)tcgsrsmg steps after

f can f onal processi

700
the coplgfinolye &fﬁsen%?ﬁé tdodg" ?agﬁp%”é%ﬁ?wessf@@rc TR o
fabricalih 2 ApSieaS) Bietreroly ] OSRECviok i Hhs erbsiroBblogi 705). The

devi ce(s) can invol ve several processing steps, but is
fabricagipppf ihe device(phagn anvelvegpecral preneasing enspbut dngmplitied into a single
devi ce(s) has been fabricated, a protective |ayer (a
processistep. iQiwe [hgyderice@hmastbeen fabrim@ti, oertedtive layen(aaa(idy layer) can be
(block 710). The nitride | ayer covers the device(s)
formedmner drrichiee(sp@ibck G 10)pTht pitidet Ihwer dewirc®ié dvite(Omind can be used to
subsequent process steps involved in the fabrication

protectQhe 88ce(s) HENTHBERERIProRYY Béps iMohRU G 1 fiRicatidd &ftgs r ed
enbodi ment of the present invention, the nitride

semicdnBY&br eMee b&&%ﬁ% LR ®LLDS 13@ntlo?t (sg{i olcfer%g)the nitride

process. After form the nitride | aye

Qﬁﬁ? r the nitride
bﬂﬂcﬁ%@%ﬁ) §§§E?ﬁ%ygi? B?g% oXi “Q¥§&er can be an
initial Iayer of a nultilayer interlayer dielectric,
wherAdian farheng the aitrideiage (blayle?10) anfilseoxfides lapet cas b&fprmed over the
either a SA-CVD or an AP-CVD process. Follow ng the
nitride 186 EoRIT16f. ThB Eirst bkidt 149%H €A beAM Bitial dayRL6ONRAuRNdydLinterlayer
| ayer can be fornmed (block 720). The second ong 4

dielectli@Weferdin el I8 okideUfet baﬁfbeq%ﬂn&ﬁxsix% dithbd a SA‘ C"’\m ot ar an AP-CVD
eX|st|ng gaps in the first oxid ayer, which

proces%! %‘\Qﬁ% x \1/1%0 IS &Hz?tlo%]%f ttltkeﬁrgtru & lg§1 k%m&eq%%l ?QI}’ be %rmed

he secon oXil ayer can

] ess, Wwhich uce an .
(block :’}g(é)e?hwef:% (%%cge a)éeﬁ qun?a% Fu(glﬁ@?r{ cfaé@e Qc{/\? ﬁ i ?Weems%ng gaps in the
first oxfi(?e Ig)?etrl v?ﬁeﬂn& gvef E{I{Sgrtl duaentg t}tleht e?:-ed(l:nqgndsm%éf tggol!)gay oetr tge 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 preseﬁt invention, the algorithm can be an advanced process
control application that can be used to determine the thickness of the first and the second oxide
layerrsr and the compute the f[hickness of the third oxide ‘lqu b,a,sgd, 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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an al gorithmcan be used to conpute a thickness of a
third oxide layer (block 725). According to a
preferred enbodi nent of the present invention, the

al gorithm can be an advanced process contro
application that can be used to determne the

thi ckness of the first and the second oxide |ayers
and the conpute the thickness of the third oxide | ayer

ot ST M5 ST RGPS AL 5. s
oY BB P BB 8 LB B P

t ween .t he thi ckness -2 f the ird oxide |layer and
preferz{% usiHERIET HYEG YR Ors%QRrgYﬁ PrRfEH gwk H&%k hi rd oxi de
| ayer. After conputing the needed thickness for the
t hi V.Qtl%&glgﬁxe#)?éé&{t invelfort MMd igs é@l’&hrﬂﬁgek BYRIbebRBeLAbed in detail, it
formed, “preferably using either a PE-CVD or HDP-CVD
r : t : I At [ .
shovld¥e 3 Rl B Yor O dnen s SRR b ol R e oBY B b erein
arious ch

withou e Fors 6 Bkt S5 seopEbr R @il fors R e pmpended laims,
e R R R S0 T e

. third dielectric layer can be used to specifically
filling fhervelesmbetiecen gevieasite pnsyfe thaidhe devigep gre electrically fsplagedng
the vall eys between devices to ensure that the devices
are [ el s .
pr od BB (@%b b BleRth apl-ER R mp L HEnARAGRe Bl e
. the rticul.ar enbodi ments of th rocess hi_ ne
particulel ppip o1 s pRBERY o Rl SRERS o [ FHHEE means
nd ste descr.i Qed in_.the specifi.cation.,. ne of, .
methodsagd ﬁ‘§P§3§R‘i“qu in fhegspeeifigation; 45 onegf grdigary ﬁﬁ@?’é@’f’ Aftevill readily
fromthe disclosure of the present invention,
apprecigfeiEen dhesdischepurei of dhe ProssRiMEIgR eProcesssipBachiney iangfacture,
matter, nmeans, nethods, or steps, presently existing
compogitiohsnfgnatien nisansl enediodpend steps, padseigbrexisting sulster tmbd devblpped,
the sane function or achieve substantially the same
that perfesun bubsastisllyethe somier fesgmnadic achievexobistimeinally thetasme rdsel as the
herein may be utilized according to the present
correspondi@pleh®Bdiments described herein may be utilized according 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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Accordi ngly, the appended clains are intended to
include within their scope such processes, nmachines,
manuf act ure, conpositions of nmatter, nmeans, nethods,

or steps. WHAT IS CLAIMED IS: 1. A nultilayer
interlayer dielectric (MD) for a sem conductor

devi ce, wherein the sem conductor device conprises a
field effect transistor (FET) and a substrate, the MD
conprising: a first thickness of the MD covering the

T, d thickness of the MD over the first
W}mfﬁckﬁé@g g the M D; wherein a thickness ratio of the

thic e Se d .t hi ckness
Lo chi SR ¢ Flsmlsé%f?@% BEIRISTRGERE oo hain e
ere| the MD fur r.co js third thickness
semicog actar SI5E CAMPHies R @Edsﬂffest tr tmf@@f%e pPpatrate, (e MID n
a thickness of the second thickness is | ess than about

comprigingym of a thi ckness of a gate el ectrode of the FET
and five hundred Angstrons. The M D of claim 2,
vihignsiethickndse oftbe A coveangtbe EEIs created using a
.- sub-at nospheric chem cal vapor deposition process and.
| assset@idrtBiekiiegs ofthe MIBI dvectht €irg dsicknéfs@Sthdm§ed. 4. The
MD of claim1, wherein a sumof a thickness of the

fWlicpdin b iMicRESEtio Bf thb itk ARcEMe&lof tHREMIID @S BB dedohd ﬂhé]&§§ of the
and a thlckness of the third thickness is less th

NHDrQ%#Qﬁo Oq%tQaBQhQK@8§§ of a gate el ectrode of the
ree-t housand Angstroms. 5. The M D of claim

S PP s
wherein the fourth thickness is a doped dielectric

2. h’ﬂ%j\#gymoggalg% # %#@Qﬂe §’ fchxc(i)(ness orf ﬁxe seé%%d%l%okr}ess 1S less than about a sum

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 thicknéss is a doped dielectric layer with a .'

thickness of more than about three hundred Angstroms.
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-25 7. The MD of claim6, wherein the fourth
thi ckness is created froma phosphorous doped gl ass
material. 8. The MD of claiml1l, wherein the materials
used in the first thickness, the second thickness,
and the third thickness have a dielectric constant,
wherein a rel ationship between the dielectric
constants of the materials can be expressed as: DCFT >
7 REN Sttt B dn il R iR phho Bl doped
fass tQ; econd thlckness and DCTT is a dielectric .
g n@%ﬁg‘ant of the thlrd thi ckness. 9. The M D of claim
1, wherein the materials used in the first thickness,

e cond . thicknes and d.t hickness, have
s dp PRy T BT G b nlea et L PR e e e
dielectrijic onstants of, the materials can he. expressed
thicknegg, angermfhlsd %r%m% hevererdigiselfisicnsigng prheeeiga F?é?tloélé*tlp betppen the
i ndex of the first thickness, RIST is a reflectivity
dielectiiyermgtagh of His maersticanthicsrawsd asiand RITT is a
reflectivity index of the third thickness. 10. A
Ml P RDgar>Deter | ayer dielectric (MD) for a
sem conduct or device, wherein the sem conductor
whereifl D0 B acdietpettis esnstanf ofthafist hivkhess) DOg is b @lelecirEQongad ofithe
substrate, the MD conprising: a nitrogen-containing
second'tﬁ%ﬁ’fes@‘éﬁd Dt?thels%%l_felectﬁé cdnSRALofANEh A NF&HREONT ai ni ng
| ayer; wherein a thickness ratio of a thickness of the
oxygen-containing layer to a thickness of the

9. g’gg W&ﬁlﬁt 12k ARch the faferih BRHE&SIn Ot AR besd, e Leond

thickness, and the third thickness have a reflectivity index, wherein a relationship between the
dielectric constants of the materials can be expressed as:

RlIpr > Rlgr > Rlyr
wherein Rl is a reflectivity index of the first thickness, Rlgt is a reﬂectivity indéx of the second

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



wherein the MD contains at |east four |layers. 11. The
M D of claim10, wherein a thickness of the second
thi ckness is | ess than about a sum of a thickness of a
gate el ectrode of the FET and five hundred Angstrons.
12. The M D of claim11l, wherein the second thickness
is created using a sub-atnospheric chem cal vapor
deposition process and is tetraethyl orthosilicate gas
( . S Al NEs claim 1 wherein .a su

10, R Rkl MADS Frl B UL RL e B

. the second thickness, d t hic s of the thir

semiogiie@pAOAcs OMPE® & i s Ret G RE DT o a biodc My
a.gate electrode of the FET and three-thousand _

COMPIA{YESt rons. 14. The M D of claim 10, wherein the fourth
thi ckness is a doped dielectric |layer wwth a thickness
ot nifregen-¢didpining layer ghthed® TaAngstrons. 15. The M D of
claim 14, wherein the fourth thickness is created from
aatptrobpleanygs-cdopadnglayss material . -27 16. The M D of
claim 10, wherein the oxygen-containing |ayer
cohgeinahicknegs tifid op & thickeshoof theeasgben-combedhiiap taydr iarthickness of
undoped oxide layer is fabricated using a

the nitf4en BbARIRRAE VP rnBE SR hbMANArto aHARQSI 4ridon ( SA- CVD)
process and a second undoped oxi de |ayer is fabricated
UshOindnSiD cORaint AkANHUPTHEESS: 17. A nethod for
fabricating a sem conductor "devi ce, the nethod
conprising: formng a field effect transistor (FET)

11. ﬁﬁ%’lrm %F(élglg? ?@\y@%&?ﬂg {h%kngéétzﬁtt A&ond tfu%fér{grsgg ée;aSs (hlaﬁsa out a

€ sem conductor su

sam of S5 Bi} R ALELES RS el URoBh ety |
oxi de | ayer;

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

chemical vapor deposition process and is tetracthyl 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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conmputing a thickness of a third oxide |layer; and
formng the third oxide | ayer over the second oxide

| ayer. 18. The nmethod of claim 17, wherein the first
nitride |layer covers the FET device, and wherein the
first nitride layer is forned using a | ow pressure
chem cal vapor deposition (LP CVD) or a nitrogen

pl asnma containing process. 19. The nmethod of claim17,

16. V‘ﬁ%ﬁ\}ﬁﬂ'of A]ﬁ fd Whe2t H€ oj(ﬁéé cohtﬁmﬁr%g%egr b’rg xn&s Bl nﬁd’opgd oxide

at nosp erl C pressure chem Cca position

layers, &@5{%’} i %'Bsguxac%lg %? ngrrl'%‘fa 15: llilsirlﬁ%g m %glspélFrlc e[rq,Hcal vapor
in the second e Ia er.is f med usi.n
deposiden ($Ash B raeh i dceed opeﬁmédﬁé%yr%la Sricaied isjpa g spin-on-
wherein the conputing conprises determ ning the
coating pipeddhess of the third oxide layer by measuring a
thi ckness of the first oxide layer and a thickness of
the second oxide |layer and subtracting the thickness
of the first oxide |ayer and the thickness of the
second oxide layer froma desired thickness for al
three oxide layers. 22. The nethod of claim17,
wherein the third oxide layer is formed using a
hi gh-density plasma chem cal vapor deposition process.
-29
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17. A method for 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 containing process.

19.  The method of claim 17, wherein the first oxide layer 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.

A

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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