1 DYNAM CALLY ADJUSTABLE SLURRY FEED ARM FOR WAFER EDGE PROFI LE

| MPROVEMENT IN CMP 5 FIELD OF THE I NVENTI ON This invention generally
“relates to chemical nechanical polishing (CMW) and nore particularly to a
dynam cally adjustable slurry feed arm and nethod for adjusting the sane
.for inmproving a polishing | ayer thickness uniformty including a 10
process surface wafer edge profile in a CMP process. BACKGROUND OF THE

| NVENTI ON I n sem conductor fabrication integrated circuits and

sem conducti ng devices are fornmed by sequentially formng 15 features in
sequential layers of material in a bottomup manufacturing nethod. The
manuf acturing process utilizes a wide variety of deposition techniques to

form the various | ayer BYNAfieed tie SR HEEATS I&pﬁégﬁtﬁﬁ& I%echniques
such as anisotropic plasnma etching to form device fteature openings 20

foll oved by deposition t aehmirdupest Prottin Wipsdouhs faAHILes. |0 order to
formreliable devices, close tolerances are require F form ng features
i ncl udi ng ani sotropi c etching techni ques

FIELD OF THE INVENTION
This invention generaily relates to chemical mechanical
polishing (CMP) and more particularly to .a dynamically
adjustable slurry feed arm and method for adjusting the same for
improving a polishing layer thickness uniformity inciuding a
10

Process surface wafer edge profile in a CMP process.

BACKGROUND OF THE INVENTION

In semiconductor fabrication integrated <circuits and

semiconducting devices are formed by sequentially forming

15 features in sequential layers of material in a bottom-up

manufacturing method. The manufacturing process utilizes a wide

variety of deposition techniques to form the various layered

features including various etching technigques such as

- anisotropic plasma etching to form device feature openings
20 followed by deposition techniques to fill the device features.

In order to_form reliable devices, close tolerances are required



which rely heavily on layer planarization to formconsistently deep
ani sotropically etched features. 5 In addition, excessive. degrees of
~surface nonplanarity will undesirably affect the quality of several
sem conductor manufacturing process including, for exanple,
. photolithographic patterning processes, where the positioning the inage
pl ane of the process surface within annincreasingly limted depth of 10
focus window is required to achieve high resolution sem conductor feature
patterns. Chem cal nechanical polishing (CW) is increasingly being used
as a planarizing process for sem conductor device layers, 15 especially
for devices having multi-Ilevel design and snmaller sem conductor fabrication
processes, for exanple, below about 0.25 micron. CWP planarization is
typical ly uséd feveing feiatbweentindlnetingn thesswreghactdicnial acdatldiqubeve!
sem conduct or device, including planarizing | evels of a device 20
cont ai ni ng BBtiFhdivstlecthbaridyd ometlalyporpl angritar a6 €y er@h®babnsistent 1y
pl anari zation for subsequent processing of overlying levels. 3 For
exanpl e, in 99fP @nPsofrepdaid lgortahaingedayass such as diel ectric
insulating layers also referred to as inter-Iayer

5 In addition, excessive.degrees of surface nonplanarity will

undesirably affect the quality of several semiconductor

manufacturing process including, for example, photolithographic

patterning processes, where the positioning the image plane of

the process surface within an increasingly limited depth of

10 focus  window is required to achieve high resolution |

semiconductor feature patterns.

Chemical mechanical polishing (CMP) is increasingly being

used as a planarizing process for semiconductor device layers,

15 especially for devices having multi-level design and smaller
semiconductor fabrication brocesses, for example, below about
0.25 micron. CMP planarization is typically used several
different times in the manufacture of a multi-level
semiconductor device, including planarizing levels of a device

20

containing both dielectric and metal portions to achieve global

planarization for subsequent processing of overlying levels.



a

dielectric (ILD) layers and inter-netal dielectric (I MD) layers, it is
i nportant to achieve a high degree of planarity during ILD 5 renoval . For
" exanple, following formation of the ILD |layer, via formation process is
carried out to ' formelectrical interconnections between electrically
.conductive portions of an wunderlying ILD |layer and an electrically
conductive portion of an overlying ILDjlayer. In the event that the
t hi ckness 10 uniformty is not within specifications follow ng the oxide or
| LD CVMP process, a subsequent anisotropic etching process in relatively
thicker ILD | ayer portions to. formthe via interconnect, for exanple at a
waf er edge portion (e.g., periphery) may not be sufficiently deep to make
contact with the 15 conductive portion of the underlying ILD |layer, thus
resulting in af Bp&Fa@Pleui ini fhehEMPneEgpaidel eontaiininge b rertilBtdy as
device. On the other hand, if' the wafer edge portion is relatively
over pol i she@¢¥iriicnginsukatisigat Jaxess t Bilanerrafiebredayer or tinbar-kayer
subsequent via etching process can result in 20 netal thinning in the
under | yi ng SbhtRR4Ge (&g oRaupTerapg irtectueited| diekecinincddMD) 1ayerswel | .
known Preston equation generallx expl ai ns the

it is important to achieve a high degree of planarity during ILD

5 removal. For gxample, following formation of the ILD layer, via
formation process is carried out to form electrical
interconnections between electrically conductivé portions of an
underlying ILD layer and an electrically conductive portion of
an overlying ILD layer. In the event that the thickness

10 uniformity is not within specifications following the oxide or

ILD CMP process, a subsequent anisotropic etching process in
relatively thicker ILD 1layer portions to. form the via
interconnect, for example at a wafer edge portion (e.g.,
periphery) may not be sufficiently deep to make contact with the

15 conductive portion of the underlying ILD layer, thus resulting

in an open circuit in the integrated circuit semiconductor

device. On the other hand, if the wafer edge portion is

relatively overpolished resulting in a relatively thinner ILD

layer portion, a subsequent via etching process can result in

20 metal thinning in the underlying conductive region altering

electrical resistances.



pol i shing mechanismfor dielectric layers, particularly SiQ2 containing
dielectric layers. Generally the rate of renpoval is proportional to the
~applied pressure, the relative velocity 5 between the wafer and the
polishing pad and a proportionality constant that takes into account other
~variabl es such as the hardness of the dielectric, the slurry, and the
polishing pad. One process that is as yet not quantitatively understood is
10 the role of the slurry in formng a hydrodynanmi c | ayer underneath the
waf er polishing surface during CMP. The distribution of the slurry with
respect to the polishing surface has received little attention in the
prior art. For exanple, it is known that both nmechanical and chem cal
processes account for 15 polishing of the surface. For exanple, chem cal

processes are kuﬁmn w1 Xlomnaahe PRe4s MuGlLQ L0 Lo V|n nat eri al
whil e nechani cal *processes dom nate on t%ﬁ %%%?oggca g& e PR

renovi ng hi gholspbi agonndansaber esyr f d t|on the i on_of
the polishing pad affects both chenica §QI§O WeCR&Hi cB r%? 35§ %s 50,
Prior art prasessasnjaveepPeOposet fredi “9 AR r3h Y ¥R NEQUIN £ he POl shing

pad to make the delivery of the slurry t

proportional to the applied pressure, the relative velocity

between the wafer and the polishing pad and a proportionality
constant that takes into account other variables such as the

hardness of the dielectric, the slurry, and the polishing pad.

One process that is as yet not quantitatively understood is

10 the xrole of the slurry in forming a hydrodynamic layer

underneath the wafer polishing surface during CMP. The

distribution of the slurry with respect to the polishing surface

has received little attention in the prior art. For example, it

is known that both mechanical and chemical processes account for

15 polishing of the surface. For example, chemical brocesses are

known to dominate on the micro scale in removing material while
mechanical processes dominate on the macro scale, for example in

removing high spots on the wafer surface. In addition, the

condition of the polishing pad affects both chemical and

20 mechanical processes.



t he wafer polishing surface nore uniform This process has net wth sone
success but has proved difficult to control with 5 respect to varying
" polishing pad surfaces and the particular CMP machi ne used. For exanpl e,
the edge of the wafer may tend to get a higher or |ower supply of slurry
. due to the conplex relative notion of the polishing pad and the wafer
polishing surface which may be noved af varying rates of speed relative to
10 one another. Prior art approaches to conpensate for this effect have

i ncl uded nmaking the wafer holder surface (carrier) slightly convex to

achi eve higher polishing rates at the' center portion. of the wafer. This
approach is highly dependent on the type of slurry and the nature of the
pol i shi ng pads and CVP nmachi ne 15 nmaki ng consi stent results a sort of
“black art' bas&dion ta¥twl prymkseesor happr opodesedThéeeliong, tHer eslusra
need in the sem conductor art to develop an inproved CVP net hod and

appar at us wWeroalbh the pblislying®(Ppathytdeangel atiei del yvee) i vergee ta waaki eve
consistently uniform polishing | ayer thicknesses by selectively delivering
the slurry Be twafgrepel éshimpdsarBas afotdhainpdbirghi nghpadpiscaaameans ake f or
differing material renoval rates across the wafer surface.

with some success but has proved difficult to control with

respect to varying polishing pad surfaces and the particular CMP

machine used. For example, the edge of the wafer may tend to

get a higher or lower supply of slurry due to the complex
relative motion of the polishing pad and the wafer polishing

surface which may be moved at varying rates of speed relative to

10 one another. Prior art approaches to compensate for this effect

have included making the wafer holder surface (carrier) slightly

convex to achieve higher polishing rates at the' center portion

of the wafer. This approach is highly dependent on the type of

slurry and the nature of the polishing pads and CMP machine
15 making consistent results a sort of ‘black art’ based on trial

and error approaches.

Therefore, there is ‘a need in the semiconductor art to
develop an improved CMP method and apparatus whereby the slurry
20 may be

selectively delivered to achieve consistently uniform

polishing layer thicknesses by selectively delivering the slurry



It is therefore an object of the invention to provide 5 an inproved CWP
nmet hod and apparatus whereby the slurry may be selectively delivered to

" achieve consistently uniformpolishing |ayer thicknesses by selectively
delivering the slurry to predeterm ned areas of the polishing pad to
conpensate for differing material renoval rates across the wafer surface
whil e 10 overcom ng ot her shortcom ngs énd deficiencies in the prior art.
SUMVARY OF THE | NVENTI ON 15 To achi eve The foregoing and ot her objects, and
in accordance with the purposes of the present invention, as enbodi ed and
broadly descri bed herein, the present invention provides a dynamcally

adj ustabl e slurry feed armand nethod for adjusting the sane in a CW
process. 20 In a first enbodi nent, the nmethod includes carrying out the

CMP_processtd opredqyeataneandiedspess ochof pbi {8h 01y G%a'i}lbéé I 8bfperZARB! iFsiNg a
polishing |layer to renove a portion of a polishing | ayer; determ ning

the thi cknessf Rfrihgempobi 4l NedAKE! rated adiddsakhbYwRfePIRIeheEM ned
measurenent areas conprising at |least a polishing |ayer peripheral portion
and a polishing - |ayer

It. is therefore an object of the invention to provide

5 an improved CMP method and apparatus whereby the slurry may be
selectively delivered to achieve consisteﬁtly uniform polishing
layer thicknesses by selectively delivering the slurry to
predetermiﬁed areas qf the polishing pad to compensate for
differing material removal rates across the wafer surface while

10 overcoming other shortcomings and deficiencies in the prior art.

SUMMARY OF THE INVENTION
15 - To achieve the foregoing and other objects, and in
accordance with the purposes of the present invention, as
embodied and broadly described herein, the present invention
provides a dynamically adjustable slurry feed arm and method for
adjusting the same in a CMP process.
20
In a first embodiment, the method includes carrying out the
CMP process for a predetermined period of time on a substrate

comprising a polishing layer to remove a portion of a polishing



center portion; determ ning a desired subsequent dispensing 5 position to
equal i ze the thickness of the polishing |ayer; and, adjusting the slurry
feed armto the subsequent dispensing position such that the slurry is

di spensed over the polishing pad at the subsequent dispensing position

. conprising one of <closer to the polishing pad center portion and closer to
the 10 polishing pad-peripheral portign. These and ot her enbodi nents and
features of the invention wll be bett'er understood froma detailed
description of the preferred enbodi nents of the invention which are
further. 15 described below in conjunction with the acconpanyi ng Fi gures.
BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1A is a top view of an exenplary
CWP slurry feeder 20 armand CVP system according to an enbodi nment of the

present i rierird;ondet@roEnguge th3 | ShackRpsViaWw ©fe BoDPOERIRN Plydh at a
exenplary dynamically adjustable slurry feeder armand CVP system

accor di ng tmlwaléfPodt nprédefetuie:dd aRABLreAMANTdQ2s 2oRbIYUE S 4tS 1@8Ast
exenpl ary process flow diagramaccording to an enbodi ment of the present
Invention. a polishing layer peripheral portion and a polishing - layer
center portion; determining a desired subsequent dispensing

S position to equalize the thi;:kness of the polishing layer; and,
adjusting the slurry feed arm to the subsequent dispensing
position such that the slurry is dispensed over the polishing .

pad at the subsequent dispensing position comprising one of

closer to the polishing pad center portion and closer to the

10 polishing pad peripheral portion.

These and other embodiments and features of the invention
will be better understood from a detailed description of the

preferred embodiments of the invention which are further

15 described below in conjunction with the accompanying Figures.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A is a top view of an exemplary CMP slurry feeder
20

arm and CMP system according to an embodiment of the present

invention.



Figure 3 is an exenplary process flow diagram according to an enbodi nent
of the present invention. 10 DETAI LED DESCRI PTI ON OF THE PREFERRED
- EMBODI MENTS Wil e the nmethod according to the present invention i's
explained with reference to an oxide containing ILD layer, it wll be
_appreciated that the nmethod of the present invention may 15 be

advant ageously applied to the renmoval ¢f any dielectric layer where
selective delivery of the slurry to the polishing pad surface may be
advant ageously selected to conpensate for differing material renoval rates
of a polishing layer. 20 Referring to Figure 1A is shown a top view of an
exenpl ary enbodi nent of a CMP polishing systemincluding a selectively 9
adj ustable slurry feed arme.g., 12 according to an enbodi nent of the
i nvention, posiFiote’l aBovks aar oter abliewpodf shi mpmpddn suff f ace ekédyppiary
exanpl e adhesively attached to an underlying rotatable platen (not shown).
The sl urry dysenica ymyadiustiabl® sheperyf orfezdampl @rour wad, CMBhapgdtewnr
extending directly from a slurry feed arm positioning neans (as shown),

f or exanpl eccprdond ngp jagi embdimenc| efdethe prpswot | vgnaiinh. 16 i s a neans
for

5 Figure 2 is an exemplary process flow diagram according to

“an embodiment of the present invention.

Figure 3 is an exemplary process flow diagram according to
an embodiment of the present invention.
10
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
While the method according to the present invention is
explained with referénce to an oxide containing ILD layer, it
will be appreciated that the method of the preéent invention may
15 be advantageously applied to the removal of any dielectric layer
where selective delivery of the slurry to the polishing pad
surface may be advantageously selected to compensate for
differing material removal rates of a polishing layer.
20 Referring to Figure 1A is shown a top view of an exemplary

embodiment of a CMP polishing system including a selectively



selectively adjusting the slurry feed arm 12 slurry dispensing point, for
exanpl e the distal end 12B, to a predeterm ned 10 position over the
pol i shing pad surface, for exanple by noving the slurry feed armin a
radi al pat hway above the polishing-pad surface 14 around the pivoting
joint 16 as shown by directional arrow 15A and 15B. For exanple, the
pivoting joint 16 includes an adjustaQ)e stepper notor for selectively
novi ng a noveabl e 15 shaft (not shown) to which the slurry feed arm12 is
attached at the pivot joint 16 to nove the slurry feed armslurry

di spensing point, e.g., distal end 12B. Preferably, the slurry dispensing
position of the slurry feed arm may be selectively noved toward the center
of the polishing pad or toward the periphery of the 20 polishing pad as

i ndi cat ed byééﬂdg%ckhona arrows 15A and 15B. Preferably, the neans for

sel ectivel y adj ustirng CHETEYufp§df 888 €09-ar A2 Rororximpl & aarst appelinant or
all ows the q&yrFM dL%@pnsLng position to be noved in increnents as smal

as 2mm i ncrenentst *RSFBEHPRf ePRBEyiared mabbvas al motiatabdrentid ishitg pad
operati on, %p%fgtnr 4feed arn1e.?., 12 projects over the associated
pol i shing pad surfack-e. §°F FXegple Mdbesivehy nedtapbsdt iton andutiapenags
pol i shi ng slég€g£agggopaggegoulshln pad

not shown). The slurry feed arm may be any

ES

5 shape, for example curved, L shaped, or extending directly from

a slurry feed arm positioning means (as shown), for example

pivoting joint 16. Included in pivoting joint 16 is a means for

selectively adjusting the slurry feed arm 12 slurry dispensing

point, for example the distal end 12B, to a predetermined

10 position over the polishing pad surface, for example by moving

the slurry feed arm in a radial pathway above the polishing -pad

surface 14 around the pivoting joint 16 as shown by directional

arrow 15A and 15B. For exémple, the pivoting joint 16 includes

.an adjustable stepper motor for selectively wmoving a moveable

15 shaft (not shown) to which the slurry feed arm 12 is attached at

the pivot joint 16 to move the slurry feed arm slurry dispensing
point, e.g., distal end 12B. Preferably, the slurry dispensing
position of the slurry feed arm may be selectively moved toward
the center of the polishing pad or toward the peripheronf the

20 polishing pad as indicated by directional arrows 15A and 1SB.

Preferably, the means for selectively adjusting the slurry feed



surface during the polishing (CW) process. During the polishing process,
a process wafer (not shown) is held in place 10 by a carrier head e.g., 20
with the wafer process surface contacting the polishing pad 14 at a
predeterm ned pressure. For exanple, the carrier head 20 hol ds a process
~wafer in place by mechanical nmeans or by. negative pressure neans
including an ability to selectively PYh varyi ng pressure over the wafer 15
backside to selectively increase pressure at a center portion and at a
peri pheral portion of the wafer. The slurry feed arm 12 preferably
i ncl udes separate |iquid supply tubes (not shown) housed within the slurry
feed arm 16 to separately provide polishing slurry and cleaning or rinsing
liquid, respectively, 20 to the surface of the polishing pad e.g., .14. The
slurry feedrmar fhor2 egEePdRaldl stieppegdewtosy erdlospr blye netutses qirmpens hogn)
to 11 provide a high-pressure rinse at the end of each polishing and
conditionid§ﬁ€$épé.tptgﬁ Movied dpprieiratedtshas thalks| as r yud ebobrementd? may
i ncl ude nore than one slurry dispensing opening e.g., at 12B along the
slurry feedgenproferaeleiamismedlt Ae bivs pargiengnts position of the armwi | |
refer to the position of the nost distal slurry dispensing opening, for

exanple located in a

5 In operation, the slurry feed arm e.g., 12 projects over
the associated polishing pad surface e.g., 14 at a predetermined
position and dispenses polishing slurry onto the polishing pad

surface during the polishing (CMP) process. " During the

polishing process, a process wafer (not shown) is held in place

10 by a carrier head e.g., 20 with the wafer process surface
contacting the polishing pad 14 at a predetermined pressure.
For example, the carrier head 20 holds a process wafer in place
by mechanical means or by.negative pressure means including an
ability to selectively put varying pressure over the wafer
15

backside to selectively increase pressure at a center portion
and- at a peripheral portion of the wafer. The slurry feed arm
12 preferably includes separate liquid supply tubes (not shown)
housed within the slurry feed arm 16 to separately provide
polishing slurry and cleaning or rinsing liquid, respectively,
20 to the surface of the polishing pad e.g., .14. The slurry feed

arm 12 optionally includes several spray nozzles (not shown) to



di stal segnent e.g., 12B of the slurry feed arm 12. Optionally included in
the CWP polishing systemalong wwth the dynamcally adjustable slurry feed
arm12 is a pad conditioner arme.g., 18, 10 for exanple including a
di anond ernbedded conditioning pad 18A contacting surface for
_pre-conditioning the polishing pad 14. It wll be appreciated that several
dynam cal ly adjustable slurry feed argﬁ may be included in a nulti
polishing station systemfor CMP polishing of sem conductor process wafers
at 15 least one dynam cally adjustable slurry feed armpreferably provided
for each polishing station. For exanple, the various polishing stations
may be used for different polishing steps in a sequential CWP polishing
procedure. In operation, the polishing pad 14 is rotated sinultaneously
with the rot of, arrler head, 20, the polishing pad and the carrier.
head rotatlggkh?%etheggﬁhe SSBE%SF%%S%|?Ec?ﬁ%néndThé each i poliddg2@nk?
i ncluding t CESS; surface held in contact with the polishing pad
is SIﬁU|tan2§ﬁ§?%§§8?é§e%yaﬁ% thidﬁ&lI?elﬁﬁéé¢¢§ateﬁnuhita¢hessluﬂuy feed

pol i shing pagdsyhfag In one enbodi mrent of the invention, a
means for in-situ ﬁh%n??%%?%% T?ﬁ?r%ﬂﬁﬁ mnﬁgSﬂhrtkn@%ﬁp&ﬁsﬂﬂbeopemingneng ,

layer (layerge 13p along the slurry feed arm, but hereinafter the dispensing
5' position of the arm will refer to the position of the most
distal slurry dispensing opening, for example located in a
distal segment €.g., 12B of the slurry feed arm 12. Optionally
included in the cMP polishing system along with the dynamically
adjustable slurry feed arm 12 is a pad conditioner arm e.g., 18,
10

for example including a diamond embedded conditioning pad 18A
contacting surface for pre-conditioning the polishing pad 14.
It will be appreciated that several dynamically adjustable
slurry feed arms may be included in a multi pollshlng station

Ssystem for CMP polishing of semiconductor process wafers at

15 least one dynamically adjustable slurry feed arm preferably

provided for each polishing station. For example, the various
polishing stations may be used for different polishing steps in

a sequential CMP polishing procedure. In operation, the

polishing pad 14 is rotated simultaneously with the rotation of

20  carrier head 20, the polishing pad and the carrier head rotating

in the same or opposite directions. The carrier head 20



bei ng polished), preferably an optically transparent material |ayer, for
exanpl e an oxide layer, is provided with the CMW polishing system
including the dynam cally adjustable slurry 10 feed arm For exanple the
means for nonitoring the thickness of the oxide |layer is preferably by
periodic optical neasurenments of the wafer polishing surface.' For
exanpl e, optical interferonetry as is4known in the art may be applied to
the frontside or the. backside of the wafer using single or nultiple 15
wavel engt h techni ques including ultraviolet and visible wavel engths or
infrared wavel engths applied to a silicon- wafer backside. Referring to
Figure 1B, is shown an exenplary portion of a 20 CMP polishing system

i ncluding the dynami cally adjustable feed arm 12, showing a top view of a
waf er carrier. head 22 inclyding 13 a |ight communj cati on pathway 24A, for
exanpl e i nc}Pﬁa}‘ﬁ’grl% CRRuMaTtiety RFOSSS Y FaBerteislpht i 687 3F o Bt ef B ned
measuring areas.over the backside of the process wafer for supplying
optical si é’i‘é{?i NP ampl E1FHE FaReRISIay ¥ ARGERs 2BAdOPEERIRA Y 156RE 1 ¢ al
signals reflected fromthe fraontside wafer process -surface, for exanple,

i ncl udi ng AWVERi WEFPSH &g Shorg shre surface e.q.,

5 In one embodiment of the invention, a means for in-situ
moniporing the remaining thickness of the polishing léyer (layer
being polished), preferably an optically transparent wmaterial
layer, for example an oxide layer, is provided with the CMP
polishing system including the dynamically adjustabie slurry

10 feed arm. For example the means for monitoring the thickness of

the oxide layer is preferably by periodic optical measurements

of the wafer polishing surface. - For example, optical
interferometry as is knéwn in the art may be applied -t:o the
frontside 6r the backside of the wafer using .single or multiple

15 wavelength techniques including ultraviolet and visible

wavelengths or infrared wavelengths applied to a silicon wafer

backside.

Referring to Figure 1B, is shown an exemplary portion of a

20 CMP polishing system including the dynamically adjustable feed

arm 12, showing a top view of a wafer carrier head 22 including



(oxide polishing layer) in a CVWP process. For exanple, light conmunication
pathway 24A is in signal. conmunication with an optical signa
detect or/ anal yzer 24B, for exanple including one 10 or nore optical
detectors and nmeans for collecting and anal yzing a spectrum signal
strength and phase of a reflected light signal received fromthe polishing
| ayer, for exanple in an optical inte %gronetry process. It wll be
appreci ated that signal conmunication y include wrel ess conmuni cation
fromlight 15 sensors (detectors) enbedded in the wafer carrier head 22 and
transmtted to the optical signal analyzer 24B. It wll also be

appreci ated that the optical sources and optical signal collectors may be
positi oned under the polishing platen, the polishing platen and polishing

pad provi deck wilibht vechewi €BEEoR0 1Sawa), | 9fx Sampli ”%fafr&%aeeg#{maﬁgq%gng ot? cal

(frontside) of the wafer. There are sevéral commrerci

interferonetEngaldtyf of Bpkiogl opibLat & rifear I renents which
may be suitably used with the present f%%gﬁfioﬁgg 5%F§g§§§HE¥EP§?FP§1%?

optical nmeasanmeementvelat ahBBybe G egt ed s optical ignal. . .
anal yzer/ detector at predeterm ned opticalené%?&%%ﬁ%n%égéargég &?gﬁégéﬂg

across at | eggticabe sdgaakes er fof éﬁ&nﬁ&cﬁ%a%ge@avelengths and receiving

5 9optical signals reflected from the frontside wafer process

-surface, for example, including an oxide layer being polished

(oxide polishing layer) in a CMP process. For example, light

communication pathway 24A is in signal communication with an

optical signal detector/analyzer 24B, for example including one

10 or more optical detectors and means for collecting and analyzing

@ spectrum signal strength and phase of a reflected light signal

received from the polishing layer, for example in an optical

interferometry.process. It will be appreciated that signal

communication may include wireless communication Ffrom light

15 sensors (detectors) embedded in the wafer carrier head 22 and

transmitted to the optical signal analyzer 24B. It will also be

appreciated that the optical sources and optical signal

collectors may be positioned under the polishing platen, the
polishing platen and polishing pad provided with a window (not
20 shown) for sampling the polished (frontside) of the wafer.

There are several commercially available optical interferometers



surface including at |east a peripheral and a central portion of the
polishing surface, fromwhich a renmaining polishing |ayer thickness may be
subsequently extracted. In one enbodi nent, the optical neasurenent data

i ncludes polishing rate data from 10 predeterm ned optical measurenent
areas which are periodically collected and transferred to a data

recei ving, manipulation and signal ouﬁgutting nmeans unit, for exanple a
controller 28, for automated analysis, preferably in real time during the
CVMP process, to periodically determ ne a renmaining polishing | ayer 15

t hi ckness at the predeterm ned optical. neasurenent areas. Preferably, the
controller 28 is preprogrammed to output commands to the slurry feed arm
adj ustment nmeans in response to a determ ned polishing | ayer thickness to
nove the slyrtry |.spensi sition _to a predeterm ned subsequent

posi tion, 230 oﬂFgﬁb b?pgggggséﬂﬁﬁﬁFeﬁﬁﬁegﬁYi§ﬁ?ﬁﬁr?Wﬂ§*beWhHH} R sheps
of in-situ enent. transfer, polishing | ayer thickness 15 i

det er i nat i g$@§§%ys Siia: ywnftgle(slth&r I%&jeﬂgt MRS grept fethat IR UTPdpEYt el to
produce a polishihg layer with an inproved thickpness uniformty including
a polishing%k§§8?fedﬁ%%%ﬁagpﬁﬁ er®dY® PR¥fiPe. collected from thé optical

signal analyzer/detector at predetermined optical measurement

5 areas disposed across at least one diameter of the process wafer
surface including at least a peripheral and a central portion of
the polishing surface, from which a remaining polishing layer
thickness may be subsequently extracted. In one embodiment, the
optical measurement data includes polishing rate data ffom

10

predetermined optical measurement areas which are periodically

collected and transferred to a data receiving, manipulation and

signal outputting means unit, for example a controller 28, for

automated analysis, preferably in real time during the CMP

process, to periodically determine a remaining polishing layer

15 thickness at the predetermined optical. measurement areas.

Preferably, the controller 28 is preprogrammed to output

commands to the slurry feed arm adjustment means in response to

a determined polishing layer thickness to move the slurry

dispensing position to a predetermined subsequent position,
20 followed by a subsequent CMP polishing time period, the steps of

in-situ measurement, transfer, polishing layer thickness



5 I n anot her enbodi nent, an ex-situ polishing |ayer thickness neasurenent
nmeans nmay be used as | ong as neasurenent data may be collected al ong at
| east one dianeter of the process wafer surface fromwhich a renaining

pol i shing |
peri pher al

a near-rea
with subst
CWVP pol i shi

ayer thickness may be 10 extracted including at |east a

and a central portion of the polishing surface. For exanple,
time ex- situ process, one1§{ nore thickness nonitor wafers

antially simlar polishing I'ayers nay be provided to undergo
ng process in parallel with the process 15 wafer, the one or

nore thickness nonitor wafers being renoved periodically to undergo an

ex-situ thi
exanpl e FTI
measur enent

ckness neasuring process, including optical nethods, for
R spectroscopy or . ellipsonetry. Preferably, the ex-situ
results are then transferred to the controller 28 which

i ncludes 20 PPEPFBGIAARE ianct raloninynsferntl dnkesdisiseRensi Bekag ber Loy
situ process. For exanple, a polishing |layer thickness 16 including at

| east a cent EPFP§RFd @ @wedacpeni pheiahimpridyer @fichtde HdovBENEhIALE
determned fol | owed by appropriate instructions to nove the slurry feed

armto a newdi&PeH$ivng including a polishing layer edge (peripheral)

10

15

20

profile.

In another embodiment, an ex-situ polishing layer thickness
measurement means may be used as long as measurement data may be
collected along at least one diameter of tﬁe proce;s wafer
surface from which a remaining polishing layervthickness may be

extracted including at least a peripheral and a central portion

of the polishing surface. .For example, in a near-real time ex-

situ process, one or more thickness monitor wafers with

substantially similar polishing 1layers may be provided to

undergo a CMP polishing process in parallel with the process

wafer, the one or more thickness monitor wafers being removed

periodically to undergo an ex-situ thickness measuring process,

including optical methods, for example FTIR spectroscopy or

ellipsometry. Preferably, the ex-situ measurement results are

then transferred to the controller 28 which includes

breprogrammed instructions and takes steps similar to the in-

situ process. For example, a polishing layer thickness

in

a



position in response to the determ ned polishing | ayer 5 thickness, for
exanpl e a thickness difference between a peripheral portion and a center
portion of the wafer. Still referring to Figure 1B, in exenplary operation,
a plurality of optical neasurenent data points collected by the 10
optical neasurenent means, for exanple the optical signal detector/analyzer
24B in an optical int erf erone try. nq%§urenent, are collected fromthe
optical neasurenment points nade al ong at” |east one wafer process surface
di aneter, preferably including the wafer polishing surface periphery and
center portion. The 15 collected optical neasurenent data points are
transferred to controller 28, for exanple including at | east a processor
(e.g., CPU, nenory, and a signal receiving and output unit for
comuni cat i nghaWddinghecopkiheal - si.gnal det ector/ anal yzer 24B by

comuni cation |ine gBB a%gh%ﬁeas g?€§rf8%ﬂ%V”hﬁﬁﬂaéj@@Fﬁeh@réwznnamsnlgfby

conmmuni cat i othepatgyiaynh28s. 111, be preciated that wrel ess
communi cati on may be suigab‘{'{\/f#se Sascf rned orhaldiowati ohy padgpr@psiate

Preferably, idheradiushing ns, i, a stepper notor for selectively
pivoting the slurry feed g?‘r%‘n%i% t}reou‘?‘li“’é‘p i R mrmotat aléwy miapeasia)

pathmayvoveﬁxﬁhﬁion in response to the determined polishing layer

5 thick '
ness, for example a thickness difference between a

peripheral portion and a center portion of the wafer

Sti i i
ill referring to Figure 1B, in exemplary operation, ga
’

1 3 . ’
Plurality of_optlcal measurement data points collected by the

10 opti
Ptical measurement means, for example the optical signal

detector i i
/analyzer 24B in an optical interferometry measurement

are co i
' llected from the optical measurement points made along at

least o
ne wafer process surface diameter, preferably including

th ishi
e wafer polishing surface periphery and center portion. The

15 col j
. lected optical measurement data points are transferred to

con i
troller 28, for example including at least a processor (e.g

CPU) , i
memory, apd a signal receiving and output unit for

commun i i i i i '
lcating with the optical signal detector/analyzer 24B by
communication 1line 28B and the

slurry feeder arm adjustment

20 mean i i ‘ |
S 16 by communication pathway 28cC. It will be appreciated

tha i i i
t wireless Communication may be suitably wused as the



polishing pad surface, preferably extending fromthe polishing 5 pad
periphery to the center portion of the polishing pad as indicated by
direction arrows 15A and 15B. Preferably, the <controller- 28 is supplied
with a conputer program | oaded (e.g., conpiled) in nmenory, optionally
including a graphical interface for. interactive programflow control and
data display, for 10 selectively recei¥kng and anal yzing at | east a portion
of the .optical nmeasurenent data. The Conputer program preferably

i ncludes preprogranmmed instructions for determning a thickness of the
polishing material layer. fromoptical neasurenent data preferably

i ncl udi ng neasurenent data di sposed along at | east 15 one dianeter of the
waf er polishing surface, deternining a desired subsequent' slurry

di spensi ng R@wiuhie t y f bsequent polishin
period to incr easeggfgrbo |§t§ ngér ayéfr%%r%rc ss un| g?ruﬁs'fmg %ﬂbut pstrtgl ng

instructio e Slur arnlt t he,_desi ed 20 _su ent
slurry d|sgiﬁ%?ﬁgD§§§F?|g%m?d%¥%%$$&%n§ dﬁfo ing b g%qﬁ HFr%mfﬁﬁg

peri od. Thengrggrogr%gge i 0 8 prefer i ncl.ude predete nlned
time periods for coIIect%ﬁg égf%%tpéﬁ neasuréﬁg dAHRY 2 Ust FAG t he

slurry fGGQQﬁl%hﬁhéhBad surface, preferably extending from the polishing

5 pad periphery to the center portion of the polishing pad as

indicated by direction arrows 15A and 15B. Preferably, the

controller. 28 is supplied with a computer program loaded (e.qg.,

compiled) in memory, optionally including a graphical interface

for . interactive program flow control and data display, for

10 selectively receiving and analyzing at least a portion of the

.optical measurement data. The computer program preferably

includes preprogrammed instructions for determining a thickness
of the polishing material layer from optical measurement data

preferably including measurement data disposed along at least

15 one diameter of the wafer polishing surface, determining a

desired subsequent’ slurry dispensing position of the slurry

feeder arm in a subsequent polishing period to increase a

polishing layer thickness uniformity, and outputting

instructions to move the slurry feeder arm to the desired

20 subsequent slurry dispensing position for <carrying out a

subsequent CMP polishing period. The preprogrammed instructions



data collection, data analysis, and slurry feed arm positioning conmand
functions preferably acting as a parallel process to the 5 CW polishing
process and optical neasurenent process. |In one enbodi nment, the conputer
program i ncludes programmable instructions for determning a desired

di spensing position of the slurry feeder armaccording to a predeterm ned
10 rel ationship. For exanple, a predetﬁgnined relationship is - included
in the preprogranmed instructions for termining a desired slurry feeder
arm position in response to an input of a determ ned thickness difference
of the polishing- layer, preferably including at |least at a center portion
and a 15 peripheral portion of the polishing layer. In another enbodinent,
t he progranmmabl e i nstructions are based on a decision tree, for exanple

the slurr di spensin osition s determoned |n
ons ypggggEgbﬁyﬁqh?ygéggé?er?ﬁﬁﬁﬁyﬁgﬁ?%ﬁﬁ%ggg%ﬁI eF%%b&oig?%&%ﬁq Ehﬁenter

response to an Input o

portion an i . rtion, of. .the.polishi | ayer. 19 Referring
to Figure g?&é h%ﬁs“%%ﬁhggg‘%ﬁ a‘?é;ta} i der?é%?t“&??‘g?l e & 5&1 ARABDT &9y bhess

for deternyRing $ﬂﬁxﬁ§%hreﬁ sition of th lurry feeder armin response
to a thickness (élet erm nat'i Oﬁgg analysis, ancf sslurr feeg arm positioning

command functions preferably acting as a parallel process to the

5 CMP polishing process and optical measurement process.

In one embodiment, the computer program includes
programmable instructions for determining a desired dispensing

position of the slurry feeder arm according to a predetermined

10 relationship. For example, a predetermined relationship is

included in the preprogrammed instructions for determining a
desired slurry feeder arm position in response to an input of a
. determined thickness difference of the polishing. layer,
 preferably including at least at a center portion and a
15 peripherai portion of the polishing layer. In another
embodiment, the programmable instructions are based on a
decision tree, for example the slurry feeder arm subsequent
dispensing position is determined in response to an input of a

determined thickness difference between a center portion and a

20 peripheral portion of the polishing layer.



of a polishing oxide | ayer according to a process flow diagram 5 In
process 301, a CMP process is carried out on an optically transparent
(e.g., oxide material layer) In process 303, optical neasurenent data
along. a dianeter (nmeasurenent line) of the process wafer, for exanple a
plurality of evenly spaced points, are collected and transferred to
process controller to determne 10 a cgpresponding t hi ckness of the
optically transparent polished nateri | ayer determined (e.g., oxide). In
process 305, an average thickness A at the periphery or edge is

determ ned, for exanple by determ ning a correspondi ng polishing |ayer

t hi ckness on opposi ng periphery sides of the neasurenent |ine for exanple
15 by averaging four thickness val ues, two thickness val ues on opposing
sides of the ne | i at .t fer periphe rocess, 307, an
aver age thlcknegéEé at%E%ﬁ ?flg gﬁﬁ%%“&é%EYnf nenbAtign Al e by

averaging t of _at e st three t hi ckness val ues correspondi ng
to points oaﬂe%ﬁdgr%g&%gg%u PERERT® | FRE EFEEETHY "PhébRarssicett ePspbtan G I'n

process ge&gnge betmeen a center portion thickness and an edge

20 portlon thlc get 8T A8d FEPOPfg e?a§81fﬁﬂ?iﬁmﬁ%ﬂermﬂﬁ?E%HESs A
is greater &ﬁaanptéﬁsﬂ‘{ﬁé e, n{aye portion thickness

according to a process flow diagram.

5 In process 301, a CMP process is carried out on an optically

transparent (e.g., oxide material layer) In process 303, optical
measurement data along . a diameter

(measurement 1line) of the
process wafer, for example a plurality of evenly spaced points,

are collected and transferred to process controller to determine
10 a corresponding thickness of the optically transparent polished
material layer determined (e.g., oxide) . In process 305, an
average thickness A at the periphery or edge is determined, for
example by determining a corresponding .polishing layer thickness
on opposing periphery .sides of the measurement line for example
15 Dby averaging four thickness \}alues, two thickness values on

opposing sides of the measurement line at the wafer periphery.

In process 307, an average thickness B of a center portion is

then determined, for example by - averaging the thickness of at

least three thickness values corresponding to points on the
20

measurement line crossing the wafer center portion. In process

309, a difference between a center portion thickness and an edge



B, process 310A is carried out where the controller outputs
to the slurry feed armto nove the dispensing 5 position a predeterm ned

di stance toward the periphery of the polishing pad. If the average
thickness Ais less than the average center portion thickness

peri pher al

B, process 310B is

to the sl

di stance toward the center of the pol

urry feed armto nove the digﬁensing position a predeterm ned

directional arrows 311A and 311B, the processes 301 through 310 are
optionally repeated. For exanple, depending on the magnitude of the

pol i shi ng
peri pher al

15 | ayer thickness difference between a center portion and a
portion of the polishing surface, the dispensing end of the

slurry-f eegoat fofBYhhekABYLd 18N SrmUnt; et er myged., accor

predet erm

slurry ar mepeskhéed.a 2Q Arlegrpat E}Y&ﬁ%hé hfvesila:é"er Xe%eed ar.m. may

pr edet er m

din o_.
ned rel ationship between desired thickness d|¥?¥$e%%€335%§ﬁée

be .nmoved
ned distance based on a decision tree, ,%?:é§gﬁﬁP3 E%ﬁgﬁﬁﬁﬁg

21 whet hes,a gricelsgess ol T1r encesbs Ghal Blothan,a predeterm ne

t hi ckness

10

15

20

di fference window. For exanpl e, the tel ali ongRry gy OUtPuts

instructions to the slurry feed arm to move the dispensing

position a predetermined distance toward the periphery of the
polishing pad. If the average peripheral thickness A is less
than the average center portion thickness B, process 310B is
carried out where the controller outputs instructions to the
slurry feed arm to move the dispensing position a predetermined
distance toward the center of the polishing pad. As indicated

by process directional arrows 311A and 311B, the processes 301

through 310 are optionally repeated.

For example, depending on the magnitude of the polishing
layer thickness difference between a center portioh and a

peripheral portion of the polishing surface, the dispensing end

of the slurxry feed arm may be moved an amount determined

according to  predetermined relationship between  desired

thickness difference change and slurry arm position.

Alternatively, the slurry feed arm may be moved a predetermined

distance based on a decision "tree, for example depending on

i nstructions

carried out where the controller outputs instructions

10

ing pad. As indicated by process

and

on



be linear or non linear. For exanple according to a linear relationship,
the slurry feeder arm (slurry dispensing end) is 5 noved a predeterm ned
anount fromthe previous slurry feed arm position based on a determ ned

t hi ckness difference. For exanple, in one enbodinent, the dispensing
position of the slurry feeder armis noved froma previous polishing
position including an initial polishipg position, for exanple lying at 10
about the m dway of the polishing pad, about 1lmmtoward either the center
or peripheral portion of the polishing pad for. every 100 Angstrons of

t hi ckness difference between the center portion and the peripheral portion
of the polishing surface. For exanple, the dispensing position of the
slurry armis noved with 15 respect to a previous slurry arm di spensi ng
posi tion twhetker he tbéckmyssofdififeresiceshingmpradeirf thie aepredeperdined i s
relatively thicker and away fromthe center of the polishing pad (toward
the peri ph&hyykndss i fiferiepher ain@owt i ORodf ekdigplRgl itslai R@1bayefishis may
relatively thicker. 20 22 Alternatively, the dispensing position of the

slurry armbes hireed wirt morespidar 0 a Rarevétdiplel Wdcpras iy dicspensi Ntgar
position-

relationship, the. slurry feeder arm (slurry dispensing end) is

moved a predetermined amount from the previous slurry feed arm

position based on a determined thickness difference. For

example, in one embodiment, the dispensing position of the

slurry feeder arm is moved from a previous polishing position

including an initial polishing position, for example 1lying at

10 about the midway of the polishing pad, about 1mm toward either

the center or peripheral portion of the polishing pad for. every
100 Angstroms of thickness difference between the center portion
and the peripheral portion of the polishing surface. For

example, the dispensing position of the slurry arm is moved with

15 respect to a previous slurry arm dispensing position toward the

center of the polishing pad if the center portion is relatively

thicker and away from the center of the polishing pad (toward

the periphery) if the peripheral portion of the polishing layer

is relatively thicker.

20



according to a decision tree. For exanple the dispensing position is noved
a predeterm ned distance toward the center or 5 periphery of the polishing
pad if the center portion is thicker or thinner, respectively, by greater
than a predeterm ned anount. For exanple, the dispensing position of the
slurry arm is noved toward the center (or periphery) of the polishing pad
froma previous polishing position by %gout 2mm provi ded the 10 polishing
| ayer center portion is thicker than t peri pheral portion by greater

t han about 250 Angstrons and by about 4nmmif the thickness difference is
greater than 400 Angstrons. Likew se, the slurry armposition is noved
toward the periphery of the polishing pad froma previous polishing

di stance 15 according to the same recipe if the peripheral portion of the
pol i shing surfacalteridiickey, t enter portjon according to
predet er mi ned t hi ckness dif?ergﬁgeépg?éréhﬁﬁ PLetoRingde, sdheryommr gisl er

addi tional | yovadl wiles re&hardatp incl udi reviously archived results
including feeder arn1ﬁ%%?tion a%gaﬁf\?é?ghéggfﬁyt%W%Kﬁ%@%ﬂéﬁhgepeﬁﬂhemmeen

23 at | easkceopéihphecy porddan;ef, t waf er _polishing surface and a
center portion corresponding to 5’%blpgﬁ?hg p@gfoﬁxéﬁp eg| g ydispensing

Poslition is moved a Predetermined distance toward the center or
ori s .
periphery of the polishing pad if the center portion is thicker

or . ;
thinner, Tespectively, by greater than a predetermined

a .
mount. For example, the dispensing position of the slurry arm

18 moved toward the center (or periphery) of the polishing pad

£ . N -
rom a previous polishing position by about 2mm provided the

10 N .
polishing layer center portion is thicker than the peripheral

portion by greater than about 250 Angstroms and by about 4mm if

e . . .
he thickness difference is greater than 400 Angstroms

Likewise, the slurry arm position is moved toward the periphery

of ¢ ishi
he polishing pad from a previous polishing distance

15 . : . .
according to the same recipe if the peripheral portion of the

polishing surface is thicker than the center portion according

to predetermined thickness differences.

In another embodiment, the controller additionally includes

- 20 i i i
a database including previously archived results including

fe - £} . ’
eder arm position ang difference in thickness achieved between



feed arm di spensing position. Preferably, a relationship between a slurry
feeder arm di spensing position and desired 5 degree of thickness variation
across at | east one dianeter of the wafer polishing surface of the oxide
polishing layer is derived to project a desired slurry. feeder arm
position to achieve the desired degree of thickness variation, for exanple
preferably uniformthickness, in a subggquent CWVP polishing 10 period. For
exanple, referring to Figure 3 is a process flow diagram exenplifying

anot her enbodi ment of the process for dynamcally adjusting the slurry
feed arm In process 401, a 15 CWP process is carried out on-a polishing

| ayer for a predetermned tinme period. In process 403, a plurality of
polishing | ayer thickness nmeasurenent points are collected along at |east

one di amet gt Déasthea Wad:elphREQCBSFLSUAT BEC thdNRardOlgAhsRanbaxertddd claess
measur enent points preferably 1 nclude 20 at | east a peripheral thickness

and a centgrceftdi Porlthioakagssesind iy RY IS RPN gsh AYEHHALE WhI §NsBurry
t hi ckness difference is 24 determ ned between the peripheral portion and

the centerfep@rtda. dibpRhasRES Oit forlat abaseretaiphi wed dabaibssiipdat ed
between a slurry feeder arm dispensing position and desired
S degree of thickness variation across at least one diameter of
the wafer polishing surface of the oxide polishing layer is
derived to project a desired slurry feeder arm positioh to

achieve the desired degree of thickness variation, for example

preferably uniform thickness, in a subsequent CMP polishing

10 period.

For example, referring to Figure 3 is a process flow
diagram exemplifying another embodiment of the process for
dynamically adjusting the slurry feed arm. In process 401, a

15 CMP process is carried out on a polishing layer for a
predetermined time period. In précess 403, a plurality of
polishing layer thickness measurement points are collected along
at least one diameter of the wafer process surface. The
polishing layer thickness measurement points preferably inciude

20

at least a peripheral thickness and a center portion thickness

of the polishing layer form which a thickness difference is



including slurry armposition and thickness change. In process 407, a
projected change in the slurry feed armdi spensing 5 position is then
determ ned to achieve a desired thickness difference change. For exanpl e,
the projection is nmade by referenced to the database of archived data
including applying either a previously determned or a newy derived
relationship correlating the slurry fegd arm di spensing position and 10
pol i shing | ayer thickness difference change between the center and

peri phery portion of the polishing |ayer. Preferably, the projected change
in slurry armdispensing position is determned to mnimze a difference
in the polishing |ayer thickness between a center portion and peri pheral
portion in a subsequent 15 CMP polishing tinme period. In process 409, the
slurry armdesermipssi theane@nt 0 thle Pe@iiphbed] S| MFd o MadlSPeAs| NGePOSL i ON
and a subsequent CWP polishing tine period carried out. As indicated by

direction poetiss. arrmwrbkhkssPho6essedatMaddiughchPrOsass o Q% ﬂ%gate
optionally repeated to achieve a reproducibly 20 consistent polis |ng(?ayer

thi ckness unclodiid ysludwdifg pdsi@bhs BhAY cha¥ele £ RER1 1 | 80l Brac-Q0P
process. 25 The preferred enbodi nents, aspects, and feafures of the

407, a projected change in the slurry feed arm dispensing

5 position is then determined to achieve a desired thickness
difference change. For example, the projection is made by
referenced to the database of archived‘data including applying
either a previously determined or a newly derived relationship
correlating the slurry feed arm dispensing position and

10 polishing layer thickness difference change between the center

and periphery portion of the polishing layer. Preferably, the

projected change in slurry arm dispensing position is determined

to minimize a difference in the polishing layer thickness

between a center portion and peripheral portion in a subsequent
15 CMP polishing time period. In process 409, the slurry arm is
reposition;d to the projected slurry arm dispensing position and
a subsequent CMP polishing time period carried out. As
indicated by direction process arrow 411, processes 401 through
process 409 are optionally repeated to achieve a réproducibly
20 consistent polishing layer thickness uniformity including a

polishing layer edge profile in a CMP process.



i nvention having been described, it will be apparent to those skilled in
the art that nunmerous variations, nodifications, and substitutions nay be
made wit hout departing fromthe spirit of 5 the invention as disclosed and
further clainmed below 26 CLAIMS What is clained is: 1. A method for
perform ng a chem cal nechanical polishing (CMP) process on a

sem conductor process wafer to conpensgge in-situ for differing materi al
renoval rates conprising the steps of. a) providing at |east one slurry
feed armarranged in a first dispensing position for dispensing slurry
onto a polishing pad in a CW process; b) carrying out the CVMP process for
a predeternined period to renove a portion of a polishing | ayer conprising
a process wafer; c) determining the thickness of the polishing |ayer at a
plurality of prEuetprafeaedd neadbsder®nts Ar @85e&HIPI bEANF Al uk8asbrt hthe
process wafer peripheral portion and the process wafer center portion; d)
det er mi ni ngnaedeson edasihs egeent ddsspamsd N0i P0si 11 OPe i BpHESHANSES t nddee

t hi ckness determ nation to approach a uniformthickness of the polishing

| ayer; andské)led] iistting dhe shak ryuheasharmtari Hes sURSEAIRRL ighspensi ng
posi-+i on conprising one of closer to polishing pad center portion and

closer to tshbspotutsitnmg mpad permpher i ciid i pak®ing from the spirit of

- 5 _ the invention as disclosed énd further claimed below.



conpensate for differing material renoval rates of the polishing |ayer. 2.
The nmethod of claim 1, wherein the subsequent dispensing position is closer
to the polishing pad center portion in the case the polishing | ayer at the
process wafer center portion is thicker than the polishing |ayer at the
process wafer peripheral portion. 3. The nethod of claim 1, wherein the
subsequent di spensing position is closer to the polishing pad peripheral
portion in the case the polishing |ayer at the process wafer peripheral
portion is thicker than the polishing |ayer at the process wafer center
portion. 4. The nethod of claim1l, wherei2h steps b) through e) are repeated
periodically during the CM process. @TAI®S The nethod of claim1, wherein
step c) conprises one of an in-situ and ex-situ optical nmeasurenment of the
polishing layer. 6. The nethod of claim35, wherein the optical neasurenent
process cqﬁB{h ingggécal interferometry. 7. The method of claims5,

t

wherein the ness of the polishing layer is determned according to
measur eneht ar Aametholp fae gerdbomigg a8 cheidal @ hshi (ﬂfshihfg {CPPrR6Rss on a
wafer. 8. The thod of claim 1, wherein the step onprises carrying out

a set of SSHIERR Y"érﬂﬁ‘@aeﬁs n¥efeticlo 6prapensatsr di-vity M éﬁfea@gowateélal BB srateé
det er m nec@néﬂlﬁéiﬁﬁ%& sQpf ference between the polishing layer at the
process wafe ter ortl on and the polishing |ayer at the process wafer
peri pheral por &) providing Bhéeasebhodluody fekdiamm8srraniged @& i filse dispaping) pasitigor foses

carrying glléf)enasmg stlurry onto a polishing pad in a CMP process;

b) carrying out the CMP process for a predetermined period to remove a portion of a
polishing layer comprising a process wafer;

¢) determining the thickness of the polishing layer at a plurality of predetermined
measurement areas comprising at least the process wafer peripheral portion and the process
wafer center portion;

d) determining a desired subsequent dispensing position in response to the thickness
determination to approach a uniform thickness of the polishing layer; and,

e) adjusting the slurry feed arm to the subsequent dispensing position comprising one
of closer to polishing pad center portion and closer to the polishing pad peripheral portion to

compensate for differing material removal rates of the polishing layer.

2. The method of claim 1, wherein the subsequent dispensing position is closer to the
polishing pad center portion in the case the polishing layer at the process wafer center portion

is thicker than the polishing layer at the process wafer peripheral portion.

3. The method of claim 1, wherein the subsequent dispensing position is closer to the
polishing pad peripheral portion in the case the polishing layer at the process wafer peripheral

portion is thicker than the polishing layer at the process wafer center portion.

4. The method of claim 1, wherein steps b) through €) are repeated periodically during the
CMP process.



preprogranmed instructions according to an automated process to out put
instructions to adjust the slurry armto the subsequent dispensing
position in response to the thickness difference. 10. The nethod of claim
9, wherein the preprogrammed instructions enploy a predetern ned

rel ati onship wherein the subsequent dispensing position is selected in
response to the thickness difference conpared to a previously determ ned
t hi ckness difference. 11. The nethod of claim9, wherein the preprogramred
instructions enploy a predeterm ned decision tree conprising a
predet erm ned thickness difference wi ndo®7 conpared to the thickness

di fferencé. to Tht arthddhef dailes eauBatinktEGPON OGP 60 inkRu andex ¥Rl BpGcof
claim 10, further caonprising reference to archived data to determ ne the

pr edet er ninsatirsaenof Shespplishingdayers. The nethod of claim 12, wherein steps
b) through e) are repeated at |east once followed by archiving data
conprising the subsequent dispensing position and the thickness difference

change. 14. A Tht meghédof ethimss,i wherainstheropyicileaesureaidit Pasdets @nprised optical
chem cal mechanical polishing (CMP) process to conpensate for differing
material M® Qe %t es conprising the steps of: a) carrying out a first CWP
pol i shing period including supplying slurry froma slurry armincluding a
di spensing position for a predeterm ned period of tinme on a process wafer
conpri sing. a pdheghéthgd lofyodaint 5, whemiretle thivkhegnofotheapqishing Haywy ik algrminell

determ ning a.,thickness of the polishi | ayer in-situ al ong the process
waf er sur f‘gc(?édm% Shpererergentareas é]ﬁpoéelﬁp?ggq%ﬁi)i??ét ?%/é?mﬁ@F Pgﬁlﬁ‘g PEIceoVFon and
a polishing layer center portion;
8. The method of claim 1, wherein the step d) comprises carrying out a set of
preprogrammed instructions according to an automated process to determine a thickness

difference between the polishing layer at the process wafer center portion and the polishing

layer at the process wafer peripheral portion.

9. The method of claim 8, wherein the step e) comprises carrying out a set of
preprogrammed instructions according to an automated process to output instructions to adjust

the slurry arm to the subsequent dispensing position in response to the thickness difference.

10.  The method of claim 9, wherein the preprogrammed instructions employ a
predetermined relationship wherein the subsequent dispensing position is selected in response

to the thickness difference compared to a previously determined thickness difference.

11.  The method of claim 9, wherein the preprogrammed instructions employ a
predetermined decision tree comprising a predetermined thickness difference window

compared to the thickness difference to select the subsequent dispensing position.

12. The method of claim 10, further comprising reference to archived data to determine the

predetermined relationship.



c) determning a desired subsequent dispensing position in a subsequent CWP
polishing period in response to a thickness difference of the polishing

| ayer peripheral portion conpared to the polishing | ayer center portion;
and, d) adjusting the slurry feed armto the subsequent di spensing position
conprising one of toward the polishing pad center portion in the case the
polishing | ayer center portion is thicker than the polishing |ayer

peri pheral portion and toward the polishing pad peripheral portion in the
case the polishing | ayer peripheral portion is thicker than the polishing

| ayer center portion. 15. The nethod of 28l ai m 14, wherein the step of
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comprising a polishing layer to remove a portion of a polishing layer;

b) determining a thickness of the polishing layer in-situ along the process wafer surface
comprising at least a polishing layer peripheral portion and a polishing layer center portion;

¢) determining a desired subsequent dispensing position in a subsequent CMP
polishing period in response to a thickness difference of the polishing layer peripheral portion
compared to the polishing layer center portion; and,

d) adjusting the slurry feed arm to the subsequent dispensing position comprising one
of toward the polishing pad center portion in the case the polishing layer center portion is
thicker than the polishing layer peripheral portion and toward the polishing pad peripheral
portion in the case the polishing layer peripheral portion is thicker than the polishing layer

center portion.

15.  The method of claim 14, wherein the step of determining a thickness comprises an in-

situ optical measurement process.

16.  The method of claim 14, wherein the preprogrammed instructions employ a
predetermined relationship wherein the subsequent dispensing position is selected in response

to the thickness difference compared to a previously determined thickness difference.

17. The method of claim 14, wherein the preprogrammed instructions employ a
predetermined decision tree comprising a predetermined thickness difference window

compared to the thickness difference to select the subsequent dispensing position.



preprogranmed instructions according to a conputer controlled programto
determ ne the thickness difference. 20. The nethod of claim 19, wherein
the step d) conprises carrying out a set of preprogranmed instructions
according to a conputer controlled programto output instructions to
adjust the slurry armto the subsequent dispensing position in response to
the thickness difference. '

29
18. The method of claim 14, wherein steps b) through e) are repeated at least once

followed by archiving data comprising the subsequent dispensing position and an associated

thickness difference change.

19.  The method of claim 14, wherein the step c) comprises carrying out a set of

preprogrammed instructions according to a computer controlled program to determine the

thickness difference.

20.  The method of claim 19, wherein the step d) comprises carrying out a set of
preprogrammed instructions according to a computer controlled program to output instructions

to adjust the slurry arm to the subsequent dispensing position in response to the thickness

difference.



