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

| MPROVEMENT IN CMP 5 FIELD OF THE | NVENTI ON This invention generally
relates to chem cal nechanical polishing (CW) and nore particularly to a-
dynam cally adjustable slurry feed armand nethod for adjusting the sane
for inproving a polishing |ayer thickness uniformty including a 10
process surface wafer edge profile in a CVMP 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 nmethod. The
manuf act uri ng pr ocessPYNANTCAEE.YaADJURTABLE SBUNRDTFEIEPARME @@ t echni ques to
formthe various |ayered features including various etching techniques
such as anisotropic pl H8RER ARGH PROFOLE orNeRbREMERTT BRtdMEe openi ngs 20

foll owed by deposition techniques to fill the device features. In order to
formreliable devices, close tolerances are required 2 S

S FIELD OF THE INVENTION
This invention generally relates to chemical mechanical
polishing (CcMP) 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 wmaterial in a bottom-up
manufacturing method. The manufacturing process utilizes a wide
variety of deposition techniques to férnl the various layered
features including various etching techniques such as
anisotropic plasma etching to form device feéture Openingé

20 followed by deposition techniques to fill the device features.

In oxrder to.form reliable devices, close tolerances are required



in formng features including anisotropic etching techniques

which rely

heavily on | ayer planarization to formconsistently deep anisotropically
etched features. 5 In addition, excessive.degrees of surface nonplanarity

will undesirably affect the quality of several sem conductor

manuf act uri ng process including, for 2xanple, photolithographic patterning

processes, where the positioning the i mage plane of the process surface

within an increasingly limted depth of 10 focus window is required to

achi eve high resolution sem conductor feature patterns. Chem ca

mechani cal polishing (CWP) is increasingly being used as a planarizing

process fo&nsggh%8%§u3£gr device |layers, 15 especially for devices having
N

mul ti-Ievel design
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exanple, b about . 0.25 mcron. CWP planarization is typically used
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devi ce, ingluding planati zi | eyel s of a device 20 containing both

di el ectri cﬁggg én}gjtsg trﬁgr}f?joﬂg ﬁté:\{‘ﬁéhf%%%“rgq%bal pl anari zation for

subsequent processing of overlying levels. 3
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In addition, excessive.degrees of surface nonplanarity will

undesirably affect the quality of several semiconductor

10
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manufacturing process including, for example, photolithographic
patterning processes, where the positioning the image plane of
the process surface within an increasingly limited depth of

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,
especially for devices having multi-level design and smaller
semiconductor fabrication processes, for example, below about
0.25 micron. CMP planarization is typically used several
different .times in the manufacture of a multi-levél
semiconductor device, including planarizing levels of a device
containing both dielectric and metal pértions to achieve global

planarization for subsequent processing of overlying levels.



For exanple, in the CMP of oxide containing |ayers such as dielectric
insulating layers also referred to as inter-layer dielectric (ILD) |ayers
and inter-netal dielectric (I MD) layers, it is inportant to achieve a
hi gh degree of planarity during ILD 5 renoval. For exanple, follow ng
formation of the ILD layer, via forn®tion process is carried out to form
el ectrical interconnections between electrically conductive portions of an
underlying ILD |l ayer and an electrically conductive portion of an
overlying ILD layer. In the event that the thickness 10 uniformty is not

wi thin specifications followng the oxide or |LD CVWP process, a subsequent
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5 removal. For example, following formation of the ILD layer, via
formation process is carried out to form electrical
interconnections between electrically conductive 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 followiﬁg the oxide or
ILD CMP process, a subsequent anisotropic etching process in
relatively thicker ILD layer 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. Oon 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.




el ectrical resistances. 4 The well. known Preston equation generally
explains the polishing nmechanismfor dielectric |layers, particularly
SiO[err] containing dielectric layers. Generally the rate of renoval is
proportional to the applied pressure, the relative velocity 5 between the
waf er and the polishing pad and a progortionality 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 role of the slurry in formng a
hydr odynam c | ayer underneath the wafer polishing surface during CVWP. The
di stribution of the slurr%(/ with respect to the polishing surface has
received |ittleThet &fettilonknewn h@reston arduatFon eyaiglaelyi texg1sikgownd hat
bot h mechani cal and chem cal processes account for 15 polishing of the
surface. FaPléghiRg e megchanienl fmocdssbsctrie kapars t 0 pderi dat8190 £h6,
mcro scale in renoving material while nechanical 'processes dom nate on
the macro $ORfeining dadmsiteicnlayemsvi ngetegililspahe edctheswabdsyaurace.
In addition, the  condition of the polishing pad affects both chem cal and
proportional to the applied pressure, the relative velocity

5 Dbetween 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 1role 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 processes are
known to dominate on the micro scale in remoﬁing material while
mechanical'érocesses 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.



20 nechani cal processes. 5 Prior art processes have proposed feeding the
slurry through the polishing pad to nake the delivery of the slurry to

t he wafer polishing surface nore uniform This process has nmet wth sone -
success but has proved difficult to control with 5 respect to varying
~polishing pad surfaces and the particular CVMP nachi 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 at varying rates of speed relative to
10 one another. Prior art approaches to conpensate for this effect have

i ncl uded maki er _hol der surface carri sI| htly . convex to
achi eve hlgheggbé1|s ng PEPETSH° t Ve ce% ng? t?ﬁ?vwﬁ IY¥Thi s
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appar at usw\ﬁ@ﬁr %%et hgucsc!eusrsr ybut has proved difficult to control with

S 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
slurryl 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



20 may be selectively delivered to achieve consistently uniform polishing
| ayer thicknesses by selectively delivering the slurry 6 to predeterm ned
areas of the polishing pad to conpensate for differing material renova
rates across the wafer surface. It is therefore an object of the invention
to provide 5 an inproved CMP net hod @&nd appar atus whereby the slurry may
be selectively delivered to achi eve consistently uniform polishing |ayer
t hi cknesses by selectively delivering the slurry to predeterm ned areas of
the polishing pad to conpensate for differing material renoval rates
across the wafer surface while 10 overcom ng ot her shortcom ngs and
deficiencies in the prior art. SUMWARY OF THE | NVENTION 15 To achi eve the
f or egoi ng teNPTEEREPTBIIECtareagn P nthackel HiHEW Wadth thecpmepssss 6brt he
present invention, as enbodied and broadly described herein, the present
i nvent i ondipfevindagegjahmenava) saFestamiossstheryefaeduaiasand net hod for
adjusting the sane in a CW process. 20 . In a first enbodi nent, the nethod
i ncl udes carrying out the
- 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
predetermined areas of 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



CWVP process for a predeterm ned period of time on a substrate conprising a
polishing | ayer to renove a portion of a polishing |ayer; determ ning the

t hi ckness of the polishing layer at a plurality of predeterm ned

measur enent areas conprising at |least a polishing |ayer peripheral portion
and a polishing- layer center portion; determ ning a desired subsequent

di spensing 5 position to equalize the thickness of the polishing |ayer;

and, adjusting the slurry feed armto the subsequent dispensing position
such that the slurry is dispensed over the polishing pad at the subsequent
di spensi ng position conprising one of closer to the polishing pad center
portion and closer to the 10 polishing pad peripheral portion. These and
ot her enbd@¥fEnt SCERTTFERUr BRE ot MERENSGSH 9k | BRe  WPRLshangel 2¥er uAblefst ood
froma detail ed description of the preferred enbodi nents of the invention
whi ch ar e FHYFRhETY oY PIEESERFHERRD IRFUrRTERR) HRAT GIPMBITE Firpeatadeampanyi ng
Figures. BRI EF. DEQCRI PTI ON OF THE DRAWNGS Figure 1A is a top view of an
exenpl ary IOMBPEIIERY 1 La¥RF PeoiRhATahd PONPLISY s e@d agcraliisging grpver

enbodi ment_ of the present _invention. .
center portion; determining a desired subsequent dispensing

S position to equalize the thickness 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.



8 Figure 1B is a top view of a portion of an exenplary dynam cally

adj ustabl e slurry feeder armand CVMP system according to an enbodi nent of
the present invention. Figure 2 is an exenplary process flow di agram
according to an enbodi nent of the present invention. Figure 3 is an

exenpl ary process flow di agram accordng to an enbodi nent of the present
i-nvention. 10 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Wil e t he
met hod according to the present invention is explained with reference to an
oxi de containing ILD |ayer, will be appreciated that the nethod of the
present invention may 15 be advantageously applied to the renoval of any

dielectric | ayer m@er selective deLiver¥ of the slurry to the gpﬁishing
pad surface Y58 ddvahtadeohSPy EEMected it PTEHBENS e@Pore X @PLFEY i ng

material renoval .rates of a polishjng layer. 20 Referring to Figure 1A is
shown a tgﬁn%W%ﬁﬁlgV aﬁdéyﬁﬁﬂggﬁy %ﬂﬂé%ﬁrnﬁ%?qﬁF a %&hp SBQisﬁMﬁg g¥§F%ﬂh
i ncluding_a se.ect%vel 9 . . .

according to an embodiment of the present invention.

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 refere'nce 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




adjustable slurry feed arme.g., 12 according to an enbodi nent of the

i nvention, positioned above a rotatable polishing pad surface 14, for
exanpl e adhesively attached to an underlying rotatable platen (not shown).
The slurry feed armmay be any 5 shape, for exanple curved, L shaped, or
extending directly from a slurry fee@ arm positioning neans (as shown),
for exanple pivoting joint 16. Included in pivoting joint 16 is a neans
for selectively adjusting the slurry feed arm 12 slurry di spensing point,
for exanple the distal end 12B, to a predeterm ned 10 position over the
polishing 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 asadshevablhy shiu iRl 4.4 row 15A.a 5B. Foy exanple, . the
pivoting joint 16 includﬁgﬁ an aé}usfﬁg}é %?e%%g%rgﬁg%ré?o?ns PRedingaty

movi ng a mafeatle 1dHvahaidn, ( $hauo) t ich the slyrry feed arm12 is
attached at the pivot jointq%%”to nnéeE%ﬁggs%hr$%k%%§§;eaﬁﬁp§ﬁ PPy pad

di spensi ng suaghok , 12, 9.cordl stlp1eN 2R RiST LABLYe e SLUr Ly, dispensi ng
e efy &

position of the slurry feed armmay be selettiv noved tBhal o ST e Eent er
of the polm@haagbnadpratédeﬂaétgygwg¢[|p@g&yEgLrgpef%gdpgkhsggggbgagngs

i ndi cated by directional arrows 15A and 15B.

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 example, the pivoting joint 16 includes
-an adjustable stepper motor for selectively moving 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 periphery-of the

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

Preferably, the means for selectively adjusting the slurry feed



Preferably, the neans for selectively adjusting the slurry feed 10 arm for
exanpl e a stepper notor, allows the slurry dispensing position to be noved
inincrenments as small as 2nmincrenents, nore preferably as small as 1mm
increnents. 5 In operation, the slurry feed arme.g., 12 projects over the
associ ated polishing pad surface e.g.10 14 at a predeterm ned position and
di spenses polishing slurry onto the polishing pad surface during the
polishing (CWMP) 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.arﬁgrfggagggﬁp%%hgngg%éééé1%§§g:2qdﬂgkgst%ep%ﬁcess fer i.n place

. uxnr lspensing.
by nechani cal neans or ressure nmeans I nclhudrhg arr §3pﬁlty to
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increase pressure at a center portion and at a periphefa Portion of the
waf er . Th%o§gu§£gfg1%%qyaégl srﬂ%llpra%f g{‘nﬁbgl;(mlencln%des separate liquid supply
oused wt "

t ubes (not shown) I'n the slurry éed arm 16 to separately
provide polishing slurry and cleaning or rinsing liquid, respectively,

L) 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 mechanicalymeans 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 rimsing 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



20 to the surface of the polishing pad e.g., .14. The slurry feed arm12
optionally includes several spray nozzles (not shown) to 11 provide a

hi gh-pressure rinse at the end of each polishing and conditioning cycle.

It will be appreciated that the slurry feed arm 12 may include nore than
one slurry dispensing opening e.g., 1dt 12B along the slurry feed arm but
hereinafter the dispensing 5 position of the armwi |l refer to the position
of the nost distal slurry dispensing opening, for exanple located in a

di stal segnent e.g., 12B of the slurry feed arm12. Optionally included in
the CMP polishing systemalong with the dynamcally adjustable slurry feed
arm12 is a pad conditioner arme.g., 18, 10 for exanple including a

di anond enﬁ€6ﬂé@ec@nbhghfpuangumadrlﬁge ggngﬁgtbﬂ@ r '
pre-conditioning the polishing pad 14. It wl beggpégégléé{iFQW%ﬁ 288y er al

dynami cal | $ord} tistraivige cyslar r yIf ead 121086 JRBY: E@éé lyded in
polishing station systemfor CW pollshlgg %f sé%fcqgg & orggfgfeéffﬂafers

at 15 | easPrBnd2 dymanircdhky adiestiabl @l WLy egds ef er abl rovi ded
for each polishing station. For exanple, the varlodﬁg Pléﬁfﬁgggta%|0ns

may be used@tf 2B difdrar éhe pobishi NESLERS bl herelnafter 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 e.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
system for CMP polishing of semiconductor process wafers at

15 least one dyhamically 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



a sequential CMP polishing procedure. In operation, the polishing pad 14
is rotated sinultaneously 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 12 including the wafer process surface held
in contact wwth the polishing pad id2sinultaneously rotated and optionally
linearly noved across the polishing pad surface e.g., 14. 5 In one

enbodi ment of the invention, a means for in-situ nonitoring the renaining
t hi ckness of the polishing |ayer (layer being polished), preferably an
optically transparent material |ayer, for exanple an oxide |ayer, is
provided with the CWP polishing systemincluding the dynamcally

adj ust abl ensluding 1hd epgrar MprEQlsLXamPt£d NG TRaNs £8h JANI &:961{ ngpd he
thi ckness of the oxide layer is preferably by periodic optical

neasureneﬁéfhsﬁﬂhdi@%dW@%e%1ﬂﬁht§Hé£ﬂbﬁv”gé%g%edFQﬁdeéﬁgxgﬂélfyﬁﬂl égrl
interferonetry as is known in the art 'may be applied to the frontside or

the, backgbele fcrbBe VRE §501USHRHGSHAD! K1 FacaULtd Pl 8415 wavel ength
t echni ques including ultraviol et and vi si bl e mavelengths or infrared
wavel engths applied to a silicon' wafer

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 material
layer, for example an oxide layer, is provided with the CMP
polishing system including the dynamically adjustaﬁle 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 known in the art may be applied 4to the
frontside 6r the backside of the wafer using .single or multiple

15 wavelength techniques including ultraviolet and vigible

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



backsi de. Referring to Figure 1B, is shown an exenplary portion of a 20
CWP polishing systemincluding the dynam cally adjustable feed arm 12,
showing a top view of a wafer carrier head 22 including 13 a |ight

communi cati on pat hway 24A, for exanple including a plurality of optical
fibers supplied to predeterm ned nead@® ing areas over the backside of the
process wafer for supplying optical signals, for exanple infrared

wavel engt hs and receiving 5 optical signals reflected fromthe frontside
‘waf er process -surface, for exanple, including an oxide |ayer being

pol i shed (oxide polishing layer) in a CVWP process. For exanple, |ight
conmuni cati_on thway 24A is in signal. communication with an opti cal

si gnal det &t%f@/ fhalCyPBINEoRE iopor PaldiAY e2fhc| Udimgenaeplel 0ineludig OAt i cal
detectors and ns for collecting and anal yzi ng a spectrum signal strength
and phase & uﬁgf’e ¥ th PYicght fdpghal suprbisd/dw fromicthenpeid shiasgiayer
for exanple_in an optical _interferonetry process. It will be appreciated
that si gnaf* edmiifitcationPagysidrl afie Whie ePresesonmEAECatfioon dupplyk hght

optical signals, for example_infrared wavelengths and receiving

5 optical signals reflected from the frontside wafer process
surface, for example, including an oxide layer being polished
(oxide polishihg layer) in a CMP process. For example, light
communication pa?hway 24A is in signalf communication with an
optical signal detector/analyzer 24B, for example including one

10 or more optical detectors and means for collecting and analyzing
a 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 from 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 obtical 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




15 sensors (detectors) enbedded in the wafer carrier head 22 and
transmtted to the optical signal analyzer 24B. It wll also be

appreciated that the optical sources and optical signal collectors may be
posi ti oned under the polishing platen, the polishing platen and polishing
pad provided with a wi ndow (not 20 shHewn) for sanpling the polished
(frontside) of the wafer. There are several commercially avail abl e opti cal
interferoneters 14 for making optical interferonetry neasurenents whi ch may
be suitably used with the present invention provided a plurality of

optical neasurenent data may be collected fromthe optical signal

anal yzer/ detector at predeterm ned optical neasurenent 5 areas disposed

across at Feastmakiegdi apretcel ofnt&Eferoneess Wak@lrefthiACen:aG! Ugiyngyat
| east a peripheral and a central portion of the polishing surface, ?ron1

which a remalwiliy peledshinl thyesreddnicckRess: 181 eviubgedysnilay iyt pact ed.
In one enbodi nent, the optical neasurenent data includes polishing rate

data from ¢ptprademenminecbapt Hagh MegsubemRI¥11aEeas WHiLD ane Rekiadical ly
collected and transferred to a data receiving, manipulation and
signal analyzer/detector at predetermined optical wmeasurement
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 éubsequent position,
20 followed by a subsequent CMP polishing time period, the stepé of

in-situ measurement, transfer, polishing layer thickness



signal outputting neans unit, for exanple a controller 28, for automated
anal ysis, preferably in real time during the CMP process, to periodically
determ ne a renmining polishing 'layer 15 thickness at the predeterm ned
optical. measurenent areas. Preferably, the controller 28 is preprogranmed
to output commands to the slurry fedd arm adj ustment neans in response to
a determ ned polishing | ayer thickness to nove the slurry dispensing
position to a predeterm ned subsequent position, 20 followed by a
subsequent CMP polishing time period, the steps of in-situ measurenent,
transfer, polishing |layer thickness 15 determ nation, and slurry feed arm
adj ust ment being optionally repeated to pr oduce a polishing layer with an
i mproved t 4G f t clu Shl ng | ayer edge

(peri pheral) iég?%?ﬁ%y %{rg a%lol%lﬂr r éejrﬂﬁgaﬁ‘l?‘?g Jughment o il)?an%oPP’émf}?gUIYayer

t hi ckness /RRASHEENEN L RR be used .as | ong, as measur enent data may be
col l ected al ong at | east o%% g:aé %er?“b? W&rpVgEIés‘%n wdRgevedyErbdeessom

which a ren®yirbpgi P! 'ﬁmlqgiiln%yera th %%gminayer edge

profile.

(peripheral)

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 the proceés wafer
surface from which a remaining polishing layer‘thickness may be

10 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 layers may be provided to
undergo a CMP polishing process in parallel with the process
15 wafer, the one or more thickness monitor wafers being removed
periodically to undefgo 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

20 preprogrammed instructions and takes steps similar to the in-

situ process. For example, a polishing layer thickness



10 extracted including at |east a peripheral and a central portion of the
polishing surface. For exanple, in a near-real tine ex- situ process, one
or nore thickness nonitor wafers with substantially simlar polishing
| ayers may be provided to undergo a CVP polishing process in parallel with
the process 15 wafer, the one or noreggd hi ckness nonitor wafers being
renmoved periodically to undergo an ex-situ thickness neasuring process,
i ncludi ng optical nethods, for exanple FTIR spectroscopy or ellipsonetry.
Preferably, the ex-situ neasurenent results are then transferred to the
controller 28 which includes 20 preprogramred i nstructions and takes steps
simlar toﬁ_t&régtlgn- sit;[gl process. For exanple, a polishing |ayer thickness
16 i ncl udi Feasat alepentt er cpatét OPoAfthA RGN P ortion of the
pol i shing wafer is deternined foll oweg by apr?rqu?i g)fg’%ggflérz%etlr FXFofR b nove
t he sl urry‘*‘éedpahﬁlti@ga wefiedi spENHdt@ rapasht i lior‘!,egjes onse to the
determ nedigg};i shing layer 5 thickness, for exanple a t hPEkrfddEo8ri1%es ence
bet ween a Fadleratls pgor tiaore atttk asT@ALE! rQQy ti the wafer. Still
referring to F,i:gure 1B, in exenplary ope)?atflé(ﬁl,él%qI Bh LG 1spensing
position in response to the determined polishing layer

5 thi .
ickness, for example a thickness difference between a

peripheral portion and a center portion of the wafer

Still referring to Figure 1B, in exemplary operation, a

plurality of. optical rﬁeasurement data points collected by the
10 optical measurement means, for example the optical signal
detector/analyzer 24B in an optical interferometry.measurement,
are collected from the optical measurement points made along at
least one wafer process surface diameter, preferably including
the wafer polishing surface periphery and center portion. The
15. collected optical measurement data points are transferred to
controller 28, for example including at least a processor (e.q.,
CPU), memory, apd a signal receiving and output wunit for

Com . . 3 . 3 -
iunicating with the optical signal detector/analyzer 24B by

co i i i
mmunication line 28B and the slurry feeder arm adjustment

20 me i i ‘
ans 16 by communication pathway 28C. It will be appreciated

& . . .
hat wireless Communication may be suitably used as the




plurality of optical nmeasurenment data points collected by the 10 opti cal
nmeasur enment neans, for exanple the optical signal detector/analyzer 24B in
an optical interferometry nmeasurenent, are collected fromthe optica
measur enent poi nts made al ong at | east one wafer process surface di aneter,
preferably including the wafer poli g ng surface periphery and center
portion. The 15 coll ected optical neasurenent data points are transferred
to controller 28, for exanple including at |east a processor (e.g., CPU)
menory, and a signal receiving and output unit for conmunicating with the
optical signal detector/analyzer 24B by comrunication |ine 28B and the
slurry feeder arm adjustnent 20 neans 16 by communi cation pathway 28C. It
will be appreenbgatdont hzthpiayel essPooimmabilgat itha rEljubeisyi habhy wsed as
the 17 comuni cati on pat hways. Preferably, the adjusting neans is a
st epper ntEPPEBr MekdrcEPwebplecvitdalng phetihyr tyef @eadraymebéd araund a
pivoting point 16A in a radial pathway over the polishing pad surface,
pr ef er abl prexpéndi ngivebimd heogoki shéhg i pad peibphepytHwayt heveenttae
portion of the polishing pad as

polishing pad 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. Preférably, 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 1least
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 wmove the slurry feeder arm to the desired
20 subsequent slurry dispensing position for carrying out a

subsequent CMP polishing period. The preprogrammed instructions



i ndi cated by direction arrows 15A and 15B. Preferably, the <controller. 28
is supplied with a conputer program |l oaded (e.g., conpiled) in nenory,
optionally including a graphical interface for . interactive programflow
control and data display, for 10 selectively receiving and anal yzi ng at

| east a portion of the .optical nead@ enent data. The conputer program
preferably includes preprogrammed instructions for determ ning a thickness
of the polishing material |layer. fromoptical neasurenent data preferably
i ncl udi ng nmeasurenent data di sposed along at |east 15 one dianeter of the
waf er polishing surface, determning a desired subsequent slurry

di spensing position of the slurry feeder armin a subsequent polishing
period topFeksweddy ancpold shiedgtbaydied hiitln@esioas f 85:idotl eapthutHut ting
instructions to nove the slurry feeder armto the desired 20 subsequent
slurry di spersilngepesi¢nornt fdatacand yadijugiingd the USSREHE HecGVP pak i N9
period. The preprogrammed instructions 18 preferably include predeterm ned
time perides feplleoitient | dgtd hemalgpticcabnaeasureerdedata podiadbiislg ng the
slurry feeder armthe data collection, data analysis, and slurry feed arm
positioniegpmand 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 polishiﬁg- Iayer,
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.




command functions preferably acting as a parallel process to the 5 CW

olishin rocess and optical neasurenent process. In one enbodi nent, the

p gnp p p

conmput er program includes programable instructions for determning a

desired dispensing position of the slurry feeder armaccording to a

predeterm ned 10 rel ationship. For eX&mple, a predeterm ned relationship is

- included in the preprogramred instructions for determning a desired

slurry feeder armposition in response to an input of a determ ned

t hi ckness difference of the polishing. |ayer, preferably including at

| east at a center portion and a 15 peripheral portion of the polishing

| ayer. In another enbodi nent, the programmable instructions are based on a

deci si on tree, RFIGTTERANBP eFidrss|r ropokeedrr exauplsuys dgubatentdits peNSE NG

position is determned in response to an input of a determ ned thickness

di f f erencé BEPHERA APl mrOCceger tfiown dattdrainidy pdrd pherialedp@oti ofowf ot he

polishing layer. 19 Referring to Figure 2, shows an exenplary

i npl ement &P oA BFLY af$Rdeyr amvabire yaposss tor adehérkhassagdétadast fed

position of the slurry feeder armin response to a thickness determ nation
of a pollshlng oxide layer 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 line) of the
process wafer, for example a plurality of evenly spacéd 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 by averaging four thickness Qalues, 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




of a polishing oxide |ayer according to a process flow diagram 5 In
process 301, a CWP process is carried out on an optically transparent
(e.qg., oxide material layer) In process 303, optical neasurenent data

al ong. a dianeter (neasurenent line) of the process wafer, for exanple a
plurality of evenly spaced points, @@ collected and transferred to
process controller to determ ne 10 a correspondi ng thickness of the
optically transparent polished material |ayer determned (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 an. opp L eri phery sides of the neasurenment |ine for exanple
15 by aveF3gr Tt fgﬁjr&g?ﬁps@kng%s desptRiiedwo tHi ckhessveahaes pemiplppdsi ng

si des of Qia jreasur enent |ine at the wafer periphery. 1In process 307, an
aver age t i tKiEss B of Hredift%erthssr thenaveragehengerepaition, thockmseampl e by

aver agi ngyt he A hi ckness_of at |east three thickness val ues correspondi ng
to poi nts onFRESSD Med8urénefRryicte tos¥hpre t kEewasfoat rebleer opapdtion. | n
process 309, a.difference between a center portion thickness and an edge

20 portioftHitRASRE i'® dEPer ANEEY I1feetheanWertagenqis i pher alispensing

5 ©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

10 distance toward the center of the polishing pad. As indicated
by process airectional arrows 311A and 311B, the processes 301

through 310 are optionally repeated.

For example, depending on thé magnitude of the polishing

15 layer thickness difference between a center portion and a
periphéral 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.

20 Alternatively, the slurry feed arm may be wmoved a predetermined

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




thickness Ais greater than the average center portion thickness B,

process 310A is carried out where the controller outputs instructions 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

peri pheral thickness Ais |less than2lhe average center portion thickness
B, process 310B is <carried out where the controller outputs instructions

to the slurry feed armto nove the di spensing position a predeterm ned

10

di stance toward the center of the polishing pad. As indicated by process

directional arrows 311A and 311B, the processes 301 through 310 are
optional |y repeated., .For exanplLe, depending on the_ magnitude of the

pol i shi ng“yhﬁ‘%efafe%}ilﬁ%"@ﬁﬁ%sg%f?lfeé}‘g’nc’@ SREER &PeBntePYSOREF B 2Ad a
peri pher portion.of_the polishing surface, the dispensing end of the
slurry fe ]%Ilcg(rn r%sﬁaglégemf%d “"éﬁgSY‘fDunF OHetEr MR fed thic dsrldtagngiye may

pr edet er ngnegirrlel ationshi p.hetween desired thickness difference change
slurry arit posiTton®r 28°A 2ePRaYi vel5PT tFEWILG BF9osedngr rondy bdewsved

redeternined. distance based on deci sion tree, for exanple dependin
21 réia 1onsﬁlp, ghe_sfhrry égeder arm (slurry dispenéQLg en&? is g

5 moved a predetermined amount from the previous slurry feed arm
position based on a determined th;lckness difference. Foxr
example, in one embodiment, the dispensing position of the
slurry feeder arm is moved from a érevious polishing position
including an initial polishing position, for example lying at

10 about the midway of the polishing pad, about 1lmm 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

and

on



whet her a thickness difference is greater than a predeterm ned thickness
di fference wi ndow. For exanple, the relationship may be |linear or non
linear. For exanple according to a linear relationship, th_ slurry feeder
arm (slurry dispensing end) is 5 noved a predeterm ned anount fromthe
previous slurry feed arm position b@®d on a determ ned thickness
difference. For exanple, in one enbodinent, the dispensing position of the
slurry feeder armis noved froma previous polishing position including an
initial polishing position, for exanple |lying at 10 about the m dway of the
pol i shing pad, about 1mmtoward either the center or peripheral portion of
the polishing pad for. every 100 Angstrons of thickness difference between
the center port!Hd®rraRévehe Péei phepabsiey tdentobnt 58 0l iShi-pg syrface.
For exanple, the dispensing position of the slurry armis nnvgd Wt 15
respect tom%yﬁiéﬁﬂﬁh§x§maﬁtytara1nfspﬂn&iﬁguﬁegigggndgg$§&g éhgosggpter of
the polishin ad if the center portion is relatively hi'cker “an cﬁhay
fromthe c8R 061%16‘9 t he pol Bshimprpadrés owar tort I‘@(ﬂgﬁieohgr%) d.EE é%
peri pher al ggﬂ}ion_of the polishing layer is relatively thic ef* 9
Position is moved a pPredetermined distance toward the center or

5 periphery of the polishing pad if the center portion is thicker
or thinner, respectively, by greater than a predetermined
amount. For example, the dispensing position of the slurry arm
is moved toward the center (or periphery) of the polishing pad
from a previous polishing position by about 2mm provided the
10 polishing layer center portion is thicker than the peripheral
portion by greater than about 250 Angstroms and by about 4mm if
the thickness difference is greater than 400 Angstroms.
Likewise, the slurry arm position is moved toward the periphery
of the 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
o . . .
0 a database including previously archived results including

feeder arm position and Qifference in thickﬁess achieved between



22 Alternatively, the dispensing position of the slurry armis noved with
respect to a previous slurry armdi spensing position according to a
decision tree. For exanple the dispensing position is noved a
predeterm ned di stance toward the center or 5 periphery of the polishing
pad if the center portion is thicker 23r 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 about 2mm provided the 10 poli shing
| ayer center portion is thicker than the peripheral portion by greater
t han about 250 Angstrons and by about 4mmif the thickness difference is
greater tdHanesG0 Angsriphery pokewnsef the whier ypakimlposi tshohades angied
toward the periphery of the polishing pad froma previous polishing
di st ance d5eateor dpngicm adrrespmedingitpe d fpolhehpey i pheical aport sbwryf t he
polishing surface is thicker than the center portion according to
pr edet er nferst alrinc kAéspent iffder @rsétion n andidederahbydi nentxeliidonsnitn ol | er
additionally includes 20 a database including previously archived results
i ncl udi ngpetween a slurry feeder arm dispensing position and desired
5 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 position 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 1is a process flow
diagram exemplifying another embodiment of the process for
dynamically adjusting the slurry feed arm. In process 401, a

15 OCMP process is <carried out on a polishing layer for a
predetermined time period. In pr&cess 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 include

20 at least a peripheral thickness 'and a center portion thickness

of the polishing layer form which a thickness difference is




feeder armposition and difference in thickness achi eved between 23 at
| east a periphery portion of the wafer polishing surface and a center
portion corresponding to a polishing period at a slurry feed arm
~di spensing position. Preferably, a relationship between a slurry feeder
arm di spensing position and desired 24degree 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 subsequent CVP polishing 10 period. For
exanple, referring to Figure 3 is a process flow diagram exenplifying
anot her eﬁ’BBﬁ’Frh’é'm% ofPetHeepr okl s perirhyneani partiyomdj arst i nhet heesltarry
feed arm In process 401, a 15 CWP process is carried out on a polishing
| ayer. for PRrtiRidetldy BrREESE i #R5 per idBdabpgeppboashised, datpl i alpdayedf
polishing_layer_thickness measurement points are collected along at |east
one di anefBFlingh&ingrdr apRopesit en fard. tifiskneps| ¢lednigry | afrepudsieskness
nmeasur enent poi nts preferably include
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 1layer thickness
between a center portion and peripheral portion in a subsequent
15 CMP polishing time period. In process 409, the slurry arm is
repositioned 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 reproducibly

20 consistent polishing layer thickness uniformity including a

polishing layer edge profile in a CMP process.



20 at | east a peripheral thickness and a center portion thickness of the
polishing layer formwhich a thickness difference is 24 determ ned between
t he peripheral portion and the center portion. In process 405, a database
of archived data is updated including slurry arm position and thickness
change. In process 407, a projectedabhange in the slurry feed arm

di spensing 5 position is then determned to achi eve a desired thickness

di fference change. For exanple, the projection is made by referenced to

t he dat abase of archived data including applying either a previously
determned or a newy derived relationship correlating the slurry feed arm
di spensi ng posj,tion apd 10 polishing |ayer thickness difference change

bet ween t he ce#ﬁeerpr%ﬂ’d”i‘?élriﬁﬂ}é?‘%ﬂ“t?@rtﬁi'orﬁ%ﬂecﬁﬁe pold sheagiegyepf the
Preferabléh t he, 4¥$Hected change in slurng arm di spensi ng position is

det er mi ned™VEB-HiThi 1289 Ry é%geeﬁﬁébﬁﬁ:tﬂ MALLskengpanayentt kpclkhess

bet ween a eﬂte ortion and peripheral portion in a subsequent 15 CWP
polishingsgf e{maq(ﬁﬁeIq$tpﬁ3€§s§“ﬂ69?“FhEaEHQH%QVSarﬁpﬁéfi¢4ﬂi§§ﬁtieﬂéd to
t he projectgd sl yrry arm di spensi ng position and a subsequent CWVP

polishingsFlﬁ%ﬁfﬁﬁﬁééﬁ Favr Pd "6de. WAshout departing from the spirit of

5 | the invention as disclosed and further claimed below.



i ndi cated by direction process arrow 411, processes 401 through process
409 are optionally repeated to achieve a reproduci bly 20 consi st ent
polishing layer thickness uniformty including a polishing |ayer edge
profile in a CVWP process. 25 The preferred enbodi nents, aspects,
features of the invention having be@® described, it will be apparent to
those skilled in the art that nunerous variations, nodifications, and

and

substitutions may be made without departing fromthe spirit of 5 the
invention as disclosed and further clainmed below 26 CLAIMS Wat is cl ai ned
is: 1. Anethod for adjusting a slurry feeder armposition in a chem cal

mechani cal polishing (CMP) process conprising the steps of: a) providing at
| east one slurry feed armarranged in a first dispensing positi

on over a

rotatabl e polishing platen conprising a polishing pad for dispensing
"slurry onto the polishing pad in a CNE-AMScess;

What is claimed is:

1. A method for adjusting a slurry feeder arm pbsition in a
chemical mechanical polishing (CMP) process comprising the steps
of:

a) providing at least one slurry feed arm arranged in a
first dispensing position over a rotatable polishing platen
comprising a polishing pad for dispensing slurry onto the
polishing pad in a CMP process;

b) 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 layer;

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

d) determining a desired subsequent dispensing position to

equalize the thickness of the polishing layer; and,



b) carrying out the CWP process for a predeterm ned period of tine on a
substrate conprising a polishing layer to renove a portion of a polishing
| ayer; c) determning the thickness of the polishing layer at a plurality
of predeterm ned neasurenent areas conprising at |east a polishing |ayer
peri pheral portion and a polishing | &7r center portion; d) determning a
desired subsequent dispensing position to equalize the thickness of the
polishing layer; and, 27 e) adjusting the slurry feed armto the subsequent
di spensi ng position such that the slurry is dispensed over the polishing

pad at the subsequent dispensing position conprising one of closer to the
polishing pad center portion and closer to the polishing pad peripheral

oLt P 7 Lreome! UL 0 Dt Mok AR R e
o erd P R S R R e
. equent dispensing pPosition comprising

one of closer to the polishing pad center portion ang closer to

the polishing pad peripheral portion.

2. Th : i
e method of ‘claim 1, wherein the subsequent dispensing

ositi i i
p ion 1s closer to the polishing pad center portion in the

case 1ishi ’
the polishing layer center portion is thicker than the

polishing layer peripheral portion..

3. .
The method of claim 1, wherein the subsequent dispensing

ositi i ishi

P tion is closer to the polishing pad peripheral portion in

the ishi
A case the polishing layer peripheral portion is thicker than

the polishing layer center portion.

4, i ‘
The method of claim 1, wherein steps b) through e) are

r .
epeated at least once to achieve a polishing layer thickness



position is closer to the polishing pad peripheral portion in .the case the
polishing | ayer peripheral portion is thicker than the polishing |ayer
center portion. 4. The nethod of claim1l, wherein steps b) through e) are
repeated at | east once to achieve a polishing |ayer thickness. 28 5. The
met hod of claim1, wherein step c) c@®rises one of an in-situ or ex-situ
optical neasurenent process of an optically transparent polishing |ayer,

6. The nethod of claim5, wherein the in-situ optical measurenment process
conprises optical interferonetry. 7. The nmethod of claimb5, wherein the

t hi ckness of the polishing |ayer is determ ned according to neasurenent

areas di spgsedygl | east, _one _di aneter of the polishing |ayer. 8. The
net hod of claim 1, aﬂé?%%ﬁﬁ?ﬁéaépeﬁ'drﬂEBﬁb?iﬁﬁﬁ¥ QarGYPRgSeTt O seft ¥

preprogr ammpeg dinst rdictd.ol ccording to_an automated process to determn ne
a thickness difTerencé! gﬁﬁgeﬁpt%ﬁggp8F?§H?W&nFa?%PC€§ﬁt@F BBr CPbRCANEY t he

pol i shi ng | @y&lspRERt ARSY AlniRYT L 00; 29

6. The method of claim 5, wherein the in-situ optical

measurement process comprises optical interferometry.

7. The method of claim 5, wherein the thickneéss of the
polishing layer is determined according to measurement areas

disposed along at least one diameter of the polishing layer.

8. The method of claim 1, wherein the step d) comprises
carrying out a set of preprogrammed instructions according to an
automated process tq determine a thickness difference between‘
the polighing layer center portion and the polishing layer

peripheral portion.




9. The method of claim8, wherein the step e) conprises carrying out a set
of preprogramed 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 method of claim
8, wherein the preprogrammed instru@g ons enploy a predeterm ned

rel ati onship where the subsequent dispensing position is selected in
response to a thickness difference change to mnimze the thickness
difference. 11. The method of claim8, wherein the preprogranmed
instructions enploy a predeterm ned decision tree to select the subsequent

di spensi ng posidHONgkPrdLSBENSS 43¢, t he tvte};e%%sst di fs.f;s{)]e%%e-c ri}g%

nmet hod of claim 10, further conprising reference to archived data

Lo S0 4 S SOy PP )11

wherein steps b) through e) ar eas

ar chi vi ng AabRacIPHL868%k ato Lﬁ@ﬁ&tt bgssHbsequent, di g&q&%i r\glepossliug:ir(g,n and

t he t hi ckness

arm to the subsequent dispensing position in response to the

thickness difference.

10. The method of claim 8, wherein the preprogrammed
instructions employ a predetermined relationship where the
subsequent dispensing position is selected in response to a
thickness difference change to minimize the thickness

difference.

11. The method of claim 8, wherein the preprogrammed
instructions employ a predetermined decision tree to select the

subsequent dispensing position in response to the thickness

difference.

12. The method of claim 10, further comprising reference to

archived data to determine the predetermined relationship.



di ff erence change.

in a chem cal nmechanical polishing (CMP) process conprising the steps
a) carrying out a firs CVWP polishing period including supplying slurry
froma slurry armincluding a dispensing position for a predeterm ned
period of tinme on a substrate conpri3®ing a polishing |layer to renove a
portion of a polishing Ilayer; b) determning the thickness of the

‘polishing layer in-situ
| east a polishing |ayer peripheral

portion;

subsequent &MP palhshidigoRerod it

in

the polishing | ayer peripheral 68??i8ﬁ’c&ﬁﬁ§?é@ $eepg he) pohisighng:)| ayer

center porti@Peatad 3 eQ%ﬁagLust£% the slurry feed armto the subsequent
a

di spensi ng position suc

the PY drspivibeal dater comprising at
least the subsequent dispensing position and the thicknesgs

difference change.

14. A method for adjusting a slurry feeder arm position in a

chemical mechanical polishing (CMP) process comprising the steps
of:

a) carrying out a firs CMP polishing period including
supplying slurry from a slurry arm including a dispensing
position for a predetermined period of time on a substrate
comprising a leishing layer to remove a portion of a polishing
layer;

b) determining the thickness of the polishing layer in-situ
along the polishing 1layer diameter 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,

14. A method for adjusting a slurry feeder arm position

of :

al ong the polishing | ayer dianmeter conprising at
portion and a polishing | ayer center

c) determning a desired subsequent dispensing positionin a
response to a thickness difference of



polishing pad at the subsequent dispensing position conprising one of
closer to the polishing pad center portion in the case the polishing |ayer
center portion is thicker than the polishing |ayer peripheral portion and
closer to the polishing pad peripheral portion in the case the polishing

| ayer peripheral portion is thicker 3than the polishing |ayer center
portion. 15. The nethod of claim 14, wherein the in-situ optical

measur enent process conprises optical interferometry. 16 . The method of
claim14 hi , were n the step c) conprises carrying out a set of
preprogranmed instructions according to a conputer controlled programto

determ ne a thigkne ference between the polishing |ayer center
portion and the I[§0I ?é ?cﬁ% fg}e p&SUpREr afegdr tdom. 32 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 in the case
the polishing layer center portion is thicker than the pollshlng
1ayer perlpheral portion and closer to the polishing pad
peripheral portion in the case the polishing layer periphéral

portion is thicker than the polishing layer center portion.

15. ]
5 The method of claim 14, wherein the in-situ optical

measurement process comprises optical interferometry.

16. i i

The wmethod of claim 14, wherein the step c) comprises
carrying out a set of pPreprogrammed instructions according‘to a
computer controlled program to determine a thickness difference

between the polishing layer center portion and the polishing

layer peripheral portion.



17. The method of claim 16, wherein the step d) conprises carrying out a
set of preprogrammed instructions according to a conputer controlled
process to output instructions to adjust the slurry armto the subsequent
di spensing position in response to the thickness difference. 18. A

dynam cally adjustable slurry feed ar3gafor use in a CMP process
conprising; an extendable arm housing fluid feed |ines arrange able for
extendi ng over a polishing pad at a predeterm ned di spensing position to
di spense fluid during a CVWP process, the extendable armincluding a neans
to adjust the predeterm ned dispensing position along a radial pathway

ext endi ng firom t Bge PQlk-§AJ3N ad center portion to the polishing pad
peri pheral porti onin: ?‘ggpgﬁge&a&% i%Cel‘B’b@He’s‘i ghBe; steporid)r otdmrriisas

si gnal com@upi-Gatd i e ans to adjust and in signal comunication
with a neans tg r%s\ét}i‘lﬁermeat 25 é%o‘?t{reﬁﬁer?ﬁoﬁ’ﬁ?‘@‘f‘é‘i hiaEFass igndeprgodrijngheo CAVP

process theomp@ds# AUd &, her conprising a conputer programto adjust the
pr edet er mi ned dispensiﬁsﬁg%éi?$%ﬁ$ﬁ ntfb§Bgﬁ§% B e tionsshP ngdivsay ehe

hi ckn .
t hi ckness. slurry arm to the subsequent dispensing position in response to

the thickness difference.

18. A dynamically adjustable slurry feed arm for use in a CMP
process comprising;

an extendable arm housing fluid feed lines arrange able for
extending over a polishing pad at . a predetermined dispensing
position to dispensg fluid during a cMp process, the extendable
arm including a means to adjust the predetermined dispensiﬁg
position along a radial pathway‘extending from the polishing pad
center portion to the polishing pad peripheral portion in
response to a received signal;

a controller in signal communication with the means to
adjust and jJ% signal communication with a means to measure a
polishing iayer thickness undergoing the CMP process the
controller further comprising a computer program to adjust the

bredetermined dispensing position in response to the polishing

layer thickness.



33 19. - The dynam cal ly adjustable conputer slurry feed arm of

wherein the neans to neasure conprises an in-situ optical neasurenent.

The dynamical |y adjustable computer slurry feed arm of

cl aim 18,

20.

claim 18, wherein

the neans to adjust the predetermined dispensing position can selectively

be noved

in

increnental distances of3zbout 1mm

19. . The dynamically adjustable computer slurry feed arm of

claim i
18, wherein the means to measure comprises an in-situ

optical measurement.

20. The dynamically adjustable computer slurry feed arm of
1ai .

ciaim 18, wherein the means to adjust the predetermined
dispensing position can selectively be moved in incremental

distances of about 1mm,




