REAL TI ME MONI TORI NG OF CVP PAD CONDI TI ONI NG PROCESS FI ELD OF THE

| NVENTION 5 The invention relates to the general field of

chem cal -mechanical polishing (CMP) with particular reference to
conditioning the polishing pads after extended use. BACKGROUND OF THE
| NVENTION 10 CWP has, for many years, been the preferred nmethod for

pl anari zing i NREJLATIME MONIFORINGSOFIGMPIPRD CONHFIONING PROCESS
i nvol ves nechani cal polishing assisted by chem cal action. In CW, wafers
are mounted on a suitable holder and then pressed agai nst a polishing pad

t hat has be t tating platen. A problemw th CW
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processing is that t throughput may drop because waste particles
accurrul ate at the surface of the polishing pad. To restore t he

ef fectiveness of ol i shin ads, they are plcally condi tioned' by
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i ndependent 'y noveabl e an shows a typical arra

for a QW paftecentdindiednisey di sk. Seen there are platen 11 to mhlch is
attached polishing pad 12. Conditioning disk 13 is pressed agai nst pad 12
by nmeans of overhead support arm 14 to 25 which it is attached. Generally

condi ti oni ng ACKIGROBNDY OFaTHE INVENEIQOQf the pad material itself in
addition to the waste matter, thereby formng a fresh planarizing surface

for thellpolishing pad. The conditioning disks thensel ves may eventual ly

| ose their 30 e tiVve bei n rn.down or b ti pl.ugged up
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pol i shing pad may be i nadvertent ly 1 retur ned to service, with undesirable

consequenceEOf'Sﬁ‘H'ﬂ% assisted hynsberdeal getion. In CMP, wafers are mounted on a
suitable holder and then pressed against a polishing pad that has been

15 attached to a rotating platen. A problem with CMP processing is that the
throughput may drop because waste particles accumulate at the surface of the
polishing pad. To restore the effectiveness of the polishing pads, they are
typically ‘conditioned’ by using an abrasive disk to remove the waste matter.
Such disks are generally embedded with diamond particles and are mounted

20 so as to be independently moveable and rotatable.

FIG. 1 shows a typical arrangement for a CMP pad conditioning disk.

Seen there are platen 11 to which is attached polishing pad 12. Conditioning

disk 13 is pressed against pad 12 by means of overhead support arm 14 to

25 which it is attached. Generally conditioning disks remaove a thin layer of the
pad material itself in addition to the waste matter, thereby forming a fresh

planarizing surface for the polishing pad.

The conditioning disks themselves may eventually lose their
30 effectiveness by being worn down or by getting plugged up with particulate
matter. If a change in effectiveness is not detected, preferably during the

conditioning process itself, a sub-standard polishing pad may be inadvertently



mnimze the time required for the conditioning process, to maxim ze the
useful life of each polishing pad, and to detect inadequate pads before
they are restored to service. 5 Conventionally, nonitoring of CWP pad
conditioning processes is performed by trial-and-error wherein different
control paraneters are varied manually by an operator to achieve optinmal
condi t i oni ngeturhed do cxmvice| withanadesiertde icoakagesnress sThasoft it impoetatdt td oner
on the polishi d rotational speeds of the

. 10 t | afi | d
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are based solely on human éxperience, hence a I onal manpower

requi red. Fuesthegthisrseervice.is very is difficult to achieve good

repeata@ lity for the conditioning process if the manual adjustnent is
performed by different operators. In view of this, there exists a need for

an apparat us and ggiveatdoh@y, " diringd df NeMVPpaad c6REEbhINAN JI8ce fHe@C §$S
that help to extend the Iife of the polishing pads, reduce hunman _
i nt er vent i oReHREMPEPRGEak#RA-egRr rehersin wifierephdontrohipataipetaresare parion

routi ne sea fir t i S f or i t.h t.he fol |l oy n
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i nprove the, CMP process as well as teaching in-situ nonitori of the pad

d b ) n
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sensor in tBgpeididey -hdpRehaditibhes tddoWerakt rd@fred enFaaneRRkrd At is very
15 difficult to achieve good repeatability for the conditioning process if the manual
adjustment is performed by different operators. In view of this, there exists a
need for an apparatus and method for monitoring the CMP pad conditioning
process that help to extend the life of the polishing pads, reduce human
intervention and improve the control of the conditioning process.
20
A routine search of the prior art was performed with the following

references of interest being found:

US 6,755,718, EP 1,063,056A2, WO 01/32,360A1, US 5,708,506, US

25 6,424,137, and US 5,399,234 all aim to improve the CMP process as well as
teaching in-situ monitoring of the pad conditioning process. US 6,424,137 and

US 5,399,234 relate to the use of acoustic analysis for monitoring of CMP
process. US 6,424,137 teaches detection of wafer vibration characteristics to
minimize wafer damage during polishing by placing a sensor directly on the

30 wafer, while US 5,399,234 discloses the use of acoustic waves generated in
the polishing slurry to determine the end-point of the polishing process by

placing a sensor in the slurry. Both of these prior art references seek to



2 inprove the CMP wafer polishing process rather than the pad conditioning
process. In US 5,708,506 the roughness of the pad is determ ned by
enploying a 5 light source that inpinges on the polishing pad and a |ight
detector for detecting the Ilight emanating fromthe polishing surface. In
WO 01/ 3, 2360A1, ultrasonic transducers are enpl oyed to neasure the

t hi ckness ofimphevd alyerGMeNwafée ppdhiadi process rather tthenrtsubad ueditiohing
control process variables. EP 1,063, 056A2 relates to a nethod and
appar at us WHEPE®YP-a contact!| ess 10 di spl acement sensor is used to generate
the polishing pad profile and to nonitor the pad wear uniformty. In US

6, 755,718, a force sensor is nmounted on the conditioner to detect the
frictional force lhi&R6t#E, 506 e ragrithess afiting paldsidebyrmtihed ply amaplozingga
medi um wher eby, the detected force is fed back to control ] er, for
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on the conditioner support armnor do use the measurenen
appl i cat i onulifasginir tranewucsarg e sniployed e npsdure dmelthiclomess dfdherlaggrstame

nmoni toring and control of, th ondi tionin rocess., 20 SUMVARY TH
et o1 PR AETER 23donaciRbreau et T ne R ofRABRE 6712 pr Bent
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conditioning 25 process. Another object of at |east one enbodi rent of the

pr esent!0i nvESPIanenmR SeRe i Usedvidgearsratppiicapalshiog paghl radiet BRg &ui d
Pvent on- RRzigr 198 PEdClie PRl 3b U835 7s 83 8 & BELE3Ehs P, s HEMBIER: ™
usi ng any axafheabbredifidMert twldetedt. the frictional force imparted to the conditioning
body by the planarizing medium whereby the detected force is fed back'to a
controller for monitoring of the conditioning process.
15
Although the final objectives of all the prior art cited above are similar,
none of them mount their sensor on the conditioner support arm nor do they
use the measurement and application of vibration signals from the pad
conditioner for real-time monitoring and control of the conditioning process.
20

SUMMARY OF THE INVENTION

it has been an object of at least ocne embodiment of the present
invention to a process for monitoring and controlling a CMP pad conditioning

25 process.

Another object of at least one embodiment of the present invention has

been to provide an apparatus for implementing said process.

30 Still another object of at least one embodiment of the present invention
has been to make said process and apparatus easy to implement using any

avaitable CMP tool set.



3 A further object of at |east one enbodi nent of the present invention has
been to prolong the lives of both polishing pads and conditioner disks. 5 A
still further object of at |east one enbodi nent of the present invention
has been to facilitate detection of abnormal conditioner disks thereby
averting possible future damage to wafers by the CMP process. These

obj ects have been achi eved by neasuring the vibration of the 10 pad

conditioner. Int resent .inventign, an accel er.o er was mounted on the
support arm of |t Ko sl et SR S eaela e 4 B SO PUUBAES The
ti me dependériensb prolonglhaiines of BoBBIsHR BYds'ahdGohafonEPHidksr Transform
(FFT) to convert it to the frequency domain. Abnormal frequency peaks, if

detected, serve as guideline for optimzation of the pad conditioning

process.. 15 Real -4 . It Qr | f ndit.i.qnin ess _is .achieved by
means of5 a negaft\l %’/@P’; ee ract)g)*é#%)cf)gatf%?ﬁco%%t?Wbpﬁ%erﬁh@%ﬁ%n%éﬁe%tf'%%@& and
head presshae tafert foefauditatict detatnigh Y nbMEESHNEENSI0DIERS tisdraBgeseftgigct ed
t hrough the vi,gfa i on Si gnature. 20 BRI EF_DESCRI PTI ON OF THE W NGS FI G

1 shows a tPPSRale hireGHiPee bnwadersgyathateMPaprocassprior art. FIG 2

shows the basic apparatus of the present invention. FIGs. 3a and 3b show a
vibration spectrumin its time domain 25 representation and its equival ent
frequency donmi nThepe extBattat have bEEG. adhitved yairenbatihg phetvipatienasfetheby a

new or full ondi,t.i oned . FIG 5 is.a waterfall plot generated by a
pa<vjv Un Weed?d C@Sh&i%ﬁe&ni'ﬁggeﬁr@e@ 'inl\f%f?j%%a%@cs%@f%ﬁpwi \%%$ r@%t%%o%
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process of BEendereusiadittsignddbtainedGs. asalyzed bgbusing Fast|fowrisafrensform
represent at{f—‘ﬁql’)ofco Egﬁvéﬁ %?osﬁhgffréqhu%ncy domain. Abnormal frequency peaks, if
detected, serve as guideline for optimization of the pad conditioning process.
15 Real-time monitoring of the conditioning process is achieved by means of a
negative feedback loop for controlling the number of sweeps and head
pressure of the conditioning body in response to the changes detected through

the vibration signature.
20 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a typical pad conditioning apparatus of the prior art.

FIG. 2 shows the basic apparatus of the present invention.

FIGs. 3a and 3b show a vibration spectrum in its time domain
25 representation and its equivalent frequency domain representation.

FIG. 4 is a waterfall plot generated by a new or fully conditioned pad.

FIG. § is a waterfall plot generated by a pad in need of conditioning.

FIG. 6 illustrates the principal system components employed in the

present invention to monitor and control a conditioning process.

30 FIG. 7 is a waterfall plot of a pad that is in the process of being

conditioned.



present invention. DESCRI PTION OF THE PREFERRED EVMBODI MENTS 5 The
apparatus of the present invention is schematically illustrated in FIG 2.
It includes vibration sensor 21, signal conditioner 22, dynamc spectrum
anal yzer 23, and visual display unit 24. Qur preferred device for

vi bration sensing has been an accel eroneter (for reasons that wll be

expl ai ned 10 bel dWssb@a aed dtedralevileesshavcteprssantationines, process of the
refl ectoneters i.near. Variable D splacenent Transforner (LVDT), Strain
Gauge, ProxiRfBEM N\GRligRet i ¢ and i nductive), and Laser Vibroneter coul d

al so have been used w thout departing fromthe spirit of the invention. 15
Sensor 21 is nounted on support arm 14 of pad conditioner 13. The signal
det ect ed by QESCREAEIN DIF dbil PREFERRED EMBODIMENTS/el ocity as a
function of tinme, being therefore a tine domain representation. It is
anplifi ed by signal conditioner 22 which may be either a Constant Current

Line Drive (CCLBheORppakitas a5 %Dﬁ'rééeﬁi -in\béntfo'heisc%r%r\ﬁ%ﬁéé@ﬂi|iu%tr§ £t ed
it may be built-in 20 together with the Dynam c Spectrum Andl yser (DSA) and

a separ at e, Fé&t et.nallt ingigdes \Goradioni saesom@dl, dsignal lsendiéiguier e2R, Tysatriicre

domai n sign i h orned into,ts fre cy~donai gyi val ent by
t he DSA (usghabgur}ga%ﬁai%ﬁ??ér a%?a\ﬁ'g‘fl%'r PASRF%PF?%?. QV'GW%%"%S&%‘HB %Gn
exanpl e of aibryfiresbndingBadBaRimambetesirhster(Br réfsdriomtit Wilbbé RISy
domai n equivalent. Alt hough vi bration anplitude can be neasured 1In terns

of di spllaceRElow) Pt o&latpd devisesesert ponicierbenes: aledemstersd Lipeaause
1t 1s a funghgpof D[)s'gﬁ?ce%’?&]tmﬁfanrsﬂ}rﬁ}érs (Ekllﬁﬂ'.)a EWagt! %l@e t'FﬂSXi{J&b? | ed
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to an accel eroneter com ng our Sénsor o bécause el eration 30
si gnal can beagagiid wn(leindattivai ead Yaser Wibrsoftsvaceyldi alkegnaie thebn @dddi n

wei ght, i ¢ “WaRUEEe BT Mo T sBRAT TEUALE W hout mass. | badi ng.ef feots.
Thus, an increase 5
15 Sensor 21 is mounted on support arm 14 of pad conditioner 13. The
signal detected by the sensor 21 corresponds to vibrational velocity as a
function of time, being therefore a time domain representation. it is amplified
by signal conditioner 22 which may be either a Constant Current Line Drive
(CCLD) or a charge ampilifier. If the CCLD version is selected it may be built-in
20 together with the Dynamic Spectrum Analyser (DSA) and a separate, external

signal conditioner would not be required.

The time domain signal is then transformed into its frequency domain

equivalent by the DSA (using a Fast Fourier Transform Algorithm). FIG. 3a

25 shows an example of a typical time domain plot while FIG. 3b shows its
frequency domain equivalent. Although vibration amplitude can be measured

in terms of displacement, velocity, or acceleration, velocity was selected
because it is a function of time and wear rate is also a function of time. This led

to an accelerometer becoming our sensor of choice because acceleration

30 signal can be easily (electronically or by software) integrated to obtain velocity
and displacement, and also because of its small physical size and weight, it

can be installed in small space without mass loading effects. Thus, an increase



in vibration velocity anplitude correlates with an increase in the wear
rate of the pad and/or pad conditioner. As a result, the process
parameters can no |onger be optim zed once the pad and/or pad conditioner
have worn out. When this happens (i.e. process paranmeter optim zation
cannot be achieved after 5 several attenpts), the control software can
readi | y i ssue \abnaionivedodity amuphtdjdregcomeiaaisiwnh dinéngrease st dbe iveedrhaate of

a vvater .al | adi n a successi on of

ti di f t b
r Eéu'eﬁEyaSZi L SRy Sl PoniiShe P ol @ 8t 168 hrtess #arameisR o BRi ng
procedure. %é‘l* e BpliMizeq dndd eyt §HE?]/'0§ BBH'danﬁfoWeY naYE ABh&). hen

operator wl| e able to determne if rocess paraneters used were
opti num by tbissbappe Gre piocess epdraawienoptiézadon nanhet hat artiavdd mifter,

| arl h 0 band h h d
Phe. appropr a6 HeRuar B Sl Cuitti Gal el fosion Nt SR, GRS hoad

15 pressure amwlahigad rotation rate until all abnormal peaks di sappear from
the 200Hz and any other selected bands. FIG 4 shows a typical waterfall
plot for a newor fully reconditioned polishing pad while FIG 5 is a

simlar plot for 0 I seen
that, for the nevﬁ’&ﬁfgﬁs ige@l?s&?% grné dp[) ggﬁﬁ( &é%&r@’o @‘(/\/Cg%4 '%(%

and are randloadlqceseﬂm ef &équéhey aidiyain espeepbl @lmru’ﬁ)g?ldﬁ\@ fuliselvead dbpetpdd0 Hz
(representi tool structural vibration. t he ot her hand, the

plot fol t h&gng'éa”‘aaoompﬁd*g&du%ﬁ B peing Ubﬁteawat%nn Ismy pattly atomsted)
frequenci esgnghaye vﬁﬁri%‘gata% d"&éfeﬁﬁlgl gOff, Hﬁaar ng %ra?rﬁatél}%e @Q?hwere

providing a st rai ght f orward nmeans of sti ngui s et ween pa
sui t abl e f oppliwarandy prdervihgt ome eori mane efteqiercgndandsrinnghe Wmeriﬂmﬁiotyal ue

e w1 var PRORH T SRS e e BUiE s ndereralt capties Brietn
speed, poli mépﬁlﬁﬁﬁi@t@%d“é@?&ﬂﬁoﬁhgs&ﬁﬁﬂﬁ VarBbl<ieBaaslent s@@ebh@té:'\ﬁead

operating paraneters. It will also vary if different pad materials or
di fferdAt BEA%§HEG eRrnkead mtaﬁraﬂenattalumtléuaé alywanfabrpesksdiisappeagfrom the

200Hz and any other selected bands.

FIG. 4 shows a typical waterfall plot for a new or fully reconditioned

polishing pad while FIG. 5 is a similar plot for a used pad in need of

20 conditioning. It is readily seen that, for the new pad, any peaks that are
present have very low amplitude and are randomly scattered, the only
exception being a set at about 150 Hz (representing the CMP tool structural
vibration. On the other hand, the plot for the used pad, in addition to substantial
activity at very low frequencies, shows strong activity at, or near, 200 Hz,

25 thereby providing a straightforward means of distinguishing between pads that

are suitable for use and pads that are in need of conditioning.

The 200Hz value is dependent on the mechanical characteristics of the

conditioning system. It will vary with the operating parameters of the CMP such

30 as platen speed, polisher speed and number of sweeps i.e. dependent on the
CMP operating parameters. It will also vary if different pad materials or different

conditioning disk materials are used for conditioning.



6 FIG 6 is an expanded version of the basic process flowillustrated in
FIG 2. The neasurenent of a vibration signal starts when the conditioning
di sk touches the polishing pad, causing trigger signal 61 to be emtted.
The 5 tine domain signal that is collected using the sensor nounted on the
support armof the pad conditioner is passed to DSP 62 which is controlled
by conmputer program 63. The FFT is perfornmed at the DSP to convert t he

time domain sig to.a frequen domai n signal, the data_ col d. bhei ng
stored in data :Ebo @l%g ?ﬂ@”&%ﬁeﬁ%’” siap 835'8%?’3&‘0 PEess fi%wé %d Vi sual
di splay 24 HG(B.G TR méadi@ERRSE IR 4RSI ASIAR whehVeR @Eﬁm%o"?ﬁ:’i al

communi cati on ort for interfacing to other personal conputers or ns
for networ kidigk &uches\ihil olisginchted, eausiag\tdggensignai 16drtQ/\betd1relttedheThe

pre-al arm or, [ d eset .quar dband

onpar ator i BPHeH SioP BHERT SRR FRBb AEETET SholyBeilane sloaest o,
t he appar at usmobf RhG. péd ebaditibnét l@q&a%@ﬂt [PIDIRI B26WHMH G amitredts be

various paraneters associated _with the pad conditioning process, thereby

repl aci ng tﬁ@”}m%fnp@@é@@t%? whoe E/b:aE 'S‘rﬁﬂ'ffi)'fm%l abdhe RSP toponverhtbaltis f or
i Conc ek B 0 TRl SOTBAN B8, QBB

unit 67 for conver tages hea
oper at i onal datar nwmh@:y &:Ucfﬁhasaslsadwb!@@ndtﬁljt@ie]smrwssw@t tp atbuebadpldyoner

t at d t t d [ 1 wh t t 1
e conlh ¢ PBER An - slledh e HE P haibss s Fanves asps sg%@pp?wﬁéé"aﬂc?@e
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terms of vibration sig ation anpl e was observegtoc rrelate
with pad condwielWﬂ@hdagv\ﬁﬁ/aﬁsecrvéartoenmlﬂoe whehheastimgprq:}abhmfondlalanmelnas

rotation sp [esY ibration anplitude. D fferent
sweep profi gg(geécl)&dt% Fﬂga&b #?BHQFGV\E}% PSUW@"?@WHQ thn effect on 30
the vibration signal. Specifi caI |y, increasing the nunber of sweeps

resulted in a lower vibration anplitude. The |owest vibration anplitudes
wer e obServed at In addition to the visual display shown in FIG. 2, the apparatus of FIG. 6

also includes control unit 67 which adjusts the various parameters associated
with the pad conditioning process, thereby replacing the human operator who
was mentioned earlier. Optimum values for the conditioning parameters are
computed by computer 63 and then passed to unit 67 for conversion to the
20 specific voitages needed to control operational variables such as pad
conditioner pressure, pad conditioner rotation speed, and platen rotation
speed, as well as when to terminate the conditioning process (i.e. the sweep

profile).

25 Experiments were conducted to characterize the impact of the above
process parameters in terms of vibration signals. Vibration amplitude was
observed to correlate with pad conditioner downward force while increasing
pad conditioner rotation speed was seen to result in lower vibration amplitude.
Different sweep profiles of the pad conditioner were found to have an effect on

30 the vibration signal. Specifically, increasing the number of sweeps resulted in
a lower vibration amplitude. The lowest vibration amplitudes were observed at

platen rotation speeds of about 65 rpm. This data allowed the characteristics of



pl aten rotation speeds of about 65 rpm This data all owed the
characteristics of 7 process paraneters to be nodel ed and programred into
controller 67 for real-tinme nonitoring and control of the pad conditioning
process. FIG 7 is an exanple of a waterfall plot generated during a pad 5
condi tioning process in which the conditioning parameters were all
optimzed dsotksCpasUcEbsvie. bAsmodeldie aseeprogramnfiec duencynipelides6atfo200
Hz di sappe r are reduced after poipt 72 is passed, allow ng

condi ti oni ngé?lot"ﬂg m?@f@ﬂ%ﬁ'@ CQ?{'%' H&E%lﬁadﬁ) QI PEICaSSt al  condi ti oni ng
time (synbolized by Iine 71), with full confidence that optinum pad
renewal has been achieved. In 10 addition to saving tine that is nore
profitably used ffd¥- perisoARri ﬁgarwte thhﬁsWaﬁ@éalbrmofalw@emtadadumg & haaad no

nore of &he i.s. reppved than is absolu

necessary. lc_:P&éftB@ln%g%g)ac%s% Ioég?ﬁﬁethgo%o&ﬁqniggé)afriag\ﬁt%rﬁa\?/?r of tOr?é"f'%ﬁ}q’
process of hlsedlsﬂzﬁswﬂ/%d\/@an Begtami g sdert, eb®equahe) gskal@t att2o0 HF! G
8a, the tine domain gnal is transforned into its frequency donain

equi val ent Sif@PPRar §ﬁq§|fﬁ3 traG@C%ﬁ aftgh o[ r7 Znisr RIssgsb @llpwing ﬁ@l@fﬁléﬂl@lﬂésm(tée g.
200 Hz) is pBAsH (s I n i vaI ue
of a preset guaré:lt%gaanﬂd;'r E{t{yﬁ1 on |t|d g%fggﬂéﬁ)?éﬁgggh. gl}ﬁ'{w?gé\l%na&g!@eﬁ

| f abnor mal 7pgakih dall rm:tnfmlppearth%ﬂ ofdimurg Padreselvat hae tped @dhtévedprmess

is allowed t roceed without chanpgin conditioning paranmeters, If the
meacur i anBrHRBRCOWERY a6 e (i B RIOHrH O RARY BFes et geitetmngeb i < he

pad is in nﬁa%@ua%“al@@@ﬂ!a"ré%‘e@gh?[“ ﬁgorlle;cﬁg E%’ol:&ﬁmﬁr@d §Qw‘fé i2re

box A. Now, if the measured ove t XI mev ue o

guar d band, thami is éibﬁalufafvds%@Spanbl em such as a non-recoverabl e pad or an
appar at us malfunctl on. In such a case, the operation is halted and an alarm
is sounded to trigger an investigation. If the peaks are below or on the

guard band, theFEB9@REanYBHATELETS c@nbhtdﬂ@aaﬁiws,héﬂ cﬁ%@mﬂ)r@)@béyoFMé |
t he peaks 30 di sappear (flow chart IOOB d) Pad conditioning then
conti ndés, iByeRlipHn Beginning at the box labeled “Start” in FIG. 8a, the time domain
signal is transformed into its frequency domain equivalent and the amplitude at
one (or more) specific frequencies (e.g. 200 Hz) is measured. If this
measured amplitude is below the minimum value of a preset guard band, the
conditioning process is allowed to continue. If abnormal peaks do not appear
20 during a preset time period the process is allowed to proceed without changing

conditioning parameters.

If the measured amplitude was above the minimum value of the guard

band, then the pad is in need of conditioning and we transfer to FIG. 8b via

25 common box A. Now, if the measured amplitude is above the maximum value
of the guard band, this indicates a problem such as a non-recoverable pad or

an apparatus malfunction. In such a case, the operation is halted and an alarm

is sounded to trigger an investigation. [f the peaks are below or on the guard
band, the process parameters will be adjusted automatically until the peaks

30 disappear (flow chart loop 81). Pad conditioning then continues, based on the
final set of parameters, until a preset conditioning time is reached (loop 82) or

until abnormal peaks appear again (loop 83). In the latter case, the new peaks



final set of paraneters, until a preset conditioning tinme is reached (Il oop
82) or until abnormal peaks appear again (loop 83). In the latter case,

t he new peaks 8 are again conpared with the preset guard band and the
process paraneters are again adjusted to effect their renmoval. In
conclusion, we note the follow ng advantages of the invention: 5 Easy to

i npl enent A areagain e muied ovitin ghe psesrh gueard deridphd tbatmdcess pgrangters
avai l abl e t . duce erating costs 10 Optim zation of the pad
condi ti oni n%@@%ﬂ@‘?@%ﬁdﬁ%ﬁ%ﬂéﬁ@ﬁée’PPV s of both the polishing pad and
condi ti oner disk. CMP Process enhancenent Real time nonitoring allows
better control of pad conditioning throughout the pad's life, thereby

mai nt ai ni ng good !pEeNClErRNwifeeRotgrihe deiiawing aRyantagaseof the imvemitivor i ng
facilitates detection of abnormal conditioner disks thereby averting any
further 'damage from CVWP i nduced scratches. 9 CLAIMS 1. A nethod to nonitor
activity of *a de¥Hazsy tusepldraesondi tion a polishing pad, conprising: 5
providing a platen to which said pad is attached; supporting said

condi ti oni ng devi Eeag}mw%afﬁ%mwm@n%t@mtm bgdmpiamentedriaing awi available
condi ti oni ngpieYhGeca0ai nst said pad while said platen and said
conditioning device rotate; attaching to said support arma vibration
sensor that *out pfReslugedidpeasfimncodt® pattern; and through observation and
anal ysil% of sai d_yibr.at i.oonn Oﬁ;%t ern,.in real tine

Optimizati e pad conditioning process will prolong the lives of
both the polishing pad and conditioner disk.
* CMP Process enhancement
Real time monitoring aflows better control of pad conditioning throughout
the pad's life, thereby maintaining good post CMP wafer uniformity. Real time
15 monitoring facilitates detection of abnormal conditioner disks thereby averting

any further damage from CMP induced scratches.



nmonitoring said device activity, said real-tinme nonitoring being achieved
by neans of a negative feedback | oop for controlling the nunber of sweeps
and head pressure of said conditioning device in response to changes
detected in 15 said vibration pattern, whereby various paraneters
associated wth the pad conditioning process are adjusted w thout human
interventi olGLAIMShe nethod of claim 1 wherein said vibration sensor is
selected fromthe group consisting of mcrophones, reflectoneters, |inear
variabl e di splacement 20 transforners, strain gauges, nagnetic and

i nductive proxi M glethoFAmoRREF actWﬂ?ro@W@sﬁée used 7&'3‘606@&&9@ pflishin

wherein said vibration sensor is an “accel eroneter. . The net hocFQ
cl ai m 3 whecemprisiidd accel eronet er nmeasures vi brati on accel eration, from

whi ch vekocity i . i.on b d riv hr ntegration, said

vel oci tyél nf or malpr[g‘ﬂgﬁé aaPHIT%%/ \%V\EE Sq'(ﬁgéé" %ﬁa‘ah%% said conditioner. 30
5. The method of sgppbring yAiar&InNditediky deeizeOby MERALF B adﬁvltm s?éﬁ/eyltcby

i ncl udes determ ning when said activity should be term nated

met hod for EfPHERIGE capdieningnderica peinshral pad wbﬂﬁuaald)rnlaﬁgn ﬁﬁ@cﬁéé@

conpri si ng: g&ﬁ’lbﬂfn@%eﬂ/@é p&tgf}Tto whi ch said pad is attached; supporting a
condi ti oni ng evic neans of an armthat serves to press 5 said

condi ti oni ng devettacia:ggltnssalet&udppadarvmial\ﬂbmbd sdraoe thatnelitpatsda vibration
condi ti,&ﬂi n% devi ce rotate; attaching to said support arma vibration
sensor tthat PBHEPUAEYa vibration pattern; initiating said pad conditioning

process, through observation and analysis of said vibration pattern in real time,
monitoring said device activity, said real-time monitoring being achieved by

means of a negative feedback loop for controlling the number of sweeps and

head pressure of said conditioning device in response to changes detected in

15 said vibration pattern, whereby various parameters associated with the pad

conditioning process are adjusted without human intervention.

2. The method of claim 1 wherein said vibration sensor is selected from the
group consisting of microphones, reflectometers, linear variable displacement
20 transformers, strain gauges, magnetic and inductive proximeters, and laser

vibrometers.

3. The method of claim 1 wherein said vibration sensor is an

accelerometer.

25
4. The method of claim 3 wherein said accelerometer measures vibration
acceleration, from which velocity information may be derived through integration,
said velocity information relating to wear in said pad and said
conditioner.

30
5. The method of claim 1 wherein said step of monitoring device activity

includes determining when said activity should be terminated.

10



10 transformng said vibration pattern froma time domain representation to
a frequency domain representation; nonitoring a peak contained within said
frequency domain representation wuntil said peak has di sappeared or has
been reduced to a preset level; and 15 thereby determining that said end
poi nt has been reached. 7. The nethod of claim6 wherein said vibration
sensor is sd.ect&d metmd Her grdbumicbnrtEtedtiong off ampolisiihgnpad conditioning
reflectoneters, linear variable displacenment transfornmers, strain gauges,
magnetic an® PRRSc CPUWISI Wi met ers, and laser 20 vibrometers. 8. The

rethod of cl aim Grylgigl N 8al coid At iON IAISPT ISHAN RECE! BT OMBkREnec?S

The nethod of claim8 y\/nerel n sai d accel eroneter neasures vibration
accel eration, freupphitily aeboditiogingrfavicealdy oreamnsyoflzn aiken thad dertasologiress

integration, . said.vel.ocity information relating.to ar _i,n _said d .and
sai d condi EPTEHEIRG devics o hsakhoed oitisi4id Bialiis ani drkf condifin 5
cont ai ned wdkRice ra@dtd; f requency domain representation occurs at about 200
Hz. 11. A process, having process paraneters, to condition a polishing pad
for use in CWP, adgrbingstongpid suppes\ara agvibrasion: sensos thal @tﬁpy%awﬂy@tloe
attached; pr g%ﬂi.ng a conditioning device having a support arny attaching
to said support’arma vibration sensor that outputs a vibration pattern;
initiating said pédtlatranshitipend aghditicrtes prdnesspt ati ng said platen and said
5 conditjoning device while pressing said conditioning device against said
pad WwheYeby sai H%‘ﬁ%%‘r"ﬂg §?'§1W@F'98é’§?tefmﬁpﬁ”b§'ft'B‘&‘u@@WS'%'?ﬁPdeﬁﬁ alan na

sensor to ﬂ‘éhgéﬁcﬁdéﬂr@hﬂé Bsdblishn; transforming said vibration pattern
froma tinme domain representation to a
monitoring a peak contained within said frequency domain representation
unti  said peak has disappeared or has been reduced to a
preset level; and

15 thereby determining that said end point has been reached.

7. The method of claim 6 wherein said vibration sensor is selected from the
group consisting of microphones, reflectometers, linear variable displacement
transformers, strain gauges, magnetic and inductive proximeters, and laser

20  vibrometers.

8. The method of claim 6 wherein said vibration sensor is an

accelerometer.

25 9. The method of claim 8 wherein said accelerometer measures vibration
acceleration, from which velocity information may be derived through integration,
said velocity information relating to wear in said pad and said

conditioning device.

30 10. The method of claim 6 wherein said peak contained within said frequency

domain representation occurs at about 200 Hz.

11. A process, having process parameters, to condition a polishing pad for

use in CMP, comprising:
11



frequency domai n representation that includes a peak having an anplitude;
10 conparing said peak anplitude to a guard band havi ng maxi nrum and

m ni nrum val ues; if said peak anplitude is bel ow said m ni numval ue, the
conditioning process is allowed to continue for a first tinme period; if
abnormal peaks do not appear during said first tinme period, termnating 15
the process; if gaoddpgek pltph id wich saidipadds sdtadhedxi mum val ue,

i mediately termnatjng said conditioni rocess and soun

an al ar,m
50l d peak anpPPUELE &) FHOTIE dedca 1GRARG %asReohal s ArAG 5a Hidcess
paramet or s thpBURHAPERISllof 8BS inibithul2h itpaRln dhappear i 20 using

sai d adj usted process paraneters, contl nuing sal pad conditioning process
for a second ti nmlpa’ﬂmg)ﬁald badmoadﬂ@mm ppEaissapp eatating shist plasen déndesaidd

tinme perk od e a sai roces araneters_thr ut er
bomer ot 5 an@CHATRN TR dByicB W rRdssiRl el REERRIRM Mok, abAtogt SR BRRL

25 12. The Wrﬁﬁ@ﬁ? seiiid Gs'u@bmtlém\!%r@té‘s Stﬁéﬂaw Bé@élhgnsa‘i@ﬂﬁ&@tlbﬁ s¥hsor to
acceleroneter. 13. The process of claim 12 wherein said accel eroneter

measur es vi OUERGtEVIbERLOA RN, from which vel ocity information may be

der i ved t hr ough 't%%%%rmn'&é’g%jﬁ\ﬂ%%?‘igﬂ FERES i OES ABELAN ALl 4o

in said pad and said con rocess aim

wher ei n sai dregegkcyg dotraiim esbrabéhtatios ahat méluqu@rmalawmm@an@mﬁmm ation
occurs at about 200 Hz. 12 15. The process of claim 11 further conprising

using st d peak SRPINATgesald Paak ALK Bh aogurghWPRIR Raydigr Taxmug §f‘?’| I

remains in $ahghdgly a\f,?ﬂ\#f;éélg pad and said conditioning device. 5 16. The
process of claim11 erein said process paraneters further conprise pad
condi ti oner presfus@d peak complittdenebaioyasaio mapmed; valws, dhe conditioning

process is allowed to continue for a first time period;
if abnormal peaks do not appear during said first time period, terminating
15  the process;
if said peak amplitude is above said maximum value, immediately
terminating said conditioning process and sounding an alarm;
if said peak amplitude falls within said guard band, adjusting said process
parameters through computer control until said peak disappears;
20 using said adjusted process parameters, continuing said pad conditioning
process for a second time period;
if an abnormal peak appears before said second time period ends, again
adjusting said process parameters through computer control; and
when all abnormal peak have disappeared, ending said process.
25
12.  The process of claim 11 wherein said vibration sensor is an accelerometer.

13.  The process of claim 12 wherein said accelerometer measures vibration
acceleration, from which velocity information may be derived through integration,

30  said velocity information relating to wear in said pad and said conditioning device.

14, The process of claim 11 wherein said peak contained within said
frequency  domain  representation occurs at about 200 Hz.

12



rotation speed, and nunber of sweeps made by said pad conditioner. 17. The
process of claim 11l wherein no nore of said polishing pad's surface is 10
renoved than is necessary to fully condition said pad. 18. An apparatus to
condition, in real tine, a polishing pad used for CMP, conprising: a

condi tioning device having a support arm said conditioning device 15

maki ng pressd e Coe proicess bh claimd Pphiritehicoonprasthg asinglyaid peak semdituderaant ed
on said support arm a._.signal conditioner whose inputs include an outpyt of
sai d vi br at @&nindicalepof ?‘8“6'91%91‘”@9&‘%@? ﬁU‘H%{Hﬁ‘In?i@rsa\'&ﬁB%S%‘rﬁﬂ)Bﬁa %“ﬁ’cﬁaﬁ e an

out put of S%ioﬂditi%gir?@é\% conditioner; a visual display unit connected to
sai d dynam c spectrum ana? yzer; and a negative feedback |oop that controls

t he nunber of sweeps and head pressure of said conditioning device in
response_t o ,changes detected,i saig vi bration. sensor output.. 2 An
apparat @ 1 dScondB GOS0 SHPITE. pAWIEFED PeaPraaHSd PERRTRelsS: BRI ha
i's used for c6MpriseOpBA! sbRdtioferC pReiduréNipag deMiEiensA\bRilioA SPESO! biAE
said conditioning device nmaking pressure contact w th said polishing pad,
30 sai d padrefetiant spaed, @and suindoen feaweebsgmadsabie %idr pedt cendiipgesai d
pad conditioner being able to sweep over a surface of said pad conditioner;
nmounted on said support arm an accel eroneter having an output that is a

pl ot of suppgrt ameprobess ofanaim atetieeeiatricomoraotisdie potishindpad@surface is
integration 13 velocity, said accel eroneter output being connected as an
input tt0a &eHRYEd thahiginacsseanHaiigcandigan satd Padi d conditi oner out put
bei ng connected to be a first input to a digital signal

18.  An apparatus to condition, in real time, a polishing pad used for CMP,
comprising:
a conditioning device having a support arm, said conditioning device
15 making pressure contact with said polishing pad;
a vibration sensor mounted on said support arm;
a signal conditioner whose inputs include an output of said vibration
s$ensor;
a dynamic spectrum analyzer whose inputs include an output of said
20  signal conditioner;
a visual display unit connected to said dynamic spectrum analyzer; and
a negative feedback loop that controls the number of sweeps and head
pressure of said conditioning device in response to changes detected in said

vibration sensor output.

25
19.  An apparatus to condition a polishing pad, that is attached to a platen, that
is used for CMP, comprising:
a conditioning device having a support arm, said conditioning device
making pressure contact with said polishing pad;
30 said pad conditioner and said platen being capable of rotation and said

pad conditioner being able to sweep over a surface of said pad conditioner;
mounted on said support arm, an accelerometer having an output that is a

plot of support arm vibrational acceleration, and hence, through integration

13



processor that further conprises a Fast Fourier Transformcapability; 5 an
externally controlled trigger signal connected to be a second input to
said digital signal processor; said digital signal processor having first
and second two-way connections to a pad conditioning process controller
and to a conmputer, respectively; 10 said conputer further conprising a
control progevitandail datelerametey ;outpal detiggcbahectedrad apr opesdora Isignaig
third and fourth tvvo-vva,}/] connectjons to a watch dog unit and to an RS 232
Interface, COBPRICPEUBRYNISA QMBI tal signal processor having an out put
that is connecte TolWel 5 39%5" - by sicgdid
digital -to-anal ogagog%inedrlg%@rtﬁtfﬁt% re#@%ﬁ%ﬁ%ﬁ%@??%@ tgr‘fl31 ﬂ?gér{lns’:gzﬂdé
war ni ng | i girocesser thatridribar cbrRSi30a FaskFoader hanisfaymacdpdttilityt wo- way

connection that serves as,  a serial .communication po or_interfacing to
other pebsonal canpsrer iy riplediride HabanTrs ot b8 a MRS BiaTes
descri bed igggf @igﬂ’éllfﬂgﬁélq{rébé‘ss%@j' d pad conditioning process controller
controls pad conditioner pressure, pad conditioner rotation speed, platen

rotation speed, &AW digdaksigndrprocesseirdayingstst aadsepynd werwayagpnnections
condi tioner . 25,21 he S cri.bed i [ 9 erein ' I sual
di spl ay mayt%e aus%a-t OC&E@%@@ W&g%:essgi d%ﬁbﬂ'oﬁ%ﬁ [)Qéfgn %I I% cgémrﬂjlt%':ﬁed.
22. The appagspaesivelgscribed in claim 19 further conprising an output that
will trigger an alarmif a pad has been determ ned to be incapabl e of being
fully 13(8 condi t Baiseepmpyter further comprising a control program and a data memory;,
said digital signal processor having third and fourth two-way connections
fo a watch dog unit and to an RS 232 Interface, respectively;
said digital signal processor having an output that is connected to a
digital-to-analog converter and to a relay, said digital-to-analog converter and
15 relay serving to drive an alarm and warning light tower,;
and said RS 232 interface having a fifth two-way connection that serves as
a serial communication port for interfacing to other personal computers or

modems for networking.

20 20. The apparatus described in claim 19 wherein said pad conditioning
process controlier controls pad conditioner pressure, pad conditioner rotation
speed, platen rotation speed, and the number of said sweeps made by said

pad conditioner.

25 21. The apparatus described in claim 19 wherein said visual display may be

used to indicate when said pad has been fully conditioned.
22.  The apparatus described in claim 19 further comprising an output that

will trigger an alarm if a pad has been determined to be incapable of being fully

30 conditioned.

14



