REAL TI ME MONI TORI NG OF CVMP PAD CONDI TI ONI NG PROCESS FI ELD OF THE | NVENTI ON
5 The invention relates to the general field of chem cal - mechani cal
polishing (CWP) with particular reference to conditioning the polishing
pads after extended use. BACKGROUND OF THE | NVENTI ON 10 CWP has, for many
years, been the preferred nethod for planarizing integrated circuits. As
its name inpl 'IQEALt'thFE M@Qﬁ@R!N&@P’@:ﬂWMW@GﬁbITIB‘NIE@‘Pﬁ ?@ sted by
chem cal action. CWP, wafers are nounted on a sulta ol der and then
pressed agai nst a poI i shing pad that has been is attached to a rotating

pl at en. e ssing is that the throughput may drop
because Wagﬁg?_b &%gé%ﬁﬂ&?\gte at the surface of the polishing pad. To
restore the effectiveness of the polishing pads, they are typically
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whi ch i s atifaghstermidd sdd.ng 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 conditioning disks renove a thin |ayer of the pad
material it | b 1A e matter, thereby formng a fresh
pl anari zi ngééﬁ’ﬁ‘f%@% qﬁi”&@lmmad. The condi tioning disks
themsehyes may eventually lose their 30 effectiveness by being worn down
or by getting plugged up with particulate matter. If a change in
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polishing assisted by chemical action. 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 fypical arrangement for a CMP pad conditioning disk.

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

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

25  which it is aftached. Generally conditioning disks remove 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 manual I y by an operator to achieve optimal

condi {001 1@urFBAYS E6HDick O WilnPAAUEHBIS hASLURMBECSTHIS (Pls rifortaidit | oner

on the polishing pad, io trans t|on speeds o0
condi ti onerm!rpumweehhertunan"emmrexb&mdhe candltnbhmgrmnbess dd mawimpe hearsefhle pad

f d | .adj u b
e based QB oY S8 NS RAL: PER S| SR dPAURA B A, BRRaneY care  ©

requi red. HRagtdres i@EBrvidd, 1S very 15 difficult to achl eve good
repeatability for the conditioning process if the manual adjustnent is
perforned by different operators. In view of this, there exists a need for
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i nprove th process as _ I'n-situ noni
condi titeni rtgarwlm.aridSrcﬁaﬁ%IJﬁieemdof tlité 506&90&&4 plefeat otatiort Bpead.e of

acoustic analysis fo itorin CvP ce U 424,137 teaches
det ecti on o@n%g"feerr’u’VE’B'i %F?‘%?le% Y%[c,th%ﬂaé’t$ gyrﬂ‘%go figPeamage
during polishing by placing a sensor di rectly on the 30 wafer, while US
5,399, 234 discl oses the use of acoustic waves generated in t he pol i shi ng
slurry to deternfie marmaérad!qunnentajfefenedﬁolamivbrﬂjemaﬁseissolbly orpham'an‘g a
sensor-in té‘xepesnje%éyher%&ta ad%:tlona? ma ;5clnv(\.?err & Feqru(lare%r e%ﬁﬁermore |P is very
15 difficult to achieve good repeatability for the conditioning process if the manual
adjustment is performed by different operators. [n 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 roufine 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 warfer, 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 |ight emanating fromthe polishing surface. In
WO 01/ 3, 2360A1, ultrasonic transducers are enployed to measure the
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appar at us whreceds. a contactless 10 dlsplacenent 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
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using any &yaht aRitfdier (tBOke®8f 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 one 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

available 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. In the present invention, an accel erometer was nounted on the
support arm of tAdupber chjadi of aileastanereadodenentsofithbraesent ifverdivartaas. The

ti me dependent signal obtained.is, anal.yzed by using Fast Fqurier Transform
(Frm) b C ol B Pibfing PhatBR e e POIRETES nddahs Darteneh ity peaks. i1
detected, serve as guideline for optimzation of the pad conditioning
process. 1ls Real -tinme nonitoring of the conditioning Tprocess i s achi eved by

means of a negafisiil fadkereljrcl ofopt Irast eamemiiadimgnt eicthewrseentdnventiseps and

through T rEs PEPOP SRR SRR 3 Siaathel BRRABAe ske BRI T &
1 shows a tygpdgisie foRee eamftdd torwarerabp e CWP pfoddde. prior 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 donai i.0R. G, A | | ot. gener by a
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representation of process o present 1 nventi on.
(FFT)-to convert it to the frequency 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. 5 is a waterfall plot generated by a pad in need of conditioning.

FIG. 6 illustrates the principal system componenis 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.




DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS 5 The apparatus of the present

I nvention is schematically illustrated in FIG 2. It includes vibration
sensor 21, signal conditioner 22, dynam c spectrum analyzer 23, and vi sual
display unit 24. Qur preferred device for vibration sensing has been an
accel eroneter (for reasons that will be explained 10 below) but related

devi ces such as #e! 9RNGASDY BRI LD TR Rprbddifidfon YRiAGRideddesp fige™

Transfornmer (LVDT), Strain uge roxi nete magneti c an ctive), and
Laser V'brqneSemtmvmmﬁbnalso have been used wi thout departing fromthe
spirit of the invention. 15 Sensor 21 is nounted on support arm 14 of pad
conditioner 13. The signal detected by the sensor 21 corresponds to

vi brati Ona|DESUR]PleOﬂ50F‘TI-fE~'PﬁEFERREdE gmgg-rgheref ore a tine domain
representation. It 1s anplified by signal conditioner 22 which nay be

either & Constant Current Line Drive (CCLD) or a charge anplifier. If the
CCLD version is selected it to her

be 20 i
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wear rate is also a function of tine. This |led to an accel eroneter
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di spl acenen 0 becausg o Its Si ze and

can be i nstwithad depastirg 1romptheespmttdﬁd)m mvea!amhoadl ng effects. Thus, an
increase 5 in vibration velocity anplitude correlates with an increase i n
the wear rate of

15 Sensor 21 is mounted on support arm 14 of pad conditioner 13. The
signal detected by the sensor 21 comresponds to vibrational velocity as a
function of time, being therefore a time domain representation. 1t is amplified
by signal conditioner 22 which may be either a Constant Current Line Drive
(CCLD) or a charge amplifier. 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




the pad and/or pad conditioner. As a result, the process paraneters can no
| onger be optim zed once the pad and/or pad conditioner have worn out. Wen
this happens (i.e. process paranmeter optimn zation cannot be achieved after
5 several attenpts), the control software can readily issue a warning by
sounding an alarm The next step is the creation and display of a
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or fully re foned polishing pad while FIG 5 is a simlar 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 anplitude and are randomy
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It will alsg vary if. different.pad materials.qor different condjtioning
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15  pressure and head rotation rate until all abnormal peaks disappear from 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.




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 s tine domain signal that is collected using the sensor nmounted 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 the
time domain signal to a frequency domain signal, the data coll ected being
stored in data hé&dd ys @3 eﬁmmmlc&dobm@@asm pio8Ps$ Floinsillgsimatetoinvi sual
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terms of vi@ﬂ'ﬁ?‘?rdﬂ %ﬁﬁpﬁﬁ%ﬁ’ &ﬁﬂﬁuit?féé’rviﬁgge@ﬁsf@?o 164"5’{@%8& el at e

wi th pad COJ\)H:!é 'Wél@ﬁdéb"@@“@éﬂ/ésof&%Mtdrewhﬂﬂfe‘?atﬂenﬁre B%‘F‘mcef‘ddléﬂn?rfﬁés

rotation speed was seen to result in lower vibratioh anplitude. Ditferent
~sweep prof i xasededithe ppeset goadiharshige. ikds a8 coopatatos ciraui). an ef fect on 30
the vibration signal. Specifically, increasing the nunber of sweeps
resulted in a lower vibration anplitude. The | owest vibration anplitudes

were ohserved atin fdticNtd Heib@a EHNEFShenaR TG, BStHPapparBtus sfatls. @ | oved
the characteristics of
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 voltages 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

f




7 process paraneters to be nodel ed and programred into controller 67 for
real -time nonitoring and control of the pad conditioning process. FIG 7 is
an exanple of a waterfall plot generated during a pad 5 conditioning
process in which the conditioning paraneters were all optim zed as

di scussed above. As can be seen, the frequency peaks at 200 Hz di sappear

or are redu leS RS I |
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In 10 addition to saving tinme that is nore profitably used for performng
CwW, this feature also guarantees that no more of the polishing pad's
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mal f unct i ongzhns SKSH %g ¢ operation is halted and an alarm is
sounded to tri gaer arli@? ves?ls é}?I on. If the peaks are bel ow or on the guard

band, the process paraneters will be adjusted automatically until the peaks
30 & savpear (11 gt ol od B8R0 88kor E5SL AORCA bR AR S1IRG R HBLg ey e
reacheds(| Oﬁnﬁeﬁﬁan.orseglnnlng 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. If 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




until abnormal peaks appear again (loop 83). In the latter case, the new
peaks 8 are again conpared with the preset guard band and the process
paranmeters are again adjusted to effect their renoval. In conclusion, we
note the foll ow ng advantages of the invention: 5 Easy to inplenent A real
time nonitoring systemcan be inplenented using any available CMP tool

set. Reduc Oéta t t.S; Wyl i %%@ i3drQi
process wil epr Iﬁggﬂﬁéggﬁi@te%%oﬁp%ﬁ tﬁg%ggpiésw%@gg a%&fdcrgngif%soner
di sk. CVP Rirecgmin adjuateckivesifedRéfadir temevaioni toring al l ows better control of

pad conditioning throughout the pad's life, thereby nmaintaining good post
CWP wafer uniformty. Real tinme 15 nonitoring facilitates detection of

abnormal condi t ijAR@hcRiskiFS \nié‘ﬁét%q}ieff%lﬁfv&ihg%dvéﬁﬁégwb‘fh%irﬁéﬁﬁ&% from CWP
i nduced scratches. 9 CLAIM5 1. A nethod t®0 nonitor activity of a device

used tosScondition a polishing pad, conprising: 5 providing a platen to
whi ch said jpad is_attached:. supporting said conditioning device by neans of
an armt hat ser\)‘i%syttg m}ﬁ%@@"@ai d conditioni ng device agai nst said pad

while said pl at ex rgactiriaifoni | Sy R8I Carf 8% ifPIdAbAled: usihd a8k availablesai d
support arma vibration sensor that outputs a vibration 10 pattern; and
t hrough obseMPaoprbsetand anal ysis of said vibration pattern, nonitoring

sai d devi ce actiNidYued operating costs

10 Optimization of the pad conditioning process will prolong the lives of
both the polishing pad and conditioner disk.
* CMP Process enhancement
Real time monitoring allows 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.




2. The nethod of claim1 wherein said vibration sensor is selected fromthe
is group consisting of mcrophones, reflectoneters, |inear variable

di spl acenent transforners, strain gauges, magnhetic and inductive

proxi neters, and |laser vibroneters. 3. The nmethod of claim1l wherein said
vi bration sensor is an 20 acceleroneter. 4. The nethod of claim3 wherein
sai d accel e(fl?ﬂml%r nmeasures vibration acceleration, fromwhich velocity

i nformati on"nmay be derived through integration, said velocity information
relating to wear in said pad and said 25 conditioner. 5. The nethod of
claiml1 wherein said step of ponitoring device activit i.ncl udes ..

det er mi ni ng!-wherf* $B§HOE IP; PO ABLINILY %feat(@'Vﬂﬁ%Hﬁ%‘éi.toéé’nglt'oﬂ %ﬁoﬁﬁlangor end
poi nt det ectd Polishing pad conditioning process, conprising:

provi di ng ?d&‘?g?git ri%"-'Q‘ﬁ/ni ch said pad is attached; 10 supporting a

condi ti ®ni ng dewroeiding arplaten td whichesaid plhdtis staolad;t o press said

di ti oni ng devi i nst, said. pad whi] id plat d sajd
cond! om0 e 2 oAl 3h SRSl Yot eSS A8 ey
sensor t hat,ags Rii® c%nultn’%hﬁ{fg QBvice AGHihSY Baidi Pad \vihil'GarapRitdRénd said

condi tioning process; transfornmng said vibration pattern froma tine
domai n r epresgeliticaingdevioe refate;equency domai n representation; nonitoring a

Kk tai ned wi,thi id.f d in,. 10 ' ja id
beak has. di sappeiliasins it EBRERRmL 83" SehERL IR e iBidercsy
det er mipi ngpdtheh; &@d d end point has been reached. 7. The nethod of claimb6

wherein said vibration sensor is selected fromthe .
through observation and analysis of said vibration pattern, monitoring

said device aclivity.

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

vibrometers.

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

20 accelerometer.

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

25 conditioner.

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

includes determining when said activity should be terminated.
30 6. A method for end point detection of a polishing pad conditioning
process, comprising:

providing a platen to which said pad is attached; .
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15 group consisting of m crophones, reflectoneters, |inear variable

di spl acenent transforners, strain gauges, magnetic and inductive

proxi neters, and |laser vibroneters. 8. The nethod of claim®6 wherein said
vi bration sensor is an 20 accel eroneter. 9. The nethod of claim8 wherein
sai d accel eroneter neasures vibration acceleration, fromwhich velocity

i nformati on may ved . {0k egrati i gV, S AV rgat i on
relating to marﬁﬁﬁggﬁgdgp%mnﬁqﬁgiddéu(%_bgowglgpﬁzﬁ: %?J éjkergﬁll(]:éet S‘%Lrgég'll_ﬁg _
met hod of girassns@idveenditions®y depieakagainstasaiddpad twhite saiddplaterequensgiddonai n
repr esent at iot%g' occurs at about 200 Hz. 30 11. A process, having process

par anet er s,CAGIOHNY €8¥RE FOWYYi shing pad for use in CMP, conpri sing:

providing a pl ataﬁ&chﬁg;‘"@ &dSipfoRash 8 VbraBSHEnsdrthak @Wtrlitd @ Abration

condi tioning device having a support arnm attaching to sard support arma
vi brati®on geiwon; t hat outputs a vibration pattern; initiating said pad
conditioning praocess by rotating,.sai.d platen and said 5 conditioning
devi ce while pré@@?ﬁ@g éﬁ'idcp ?I?Q'ﬁ%'ﬁpﬁgr%‘é‘?ﬁsce agai nst said pad whereby

sai d support ar rfraHdsmhifg sald ebeRIbrCsatiridraiaiPtiveicrhaiftep RIBRAEation toout put
a vibration g_attern; transformng said vibration pattern froma tine domain

r epr esent atd aqueNcydamaiuentss M representation that includes a peak

having an anplit . .10 CO r.ing [ eak . i e ar nd

havi ng maxi num a{ﬁgﬁ'tcﬁﬂﬁ nfﬂnn@%ﬁhes?&iﬂ%ﬁ]@i db"&gﬁﬁ gkp‘ﬁdl tftegleﬁpgybe&or\av&@ai d

m ni mum val regreden@atRenaintil eaidPeakr lfee siisdppeatddwrdha® beent retigetioto a first

time period; if abnormal peaks do not appear during said first tine period,
preset level;, and

thereby determining that said end point has been reached.

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

vibrometers.

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

20 accelerometer.

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

25  conditioning device.

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

frequency domain representation occurs at about 200 Hz.
30 11. A process, having process parameters, to condition a polishing pad for
use in CMP, comprising:

providing a platen to which said pad is attached;
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15 termnating the process; if said peak anplitude is above said maxi num
value, immediately termnating said conditioning process and soundi ng an
alarm if said peak anplitude falls within said guard band, adjusting said
process paraneters through conputer control until said peak di sappears; 20
usi ng said adjusted process paraneters, continuing said pad conditioning

process for a s - dod- jf. ﬁkﬂikg ppears before said
second tine perﬁ)og\ﬂgwgsé,reogcgg#ﬁﬂgﬂe&[s%%g %g'%bpg@?ggepar aneters through
conmput er cont r olattaehmhgwioesaidIsuppbricarmah vilrraliomaeasaol thap petputs 2 véoiditiog sai d

process. 25 12. The process of claim 1l wherein said vibration sensor is an
accel er onetREeM;3. The process of claim 12 wherein said accel er onet er

measures Vi brat i - YN ikl | | $Md I0Mteh BHd &gy be
derived through ’{fﬁﬁ?te"gé)2?@3@%@§§ﬁ3ﬂ92|ﬁ§c%%?grrﬁt. n relﬂa:&ifi ng to wear in
sai d patl amwbnslitiothing: devicei whilegrekesing saidl 2oaditiofihg gevice sgaiist shid padl

occurs at  ABTEDS G9sUPBOH U e doerh ERe FH PG SR 21 ng
usi ng sai d gt K0BratldHiSathsm; an i ndi cation of how nuch useful lTife still

remains in said polishing pad and said conditioning device. 16. The
process of cl ai ffansfeiengisaids whbeatipnopaitern dfromamelimegongintiepresentaliongeoi se

R e M T I el
of claiign 11 wher@inipdhndBsig Séals antbliRld Bhanfuapa hahdshatiag enaximune apded
than is necessary to fully condition said pad. 15
minimum values;
if said peak amplitude is below said minimum value, the conditioning
process is allowed to continue for a first time period;
if abnormal peaks do not appear during said first time period,
15  terminating 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
30  acceleration, from which velocity information may be derived through
integration, said velocity information relating to wear in said pad and said

conditioning device.
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18. An apparatus to condition a polishing pad used for CMP, conprising: a
condi ti oni ng device having a support arm said conditioning device naking
pressure contact with said polishing pad; a vibration sensor nounted on
said support arm 20 a signal conditioner whose inputs include an output of
said vibration sensor; a dynam c spectrum anal yzer whose inputs include an
out put of said signal conditioner; and a visual display unit connected to
sai d dynam c spectrum anal yzer. 25 19. An apparatus to condition a

pol i shing pld, tTal precedst af heldint o1 wheretm,said hedak sontadnked owitr@vPsaid
conprising: _.a conditioning device having a syuppo m said conditioning
devi ce makfTRguUBR@LIMaIN %%qnfali'%%@?fa %@BPEB%% ad: 30 said pad
conditioner and said platen being capable of rotation and said pad

condi ti oner being able to sweep over a surface of said pad conditioner; 13
nmount eds on Eai d Huppocesaphtlaim fdciueher compdsingawsingsaid peakpnoplitude ass  a

| ot of t.armvi ti I ion. and h th h .
ntegrat; ot PEIGERD P Mol wChR Rt Ol BRndHt perng oA aEA e,
input to a&irﬂﬂ%'ningg@é\ﬂbé.i oner having an output; 5 said conditioner output

bei ng connected to be a first input to a digital signal processor that
further conprises a Fast Fourier Transformcapability; an externally

coonar proctksacte b, HLPBEh Rl MpPiS S50 Miaskhs hebliedd fufld 4
two- wayg 1GoranRRs hadnsohditiendagresnse ! '?gai BENdHIGSES Fotation repded; platdnt o a

conputer, respectively; said conputer further conprising a control program
and a dat a rRigHenyspeed, and number of sweeps made by said pad conditioner.

17.  The process of claim 11 wherein no more of said polishing pad’s surface
is removed than is necessary fo fully condition said pad.
15
18.  An apparatus to condition a polishing pad used for CMP, comprising:
a conditioning device having a support arm, said conditioning device
making pressure contact with said polishing pad;
a vibration sensor mounted on said support arm;
20 a signal conditioner whose inputs include an output of said vibration
sensor;
a dynamic spectrum analyzer whose inputs include an output of said
signal conditioner; and

a visual display unit connected to said dynamic spectrum analyzer.

25
19.  An apparatus to condition a polishing pad, that is attached to a platen,
thatis 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,
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said digital signal processor having third and fourth two-way connections
to a watch dog unit and to an RS 232 Interface, respectively; 15 said
digital signal processor having an output that is connected to a

digital -to-anal og converter and to a relay, said digital-to-anal og
converter and relay serving to drive an alarmand warning |ight tower; and

said RS 232 int ' Lt - | t I Qs a
serial communi cgﬁﬁgﬁggmééﬁgrﬁﬁp F@r%}g]id}%rﬁ]g %d%’?ﬂ%ﬁ@%ﬁ@%@%ﬁ oc%ﬁn%\ljttﬁétrlg or
20 nodens faplotafveupgpongarm Gibratienaippeocddratiodeand ineede] throligh mté§ratioar ei n

said pad con iL'oniQ?@ﬁgrocess controléer control s pad cqnditjoner,

pressure, p&PYYnFA glerrpgler At Beig epnisated @Sath dPYni0ed, SRR ¢ he

nunber of s ditMesPavimatsh SYpsei d 25 pad conditioner. 21. The apparatus
described in cII aim 19Vmer EIBI’I p?sg'ldi d visual display may be used to indicate

when safd pad hasideendfionky octmdihdinpednnadied2o The Brspainptitito dedigitdlbed i n
has been deverHRIGEET" DeATHARBEBBPER L aTAgY FaVFYY TR ATl Ry
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
10 connections to a pad conditioning process controlier and to a computer,
respectively;
said computer further comprising a control program and a data memory;
said digital signal processor having third and fourth two-way connections
to a watch dog unit and to an RS 232 Interface, respectively;
15 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
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

20 modems for networking.

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

25 pad conditioner.

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

used to indicate when said pad has been fully conditioned.
30 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
conditioned.
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