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purpose of controlling the physical vapor deposition

process.
2. Description of Related Art
[0002] In the formation of integrated circuits, flat

panel displays, inkjet print-heads, and data storage
devices sputtering targets are material sources
utilized in the physical vapor deposition (PVD)
processes. Sputter targets are generally made of
highly advanced engineered material of high purity
(e.g. Ta, Ti, Cu, Al, Au, etc.). The targets are
produced via a number of various energy intensive
processes, depending on the ultimate application.
During the PVD process, the targets are employed to
deposit a thin metal film on a particular substrate.
Consequently, in a typical PVD process, the target is
sputtered by the bombardment of ions generated in a
glow discharge plasma and the sputtered particles are
condensed on the substrate to material as thin film.

The magnetron system provides a high deposition rate



condensed on the substrate to material as thin film
The magnetron system provides a high deposition
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mat eri al renoved fromthe target and deposited onto
the substrate, creates erosion, patterns onto the
target due to the uneven distribution of the plasm
thereon. The patterns are non-uniformand may |ead to
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transducers i nstalled on the surface of the cathode
PVD process. One of the methods includes the
rudimentary opening of the vacuum chamber to visually
inspect the state of the target. Naturally, this
manual monitoring practice cannot be employed when the
deposition process is occurring, as it causes

substantial energy losses as well as lengthy equipment

downtime.

[0604] More recently, in-situ systems for monitoring
have been developed. Mohnke et al (German Democratic
Republic Patent Document No. 216,258 Al) discloses a
system where the propagation of surface acoustic waves
on the target is utilized to measure and control the
cathode sputtering proéess. In particular, two
transducers installed on the surface of the cathode
sputtering target are employed to propagate and receive
the surface acoustic waves. One of the disadvantages
related to this system is that the transducers are
disposed on the surface of the target, albeit outside

the erosion zone, where part of the target material



sputtering target are enpl oyed to propagate and

recei ve the surface acoustic waves. One of the
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transducers are di sposed on the surface of the target,
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Docunment No.” 6 [1994-41, 744] ) discloses an
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thickness in sputtering system by attaching an
ultrasonic oscillator to the back side of the target in
the sputtering system, radiating an ultrasonic wave
from this ultrasonic oscillator into the target, and
detecting the resonance of the target. In another
sputtering system, Kishimoto et al (Japanese Patent
Document No. 6[1994-41,744]) discloses an ultrasonic
transmitter and receiver, as well as a controller for
arithmetic processing of the output of the receiver.

An arrangement is made to measure the propagation time
of an ultrasonic wave that makes a round trip through
the target in both the eroded and uneroded region, and
the extent of the target erosion has occurred is
measured by examining the ratio of the minimum to
maximum propagation times with the use of a controller.
However, in the latter two systems, the ultrasonic

transmitters propagate waves in the thickness direction



An arrangenent is made to neasure the propagation tine
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controller. However, in the latter two systens, the
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[oo08] It is yet another object of the invention, to
employ an ultrasonic device which propagates waves over

and throughout the entire target.

[0009] It is a further object of the invention, to
provide two or more acoustic devices that generate and
detect the ultrasonic signals in a sputter target
assembly in a non-invasive manner.

[0010] Other objects and advantages of the present
invention will become apparent to one of ordinary skill
in the art upon review of the specification, drawings

and claims appended hereto.

SUMMARY OF THE INVENTION

[0011] The foregoing objectives are met by the
method and apparatus of the present invention.
According to a one aspect of the invention, a method
for real-time monitoring surface area erosion of a

sputter target and controlling the physical vapor



[0010] O her objects and advantages of the present
invention will become apparent to one of ordinary
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drawi ngs and cl ai nrs appended hereto. SUMVARY OF THE
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surface area erosion of a sputter target .in a physi cal
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i nchpdes, @ SRUbE ekhBYshatget assgably including a

backi ng plate and a sputter target having a surface

ar eBOQk2Lh i sAccording to another aspect” of the invention,
an apparatus for real-time monitoring surface area
erosion of a sputter target in a physical vapor
deposition process is provided. The apparatus includes
a sputtering target assembly including a backing plate
and a sputter target having a surface area which is
sputtered to deposit a thin film onto a substrate; at
least one transducer disposed through the back of the
backing plate to transmit, propagate and receive
ultrasonic waves over substantially the entire surface
of the sputter target; a pulser/receiver to provide and
receive a voltage from the at least one transducer; an
oscillator or a digitizing circuit/device to record the
ultrasonic wave signal transmitted and received; and a
program logic device to monitor aﬁd determine the depth
of erosion at different locations on the surface of the
sputtering target in real-time during a physical wvapor

deposition process.



sputtered to deposit a thin filmonto a substrate; at

| east one transducer disposed through the back of the
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ultrasoni ¢ waves over substantially the entire surface

of the sputter target; a pulseg/receiver to provide
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situ nonitoring system [0016] Fig. 3 represent a
schefflti c sputter target assenbly with the transducers

i nsggdesh i n theybagkhdgi LS schematic cross-sectional

representation of an in-situ monitoring system;

[0016] Fig. 3 represent a schematic sputter target
assembly with the transducers inserted in the backing
plate;

[0017] Fig. 4 illustrates the real-time monitoring
system including the pulser/receiver, the oscilloscope
(or a digitizing circuit/device) and controller;

[0018] Fig. 5 illustrates a target assembly having
the acoustic devices inserted into the backing plate at
an angle ranging from 5-45 degrees in relation to a
perpendicular to the plane of the target plate.

[0019] Fig. 6 depicts the erosion profile of a
sputter target;

[0020] Fig. 7 represent the acquired waveforms in
(a) backing plate only; (b) fresh plate, (c) lightly
eroded plate (33.33% of the nominal life); and (d)
deeply eroded plate (130.48% of the nominal life);
[0021] Fig. 8 illustrates the reassigned spectrogram

of the waveform in (a) backing plate only; (b) fresh



[0017] Fig. 4 illustrates the real-tinme nonitoring
systemincluding the pul ser/receiver, the oscilloscope

W@ 007a13¥83)i ti zing circuit/device) and control | BET/US2006/028073
[0018] Fig. 5 illustrates a target assenbly having the
acoustic devices inserted into,the backing plate at an
angle ranging from5-45 degrees in relation to a
per pendi cular to the plane of the target plate. [0019]
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consunpti‘on t hroughout the PVD process,- and [0023]

Fig. 10 illustrates the cross -spectral density
estimation q e acquh s ed- wave 5
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basprh24In parthe ainidrec feal 14 ibesedni iorpagtsuphathe real-
erosion of a sputter target utilized_in the FVD
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active or sinultaneous nonitoring of
those skilled in the art that “real-time” as employed

herein means the active or simultaneous monitoring of
the surface erosion as the particular process is
carried out. The development of a real-time method and
apparatus takes data in-situ during the normal
operation of the sputtering equipment, and which does
not interfere with its normal operation.

[0025] As illustrated in Fig. 2, a sputtering target
assembly 20 is provided. The assembly includes a
backing plate 22 and a sputter target 24 having a
surface which is sputtered to deposit a thin layer of
film onto a substrate. As shown therein, a pattern of
erosion occurs during the PVD process, wherein a plasma
is applied to the surface of sputter target 24. 1In
order to monitor the erosion of sputter target 24, an
acoustic device 26 is embedded in the backside of
backing plate 22. The acoustic device is employed to
propagate ultrasound waves through the sputter target

and receive gsame in order to monitor the erosion state



the surface erosion as the particular process is

carried out. The devel opnent of a real-tine nethod and
Wa@ppanses takes data in- situ during the nornBCT/US2006/028073

operation of the sputtering equipnment, and whi ch does

not interfere with its normal operation. [0025] A's

illustrated in Fig. 2, a sriut8te'ri ng target assenbly

20 is provided. The assenbly includes a backing plate
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rasoni ¢ waves are pronul gated by acoustic
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Ofp&%%ent invention, and as illustrated in Fig. 3, two
acoustic devices 32 are embedded through the backside
of backing plate 34 of sputter target assembly 30. The
acoustic devices can be piezoelectric elements such as
the 2.25MHz transducers manufactured by KB Aerotech.
The transducers are disposed on the periphery of the
sputter target in a “pitch and catch” arrangement,
where the ultrasonic waves are generated by one of the
transducers and received by the other. Preferably, the
transducers are disposed on the perimeter of backing
plate 34 at an angle ranging from about 0 to 180
degrees and preferably set at about 67.5 degrees apart.
As depicted in Fig. 4, a pulser/receiver 40 is employed
to deliver a transient voltage to the acoustic
devices/transducers 32. The pulser/receiver can be a
5077PR instrument provided by Panametrics and which
generates and delivers at least 100 volts. A stress

field propagates through target assembly 30, and the



sputter target 26. [0026] In accordance w th another
enbodi nent of the present invention, and as

WO bkdoasivated in Fig. 3 , tw acoustic devi ces BRI/EFM06/028073
enbedded t hrough the backsi de of backing plate 34 of
sputter target assenbly 30. The acoustic devices can
be piezoelectric elenments such as the 2. 25MHz
transducers manufactured by KB Aerotech. The .
t r anscisc ereopace taids pose dare ved gur igitrergf dfhe rcoustic

sputter target . i.n.a "pitch and catch" e t
wh&EY 1988 Gkt MRIGH &q?\?a"(?ééksarsea%eentec? at gcrc?’l Ey oér%@o¥o%%%ge
tr JRsdUcant anthd eefiteik hyaddrori has .Ruedmlabdd, to hehe
transducers are di sposed on the perinmeter of backi

n
pl atd s34 /e cari varg 149 i afgi Gty ¥ drEb GRS 9 ghe Voltage
deqgrees and,.pref y Set : - O AeYE€LSao

apgzﬂ .anAsosgelg‘llc;%tsg?%l%n | g.a 2&% rg‘%rl recei V)Zr 40 is
enpltayieddd tdeldiverl sy tulensient Laoh teafyeche ¢hectronic
acoustic devices/ transducers, 32 . The. ulser/receivgg
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Si g.IIRlle. The oscill oscope (or a digitizing circuit)
utilized can be a TDS3052 500kMHz i nstrunent nade by )
TektQ@a1x. THe di stuitther ocpmibpdbmenst | NAaRGr ghown 1n Fig.

5, the backing plate 34 is bored at an angle ranging
from 5 to 45 degrees in relation to a perpendicular to
the plane of the target plate. The acoustic devices
are placed therein in a number of locations. The
signal transmission is enhanced as the noise level
associated with the propagating waves is reduced by
about 3-50%. Naturally, a number of acoustic devices
32 can be employed in the process.

[0028] The acoustic monitoring technique combined
with the signal processing techniques can be utilized
for monitoring of non-uniformly shaped erosion patterns
of the sputter targets during the PVD process.
Consequently, the life expectancy predictions of the
sputtering targets can be made in an uninterrupted
manner.

[0029] The process is carried out to acquire the
transient responses of the sputter target excited by

the embedded piezoelectric transducer. Various signal



frequencies is sent to a programlogic device or

conputer which is enployed to determ ne the depth of
wee@siont different | ocations on the target PET/USZNN6/028073

time. [0027] In a further enbodi nent, and as shown in

Fig. 5, the backing plate 34 ] bored at an angl e

ranging from5 to 45 degrees imrelation to a

per pendi cul ar to the plane of the target plate. The
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acoustic devices 32 can be enployed in the process.
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[0030] The pulser/receiver 40 generates and detects
guided plate waves in the bonded sputtering target.
Waveforms are acquired and processed for identifying
erosion levels. The dispersion curves of the backing
plate and the sputter target assembly are developed by
utilizing the time-frequency analysis. Comparisons of
the dispersion curves of the bonded sputtgring target
in different erosion levels are made, and the cross-
correlation technique in the time domain is applied to
identify the severity level of the erosion patterns.
Spectral-density estimation of cross-relation is
calculated as well.
[0031] The acoustic monitoring and signal processing
techniques utilized for real-time monitoring of the
sputter target and control over the PVD process will be
further described in detail with reference to the
following example, which is, however, not to be

construed as limiting the invention.



cross-correl ati on based i ndex extraction (al so

referred to as the tine-domain analysis) ; and (iii)
wee@sssPextral density estimation (al so referredr/s2086028073

the frequency- donain signal processing) . This

acoustic nonitoring systemis ?ncorporated into the

PVD process for real-tine nDnl oring of the

end-of -life detection of a sputtering target assenbly

wi t hout the |nterrupt|on Of EXANPTHE/D cycl e. [0030] The

pul ser/receiv enerates and detects |d§ Q lﬁeFlg

mad@ 321 the ST A5 et up 6 ar e

acqui r qghAnd: IHOCasSh J&F I dentndyivedcangi @a1le¥ets. 100
The di spersion curves of the backing plate and the

SDUMWS tsEugete auslem o ditee créwnsme@twg URFPESERY EpBice
-fre uenc lysis
g%er &% nla él]f%%u%n?? cgjfspu terl ngH§ ?Jé%\trl?%d &

dl fsfyefcemorefmg)rpdm@l@ ateigmste, thoddigetal oscilloscope
crosscorrel ation technique in the_ti domgj n

apﬂ%eujﬁhﬁlRﬁﬁﬂqgﬂﬁ%Wﬁa%ﬁR&ﬁq¥? ﬁ%@ﬂg %Fc%ﬁﬁdeggsF%ﬁ

patLef G rad %%ﬁ@“&éﬁf@%'ﬁ?tiﬁﬁ Pfcted with the
Cross-re atlon 'S %u | ated as wel | .e[0031] The

ac Gustfiacaromit ot inp ool shgrndedcesst hgrieghhrEaes

ut|I| Z or real,-ti ne. o itoring.of, t Ut t er :
S o S TR AR 3y BEE R laperion
f ur e rdesdd | bethd nyweded |wanrdd pﬁéﬁﬁ@atﬁnQOaﬂ.bag the

foIIo exanpl e, which is, however, not .
coﬁ%ﬁﬂd%g %Jtﬁ‘?ﬁ IRAGERFRET (IWRFR | %‘ﬁq‘Ek’AF@L%Y[ Eggﬁeﬁ"ﬁ M

| nsf 1 (S Yere-Sels Up ASe Shoywi +85Fs9gnd1- wdBesaved as a

pul ser/receiver Y/ generated and dellvered 100
digital waveform by the oscilloscope and transmitted to
computer 44 for signal processing.
f0033] With reference to Fig. 2, the bonded
sputtering target assembly included a backing plate 22
manufactured from a copper material, a sputter target
24 of tungsten/titanium and a thin bonding layer (e.g.,
solder) therebetween. The thickness of the backing
plate was 6.80mm, with a sputter target plate of
6.60mm, and the solder bond in between having a
thickness of 0.51mm.
[0034] During the deposition process, the sputtering
target tends to erode the fastest in the areas where
the plasma interacts with the target as a result of the
magnetic field applied on the underside of the backing
plate, creating grooves on the surface of the
sputtering target. Three different erosion grooves,
named here as inner, outer and central erosion zones,
were identified. The erosion profile is shown in Fig.

6. The distances from inner erosion and outer erosion



volts square pulse to the transmtting acoustic device

32, at a central frequency of 50CkHz, and provided a
wagnckhimss zi ng pul se to trigger the digital PCT/US2006/028073

osci |l | oscope 42 . The propagating acoustic field

excited by the transmtting a gustic devi ce 32

interacted with the surface_vgri ation of the bonded

sputtering target resulting in the guided waves with

cerdcaigs dics péres icamipropet thiles . spiiie- i nip dt aeyes was

propagati ng al ong the bonded sputtering f.arget wer

B BRI oha Tectit g SRRATL 1 0 Bovi CEia e Sthen .
acQUJB SR Was SR esh a1 Swdlii d12ds Ve ehoem bymbieed
oscl |l oscope and transmtted to conputer 44 for signal

gr ctg:eish’mglnr{ec!ﬁ%}d Wutter efrosiee 3QR9S gthpoughget the
onded .sputtering target ,ass ' i

pl &SR AT £ r ot a op%ee]# q%a#%%?a%ﬁg&é st
sputdrargihargett 4 @aftdringsdéeivn tidmanidue abd aheéhshrongest

bondi ng "ayer (e.g., solder) therebetween. The :
t hintseredsr st Gtéfécg%ﬁ:ki ﬁ&i%rllé%fée\@%? . hgj pHtgr erosion

P t : i | dgtebandei-pai
SEHBERA AR S0 E SO g gt doroain

t henadepiosifidwrsgiace ssurrdeesputherspigt targedrgehdssSt o

erode the fastest in the areas ere .

i nt]%q'lﬁlﬁ%e({/\d"flﬁ: He fléﬁ’ [ tO%% a Tesul téljc;)$ ?Jﬁgj?grrg%ﬂ%t i3 the
fi elehrappld athomither unkes sodlegtotdei backi hgpprasece in
creating grooves on the surface of the sgutteri n

{ ArRRdi e (€19 (@It oF bSF GRE F o VERYE REREBONbRETSE

rfigyLeT R SSplkel sipson o seiag carsec
defined by manufacturing is not the actual %ife of the
target but the conventional empirical value for
reliable sputtering. The nominal life of the tested
tungsten/titanium target for reliable sputtering was
214kW-hrs. The actual life of the target observed in
acoustic monitoring in-situ was 277kW-hrs. Thus, the
actual life of the target was 63kW—hré longer than that
of the nominal life, that is, there is extra 33%
thickness of the“target material could be utilized.
[0036] During real-time monitoring, the guided
acoustic waves launched by the transmitting acoustic
device in the bonded sputtering target were acquired at
the receiving acoustic device, as the sputtering
process proceeded. The critical thickness variance of
the three erosion grooves under the different erosion
levels was recorded. Totally twenty-nine sets of
waveforms corresponding to the sputtering target with
various erosion levels were acquired throughout the in-

situ testing. The three typical cases of waveforms for



6 . The distances frominner erosion and outer
er osi onzones to the center of the sputtering target
wor®708930nm and 114. 30mm respectively. The cReI/U§1006/028073
erosi on zone was the shal |l owest erosion area conpared
to the inner and outer erosion,zones throughout the
sputtering process. The sputtér target eroded nost
rapidly at the outer erosion zone due to the strongest
magriet reonded exst tathieng tttergept $pedifhed cas efresbspbate,
appr.oaches the. sputter rgef thickness say . tal
g SR ptEeP Tt el SBiT Caea perLfe) | 2hd
relagetMddy pfaesh(one. adhuse the hoaiLaentife) t were
depth of the outer erosion groove is of inportance in
pr dédintlated ecenshen | jn etle TalgpheieVing target.
[0035] The nomnal life of a sputtering target defined
by manufacturing is not the actual life of the target

but the conventional enpiricahb¥al ue for reliable
sputtering. The nomnal life of the tested

t ungst N7 TErbadBl M | Alcgeal L@fe el | @Rl knsPslMeaEtitpenaS
214kW hrs. staee actal |ife of [Theyfarget ghservVedsin,
acoustic nonitoring in-situ wds 27/kWhrs. fhus, the
actual lifewof the|oatoFet was |68kadOhRs| [CoRGEE {f Haf0Omm
that of the nomina] 24¥e, thatj is, thefe is extira 33%
t hi ckness—of the t by §) Hal—couldi-he_wHizeds—
. —_ . mi 5 el .
[0036] Durifig? real | {7 e Honi tcr{]l 89307%]@(9361}2@“;,1 (a3)
acoustic waves |aup¢higd,py the transmifting acustic
devi ce 2 et SRk e T U tAsURt | WEE B2k J& . 65%m
at the recelving apusls C devi|cgs.as)t hesSpukt erizegsss
process proceeded. | Tée 76&j ti cdl thicknpess varignce) of
the three erosi on freoseswundgr 2tdemtll | faepemim ¢r208ponm
hours (39.20%) | (72.79%) | (45.59%
(93.16%) )
W05 213.59 kW- N/A N/A N/A
hours
(101.71%)
Woe 255.87kW- 3.149%mm 6.096mm 3.657mm
hours (49.59%) | (96.00%) (57.59%
(121.84%) )
Wo7 274.01 kwW- N/A N/A N/Aa
hours
(130.48%)

[0037] The transient waveforms acquired in (a)
backing plate only (b) fresh or target plate (c) light
eroded plate (33.33% of the nominal life) and (d) deep
eroded plate (130.48% of the nominal life) with the
same propagation distance, d=109mm, are depicted in
Fig. 7. These waveforms are sampled at 250MHz and
averaged 512 times to obtain high signal-to-noise ratio
(SNR) . It is observed that the four transient
waveforms have similar arrival times, which was

approximately 24us from the transmitting port to the



| evel s was recorded. Totally twenty-nine sets of
wavef orms corresponding to the sputtering target wth

W a007oud3er osi on | evel s were acquired throughoRCT/URE06/028073
insitu testing. The three typical cases of waveforns
forthe bonded sputtering taggg% specified as fresh
plate, light eroded plate (33.33% of the nomnal life)
and deep eroded plate (130.48% of the nom nal |ife)
werededivilngt ebrar.e dhovevemn, ttiee Tl thedow. eabs ein the

[0037] The.transient f i r.ed i [
bl GESe0rly BT R ah- e (i p et g Ay Thgm Cor She
pl 8t d33:3B%rfadd e i datpli @) imnd 4 ) tleepi enodethe

plate (13 0.48%of the nominal life) with the sanme

pr %c_fayamaow ;ﬁoscttatrm@-, dh1vemoarerengted Pa ppynd LY

. ese v.ef or.ns e np. . at \Y; ed
51270, FET e e TR o i R o L e e eRE

I't pﬁéﬁﬂ%ﬂﬁdﬁﬂﬂéf&uet$@ floeirl dalomnse enf swowvaioresehgyeinto
simlar arrival tines, which was r oxi ely 24ns

{1 G RoTdath YT hg orEL T oL 4TS Lot SPTG pobe Compared

HOWRY Qe tﬂ%;ﬁd&ﬁﬂf&g%ﬁ eVigd Shddkihe $BS€e 0bnbRACki Agrther

plate are nuc gher than those in fresh and eroded
boredierhadlp Ertaere s nareres stoiahired the eumeaqavehe features

por.tjon.. Wil e not ting:t :

parltdreé-&laqy]trf?eo Ve s:’/%{]?es %%I?%%%ﬁ&?ﬁg%%lsgg%ﬁeﬁgngﬁgn

:Sﬂ*&ﬁéﬁéﬁ%?hdﬁﬁﬁ@ﬁmsof strain energy into the bonded

ayers in this target assenbly as conpared he. ’

pr ofRFdtl on iTQ HEMBRRKFH" a?’éo?)‘?ﬁ%}?niu’iﬂ?%g?égi gRgtude

Prqﬁﬁ?%iﬂ&ké%%?ﬂfﬁﬂ%&e@iﬁ0t§%é£ﬁ§éq&@§c§eéﬁél 8is based

identifying the state of erosion | évels out of the

t r ahisipents wav efwrnss development of multimode guide wave;
(ii) cross-correlation based index extraction; and
(iii) cross-spectral density estimation.

Method 1. The Time-Frequency Analysis

[0039] Many modes of elastic waves propagate in a
waveguide, and each wave mode has a unique velocity-
frequency relationship known as dispersion relation.
Elastic moduli, material density and geometric
dimensions of a waveguide govern the dispersion
relations of the guided waves. A multilayered system
made up of platelike waveguides also has the dispersion
feature, and the corresponding dispersion curves depend
on the material properties and thickness of each layer.
When the presence of flaws (e.g., erosions or cracks)
appears on the surface or inside of the waveguide
structure, the dispersion curves displays the
corresponding changes as the form of modes shifting or

conversion. Signal processing methods (e.g. time-



[0038] The three signal processing nethods include the

af orenentioned (i) tinme -frequency anal ysis based
wale@per®sdn curves devel opnent of rmnultinbde guPAPUSENE)28073

(ii) cross -correlation based index extraction; and

(iii) cross-spectral density & timation. Method 1 .

The Tinme -Frequency Anal ysis [[0039] Many nodes of

el asti c waves propagate in a wavegui de, and each wave

o e ditfiferf Rindilersied ocity f ¥ equien ayt 1ol zxtd ons hilgt «roine

as dispersion relation., Elastic noduli, material

deridia \PiFRerFESRe g @ HidRMH P o DF 4k 2yui de gover n
t he&(ﬁiﬁﬂer Si @ 1@l i Sy Hfed NBrJUh SR tYRYBSnady signals

multilayered system made up of platelike wavegui des
al sof hasedusna spet sl fesdereraieg twetl of FBe pondiage

di spersi.on curves depend on e materjal

andPtHREIH &S §i° & efsa%t?e.é%Pénat er%% e@%ﬁ%@é#’ﬁél

fl awsr {0l of VRPNt £I1BEKEIn appear Bundtibe of time
surface or inside of the wavegui de structure

the . ,
di st siesmuancresi i ey eHec ey r dSpoHdi nngeﬁangggectlon
as e Jordp,of a@dﬁ%&m{[ﬁén@?@ LERDY CIShaTn b0l 1ed
pr ocessi ng et hods e.g. tinefrequency analysis, etc.)
wertei e -4 fiterpbriay dedreras et 4theons s fBFR$ bnof e ationglef A

a structure. [0040] U trasonic Ves are -
st a‘iQ?ﬁf&#ﬁF ﬁg&ralﬁéa&fs*?&ﬁgeﬁ%@c he &l i‘?%%ee@%%ﬁyﬁg on
Wi thhd | L8y {FRES &rSidinsihits CanThe FeRsesenéddspycarogram

t hr ee- di nensi onal _surface of energy di stribution as B g
f urteadloniofe Marehmn frke eyt iadt eaeing r EgpdawyMetho

dong MJh&EPW§éﬁgd(HE(% f@fiﬁ@ﬁé?@eofnéﬁoikn?ime Fourier
-frequency domain is called tine -frequency
r epresentadn ofSTKMFRe)1idfl &is sdghihed Aas:

Su(t, )= +Tx(r)h*('r ~Ne ™ dr

(1)
[0041] where h(t) is a window function. STFT
spectrogram (i.e., energy distribution of a signal) is
the squared modulus of the windowed Fourier transform
and plotted in time-frequency domain. However, the
STFT cannot localize very precisely the energy
distribution of a signal in time-frequency domain. The
trade-off relationship between the time and frequency
resolutions was improved by utilizing the reassignment
technique. In reassignment theory, the spectrogram or
energy distribution is moved away from its original
coordinates (¢, f) to the reassigned locations of new
coordinates where energy spreading has been reduced
greatly. As a result, improved visualization was

obtained with sharp temporal and spectral resolutions



speci fic TFR, reassi gned spectrogram was enployed on
the acquired waveforns . The reassi gned spectrogram
wo e@inixgee based on the Modified Myvi ng W ndow®EURmA6/028073
(MWW was viewed as a refinenent of Short -Tine
Fourier Transform (STFT) mthE is defined as: ]x{t)h
{t-t)e-J2 fdt (D [0041] where ﬁ(t) is a w ndow
function. STFT spectrogram (i.e., energy distribution
of a signal) is the squared noduhg;ﬁﬁg t he mnmdowf for

Fo@ioar dgchn s fTemEEaE e PS'h IH3RR
domai n. However, the T _Iocal|ze very
pr@cﬁ@ﬁ?}ﬁﬂ%§%ﬁwwere ?‘ utloh of a signal in tine

-frequency domai,n. Thqh(&qd 3% ExF, )atlonshlp bet ween
the tine and fr eeu s i nproved by
utilizing the reassi gnme Suﬁdhﬁ i qgue. In reassignnment
t heory, the spectrogram or energy distribution is :
noved away fromits original coordidates (t,f) to the
reassi gned | ocati ons of new coordinates where energy
spreadi ng has b?q_ q%@hd@?@ﬁéa&KvJ.f a result,

i mproved vi sual ¥za h§¥g £2| th sharp
tenporal and spectral reso "énsL L prOV|ded The
reassi gned new coordi nates t and / %Pr a spectrogram
were defined as : (2) (3) where S f (x,t,f) is the

ST%RéEgi§kkh9ﬁ)OISS£HQabT§TU%EEQnition of signal x using
window function hi(t); Sm(xtf) and Sm(xt f) are the
an()

STFTs with ¢-A() and ——+as their window functions;

respectively. The reassignment spectrogram was
implemented in a commercially available MATLAB program.
[0042] The reassigned spectrogram technique was
employed on the acquired transient waveforms of the
backing plate and the bonded sputtering target under
various erosion levels to determine the corresponding
dispersion relations. The reassigned spectrogram of
the backing plate superimposed with the analytical
dispersion curves of a 6.80mm-thick copper plate is
depicted in Fig. 8(a). The analytical dispersion
curves are plotted as solid (symmetric mode) and dashed
(anti-symmetric mode) lines. A software package (AGU-
Vallen Dispersion Curves) was utilized to calculate the
analytical dispersion curves of the 6.80mm-thick copper
plate. It was observed that the reassignment
spectrogram provided concurrence and an easy vigual
mode interpolation between the analytical and

experimental dispersion curves of the backing plate



wi ndow function h(t); Sth(x,t,f) and S D h {x,t,f)
are the STFTs with t-h(t) and - -as their w ndow

wo eoocies; d t respectively. The reassi gnnment PCT/US2006/028073
spectrogramwas i nplenented in a comercially
avai | abl e MATLAB program [0O0 %] _The reassi gned
spectrogram techni que was enployed on the acquired
transi ent waveforns of the backing plate and the
bordarhisputderany dveget undierr Viae | d08S er bsi 68 Flhyensthat
to determ ne the correspondi ng di spersion relati .
Thé e SS9 GridtP S b (FOOTSai ! TS’ BaGHi RgopPaL Gareh at the

ate

SURSIAJPQsed; Wi hsdbiei anal yiseal - dispersiga gHt¥esadj of
a 6.80mmthick copper plate is depicted in Fig. 8 (a)
T aainatckd wodeerSi oficifyvBigh fremeney genge of

sol i y ric b - aet 1k

o hodiih Saft it SRR etk Prn Y Sherslane
Curesuansy utahde edf t 0. caizud agHzhe anal yti cal

di spersion curves, of the 6 .80m thick co%er gl.at%bde S
| t Pbser EHERHAL tRRSFBASSTBRNERATIS pe BV PEGFARAT 0
pr oy CORG U d asy ymgdab.pPge has less

[ n?l\eﬂr po atfl%“ri %%?g&e%@?hgﬁgil ytical and experinent al

di sperss omicenies ofmparedaeki FHae ppabew eHMRCEERCalpdes
areas. Prior to 40ns Lt own: Lh he

expfgﬁ feht oY p?%%"é%%r%e%‘?%%?d%g l\é\ﬂ]g%oglg%%t'ch]ag%’otn Re®=Hs
first afrdvetisecti easideausty dRasihidieidotér wetpsobince
the symetric nodes_S3, S4 in high fre?uenc% raﬂqge of

| MEhe SYIWRBtBhE TRESSyARRt AL noule st 1CsBOARSPEg e

fr egusnoy, ' 4096081 afa- 40EE1 L. BMilaaithOA43hyW thien the

same tlneyr%ﬁge, symetric node SO in the | ow

f r ecpiEneyt angef pbmOvke - Bpudsidgsofeshe backing plate
begin interacting and mixing with the reflection-free
wave fronts.
[0044] Fig. 8(b) displays the reassigned spectrogram
in the case of the fresh plate superimposed with the
analytical dispersion curves of a 6.80mm-thick copper
plate. Since the boundary conditions and waveguide
material changed, the current dispersion curves only
slightly resemble the analytically developed dispersion
curves of the copper plate. Prior to 40us, the first
arrival wave packets no longer match the curved
sections of the analytical dispersion curves. For
example, modes both in the high frequency range of
1.6MHz-1.8MHz and in the low frequency range of 0.2MHz-
0.4MHz are missing. In addition, modes at 0.6MHz and
in the fregquency range of 0.8MHz-1.2MHz are translated
forward. It is believed that the transmission velocity
in tungsten/titanium is much faster than that in

copper, and these modes, which are more sensitive to



curve matching conpared to the other symetric nodes
due to | ow energy density at this node. Beyond 45ns ,

wo oor®1®BIficult to identify the individual noPERUSINE@E28073
the symmetric nodes and anti- symmetric nodes are
cl osely spaced and overl ap. 3%|t|onally, t he
refl ections fromthe boundari of the backing plate
begin interacting and mixing with the reflection- free
wavghd ramsged 008 4hategiaB phypeispeaydurhegr hesgghddd
spectrogramin the case of ,the
suﬁ@?ﬁﬁ%&&&?%@??ﬁ?%e %ﬁ%i?t?%%?eﬁlgﬁgygﬁ RREGRIRSTBF

a G, R0ued hi %ﬁp@@eiﬁpéﬁt €na$ FEE tBppbeundgey .
condi t1ons and wavegui mat eri al changed, the current

di SﬂmmM@urW@%S@W?n%itgﬁ@IWodégeﬁfi@}’@ freward or arrive
e e Sonke! TETERLT SNYET ave packors

pl at arrrval wave packets
no [ ®ogsY natmhgthe(@pr&eﬁleesttbesre&ssMgnadaprCtabgram

di spersion curves. For exanple, nodes both Ii ﬁh;ﬁhigh
freofucres }imlge oFoded griBLe WEIRZ 3 ARUPIHERE L

fre éﬁﬂé&angfto&ag bR 703 4MhRt aE BeMESShRJedhBs of
ad i'on, nodes at 0.6MHz and in the frequency range

of tfhe%ensuzm mpdesrans| aheftedr haswarg cempared to
believed that the transmssion velociiy g?lor to 40#8 the

t ung&En/ Y AR UNTTRS R h £ A%t eF e hRn -t hBE *Ph Cop

ands dResel s desde whi € heBe ef fegreesensrahye bt beBMHz -
changes of material_properties durjng the guided wave
prdbﬂﬁ@@?oﬁrembﬁ?@s¥%§ﬁ@rb§F%V%thFYoﬁgﬁeWh@lcrosecon S-

rBREILI AL RLRUSS, LAl eaE e phataga, uite, nooc

arr@ﬁethﬁufqrmar@edtmodéardisegpeﬁc?draﬁgéhpwn in Fig.
8 (d), since the preferred propagation path for these
sensitive modes in tungsten/titanium layer becomes
thinner and narrower, as well as additional
tungsten/titanium material is consumed. As a result,
some sensitive modes in dispersion curves move backward
continuously until they disappear as erosion spreads
wide and deep. By visualization, a consistent change
of mode shifting interpreted by reassigned spectrogram
in time-frequency domain is obtained and thereafter the
state of erosion levels and the actual life of the
sputtering target can be effectively monitored (see
Figs 8(b)-(d)).

Method 2. Cross-correlation Based Index Extraction

[0046] The progress of erosion patterns on the
sputtering target continuously affects dispersion
properties of the guided waves, which conseqguently
results in the variance of wave shapes. The degree of

wave shapes variance increases as more



[0045] Fig. 8 (c) depicts the reassigned spectrogram

of the light eroded plate with 33% nomnal life
wae@onsion®as |t was observed that the front edgeBCDS2006/028073

these sensitive nodes are shifted backward conpared to

those with no erosion. For exagple, prior to 40ms |,

the forwarded nodes in the fréquency range of 0 .8MVHz

- 1.4MHz are translated backward by a few o .

M cuesetends i tafreinine mesicorn. ale epe reonounsSd Y ofhe heinilarity

nomnal life, nost of the forwarded nodes_ disa

as Eh&he AT MIFEB WS LOWIhE T 1 preteried PPGRAE e o

Pr QRRgALIRN dial heddi ddesearsansi times sodesréation
tungsten/titani um | ayer becones thinner and narrower,
as teehnigmieadis idmeden Uy AT sk Uit ragtien of

consuned. As .aresult, s kL esy

i S & et RS T b ERETS e of

t heyrcHigAPNRAfe 185 €IS ahisprieadsnidice caml deepsed®yas a
vi sual i zation, a consistent change of de shifti ng

i NSEMPAAIEd oy eaiyes drfd' G clt'r g?%?gﬁa‘f??‘?reﬂgna S-
-frcq_x&,lég}_ ]]chgpéi : 'ﬂggﬂe i gabhernéhe state
of erosngérg) eve %%ﬁd%@act u%i?ﬁéof t he

S p e imeritaa g sracafopes ef$ cdefioey 3hitored (see
Figs 8(b)-(d)) . Method 2 . Cross-correl ati on Based

I ndex Extraction [0046] The pr@gress of erosion 4)
patterns on the sputterﬂm@f"}:ar (n HMlousl| y affecté
di spersi on properties of the §ufded waves, which

congragnt | y wieskd t8(h)n tderasehagcenof tnaneishapesveform
The degree of wave shapes variance increases a

morastaygsteri ey tiEee ubr el dplalfe | STebREERET. WaigEorm) and
2:g%gﬁ“ﬁ@%%gséﬁFba@Hg'{fgny?gﬁéo&&@ef@?mgef5§eghésb@nded

ure
sputtering target with erosion levels. Ry,(m) is the

cross-correlation sequence between x(n) and y(n) at the
moment of m with x(n) fixed and y(n) shifted left with
m steps. The normalized value of Ry(m)at zeroth time
shifting indicates the degree of similarity between
x(n) and y(n). It is expected to see the degree of
similarity decrease as the erosion depth approaches the
thickness of the sputtering target. In other words,
the waveforms in deep eroded conditions are less
similar to the reference waveform than the ones in
light eroded conditions.

[oo48] The overall twenty-nine sets of acquired
waveforms were organized into five groups as the
ascending order of actual life for the cross-
correlation analysis. The results of applying this
method to the five groups of waveforms is summarized in

Fig. 9. Without erosion, the normalized cross-



identify the erosion levels. Cross-correl ation

t echni que was chosen to acconplish the extraction of
wob@7s13Bs arity features identifying the stateBCDS2006/028073

erosion levels since this technique can be used as a

simlarity measure between t correl ated signals.

Cross-correl ati on techni que™ efipl oyed on the

experimental waveforns is defined as : [0047] where

X( Rbri-epresent att kerbransiiert skEviefioronisc glie ededwit of

the fresh plate (reference wavefor and n) .

r epsSeRPErERtEPENSite ﬁthmn% &fa‘{er%?(fﬁ%ﬁgfe%e”'
SPUkLell 08 LALge! Awdd) 00 Ip%lvceiesmsf%caﬁd;maﬁ,s tihe
cross-correlation sequence between x(n) and y(n) at

t hewomoe@itzedf vinlwiet lofx (@)osfs > raidiiQy) athidereth gfime

U} Bidkipe! HEoERanen B8 (e el F i Wb gg ™ Ot was
belgReRmihal andty(ght ldrdsi @xppehask timseehidieer

degree of simlarity decrease as the erosion depth
apposaeldgetheroisclandsze Igit e @&dﬁ%r@?{@?%‘?@e’%?’ {Hep

ot her d wavief or | &R &hPdesk gandh & ons

ar eﬁarloe“?’s:fsEls%r’]fﬁiola1 %'to the a{rvéeffe%e%e wavef ormthan the .
onesrrelbitgh emdded cditdums (0QA8] atesowes avith 30%-
twenty-nine sets of _acqui red wavef or J e or i zed

i N8 % i9Fe thFodieind ] ﬁglu%)ceaﬁfﬁ i Ot'der ' of %]gt%lg%] ]I%(lgf e

f Ol 18 o5 @S2EOr hAlAd QN BN HSIS 5 Tdedpsettdsiohs with
applying this nmethod to the five groups of vvavgfor

i s 190dmdBRioRed i ki gominalykirl, dritRideraged vaiues

norjral i zed crosscory.el ati ty th Ld e, shifking is
théﬁgr% smﬁotug%’fl?éaftoo-{forcffel%%nl%?&?he reference

waviefo@on i t saldf ,is demonstrated that the averaged
normalized Qalue of cross-correlation at zeroth time
shifting exhibited a clear monotonous decreasing trend
as more life of the sputtering target consumed. Thus,
a quantitative index is obtained for identifying the
erosion levels and actual life of the sputtering target
through the analysis of cross-correlation technique on
the experimental waveforms. It was noted that the
values of normalized cross-correlation may disorder the
decreasing trend within groups (see groups 1 and 3 in
Fig. 9), but they do change the major monotonous trend
throughout the sputtering process.

Method 3. Cross-Spectral Density Estimation

[00501 Spectral density estimation is commonly used
in the calculation of the power spectra density of
signals. The basic algorithm of cross-spectral density

(CSD) estimation implemented with MATLAB program is:



which is one. After erosion patterns appear, the
normal i zed val ue of cross-correlation at zeroth tine
W@ hio70139g3 decr eases as further erosion proceedBCT/UB200&628073
determ ned that |ight erosion groups have higher
normal i zed cross-correl ation ég_lr ues conpared to deep
er osi on groups. The averaged mal i zed
crosscorrel ati on values of group 2 (light erosions
Wi tdr 30% . 459 1of & heimiow nbhnttfe) specht bemdoy 580 eindow

t he noerosion case,- wheregas in gro 5.(deep erosions

ol PSSR SIRESR Tal A FF R R e e EE S o ana
values drop roughly to 7% of that in no erosion case.
[0049] It is denonstrated that the averaged nornmalized

valStepf2 crimes AT dizansforn oereathtdaea speetiag with
exhi.bited .a cl ear nonat.,onous decreasing trend as nore
lif eofmfme]%p?ftrérﬁ%lgmiarget consumed. Thus, a
quatddp ad | Vot dee iSeohb@bdiesnt 6f édentséythgnthg scaling
erosion levels and actual life of the sgutteriagthe

n

target RFR@iEh Ahehd5RPSIRFMRr c¥sSeor ef at T
tec({m.% W %‘ 5@%%%5%%(5&@{%@5{@@1—1“ was not ed

t ha alues of normalized cross-correlati on nmay
di sstreters t Hevaierye asiagoereodogiahe nofr vlapssypgeessive

groups and 3 in Fig. 9 but _t he 0 ge,t

naj %‘Fe%?ﬁﬁﬁ%ﬁeqt?%%bs ttlu’f?2 obghBub = héh%pﬁ t%%r%i %é)e%etral
Pr og8ss: t Vs hod shd rosscSpeetral Density Estimation
[005&5@ Sﬁectral density estimation is commonl useg i n
t helQ@FELI at i Bre FFre$e povkes L apaetr heaBRALHTS %FOVl es a

si gnal s. T pasi £al 49Lht hi Ofc ¢6ASSnSREALE 8L dgnehey

( estifatT on i npl enented w th MATLAB program

i s:tepidn . ldpply andi aciowat ubhifeonfspbei spudtbyiag target

MAnﬂgméime domain; thereafter the corresponding spectral
density estimation of the cross-correlation in
frequency domain is expected to show the similar
decreasing order as erosion levels increase. Similar
to the cross-correlation, section x represents the
transient waveform acquired for the fresh plate
(reference waveform); and section y represents the
transient waveforms for the bonded sputtering target
with various erosion levels. The cross-spectral
density (CSD) estimation was implemented on the five
groups of acquired waveforms. The CSD results are
shown in Fig. 10. Rectanéular areas of A, B and C are
corresponding to the excited frequency band by means of
the transducers on the bonded sputtering target.
Within area A (0.4MHz-0.6MHz), it is observed that the
CSD estimation of the five groups has no clear order at

all; in area B (0.8MHz-0.9MHz), the CSD estimation

depicts a good order except the small mix-up occurred



vector to each successive detrended data section x and

y - Step 2 . Take FFT transformon each data section
waowao/o1i9e3 nunber of n point . Step 3 . Form t hBCT/US2006/028073

peri odogram of each section by scaling the product of

the transforned y section andzghe conj ugate of the

transforned x section. Step 4“7 Average the

peri odogranms of the successive overl apping sections to

f obEtMeen diwie rossd peatural3 dettsi ayeafC x(amMyz-1 . 4MHZ) .

sections. [0051] Th 0SS- | ati i
o7 GBS e o YRR A O I Terd (TR GHE 1fPLe Lerast

MoRidQhnel tHe-SIpshan diy ot 26k Ushodéde. ofNdte that
sputtering target” in time domain; thereafter the )
cortthes (StHTliewt: Speriom| exuisity @se) ear i oFdeF ¢peresponding
crgss-correl ation jn frequency .dopgin i

_shg\ﬁ 1 SHRTIFD i fanl{lg r}gér/ er%%%%%%féﬁ%%%e éSQher

i Nneneasein Sidw | Bfedieidie earass; conrethét omordect hdah x
represents the transi ent waveform acquired for, the

f r ESIPOHISNY (3S®r EHEE v BfiF 1) 15 HoEe seeRFbhiye to the

;S%hteft%ﬂessé NPl fANRLEN: VST i LRing hEaRgBEEd One

ering target wth various ‘erosion Tevels. The
cr gesssifelod rextp st ign (8D)tlebs i plaehonenes is that the

i npl.enent ed on the five graups .0f.acquired.wavef :
Thé PESHIZ A FK Oy i"‘hﬁ)ﬁ%.l Oﬁglﬁec?%\%%uga?£%lal
ar g t0foA notB Nt & @ e- ¢ oiiespasti ngthoshbet excinpatdible
frequency band by nmeans of the transducers gn the

borvste g tler i wigl ¢lar betequiy R HeRt aF%ahkg}(‘Og?ﬁWEr-l@’ mode.

: GW)add:Mi6.r§, o&’éeéf’(?éji&lﬂainé%ases, long compatible
wavelength or low freguency modes will take place to
interact predominantly with deep erosions. As a
result, high frequency modes diminish the dominant
interactions with the erosions in the process of metal
sputtering, and record the complete process of erosion.
[0052] The results demonstrate that the acoustic
monitoring technique combined with signal processing
methodologies can be utilized for monitoring of non-
uniformly shaped erosion patterns on the sputtering
targets during the PVD process. Consequently, the
automatic life expectancy predictions of the sputtering
targets can be made in the manner of uninterrupted
state, which minimizes manufacturing downtime and
energy waste compared to the traditional manual
monitoring approach.
[0053] The three signal processing methods employed
on the acquired waveforms to extract the features
identifying the state of erosion levels and actual life

of the sputtering target. The time-frequency analysis



CSD estimation of the five groups has no clear order
at all; in area B (0 .8MHz-O .9vHz) , the CSD

we a7 N depi cts a good order except the snedT/US2006/028073
m X-up occurredbetween group 2 and group 3 ; in area C
(1 .2MHz-1 .4MHz) . The expec&gd decreasing order is
shown as nore target consuned“throughout the
deposition process. Note that the CSD estination

exifbirdes s igrRal Syaterrapraresposttiod 1o imeerposionclosely
| evel s in high frequency range rather than ip lo
fr@@@&?@ng@é@% Bt \M?rq’c%? R gHhe Bé%ﬁ}%h%% éﬂr%tae’ and
(1 MeEoer )e G {drY & f Ochdea] fhEKHESS
va%@gf#§%%%$kJﬁg§§%%%?gﬁﬁgﬁkﬁarget. One ﬁggsible ,

ex pedratiicars faff the phkbramirtéesindatardet shith ovprious

erosi on graqove, which is nore |i atrivial dent._o

o e dETELd nt e TG ST T Bomir e e oL
vwavaheRdtihe b scredu M efited@eiitghahs BPastacyan be
node. In addition, as erosion increases,_|ong

comfdieiai iV alay cenRedrt e of FHehlent9Cabies Wil charges
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i Ntereaet idimoéd hinhelesdsionshe nfihet paocevsl ofanet al
sputtering, and record the comle oce

| f .
or BTG O] HRE ST LS (L IBATT S SR RAY phgonetetent

aACQUSIL IPPHRON Nr-d £ETHY MISONSE Nedovidh Ségsdb. The
processi ng net hodol ogi es can be utilized for

o ritcsTs TP wfe hronien forehyl atrapteeredi 3h BEPYEFRE 8n
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fresh and the eroded sputtering target. In addition,
cross-spectral density estimation (Method 3) displays a
clear order indicating the decreasing cross-spectral
density along the exaggeration of the erosion patterns
within the frequency range of 1MHz-1.4MHz. The results
of time-frequency analysis and CSD estimation all
indicate a clear trend of the evolutions of the erosion
patterns and the actual life of the sputtering target
in the frequency range of 1MHz-1.4MHz, which is higher
than the excitation frequency of the embedded
transducers (500kHz); thereafter, a pair of broadband
transducers with the central frequency located within
the frequency range of 1MHz-1.4MHz can be possibly
tested on the bonded sputtering target in oxder to
obtain the results of a clear trend.

[0054] While the invention has been described in

detail with reference to specific embodiments thereof,



energy waste conpared to the traditional manua
nmoni toring approach. [0053] The three signa
w@e@cos®Bng nmet hods enpl oyed on the acquired WewEUSIN0&028073
to extract the features identifying the state of
erosion |l evels and act ual Iifﬁ of the sputtering
target. The tinme -frequency a ﬁlysisof reassi gned
spectrogram (Method 1 ) interprets closely spaced
nulitd kade Gecdpet Waesrdit the dsclkdlogl phatin @inel art that
allows for the determ natjon of the dispersion
r evVariions ehamigesh otk deHRIRT IS £3et P TS ari¥ls
er Qsj I | s. Si. o NErdh £1%e scope
| R e, e A R S RaR g o Fth g aoop
ef fogFcttheelappemiayedidimwi sual |y | ocalize the changes
of different sensitive nodes within certain ranges.
These changes involved in the first arrival wave
portions of these sensitive nodes display a consistent
trend in the increasing order of erosion |evels. The
cross-correlation technique (Method 2 ) provides a
guantitative index to detect the evolution of the
erosi on progress by extracting the nornalized
crosscorrelation value at zeroth tinme shifting between
the fresh and the eroded sputtering target. In
addi tion, cross-spectral density estimation (Method 3
) displays a clear order indicating the decreasing
cross-spectral density along the exaggeration of the
erosion patterns within the frequency range of | MHz-
1.4MHz. The results of tinme -frequency anal ysis and
CSD estimation all indicate a clear trend of the
evol utions of the erosion patterns and the actual life
of the sputtering target



in the frequency range of I Mz -1.4MH4z, which is
hi gher than the excitation frequency of the enbedded

wo c@nstiesers (500kHz) ; thereafter, a pair of PeDESa6CR8073
transducers with the central frequency | ocated within
the frequency range of | MHiz-1.,4MHz can be possibly
tested on the bonded sputtering target in order to
obtain the results of a clear trend. [0054] Wile the
I nvighd t obs habalreed described in detail with reference
to specific epbodjnents thereof it will .becone
appar ent®to o%emiﬁb?aegornr?ﬁg“BFFetWgPlggrﬁgﬁéSurface
chagges apdsiwdi b cat kpnsteanthegiadandanenediludhenthe
enpl oyed, wi thout departing fromthe scope of the
appenyetcel avaponhderPsiEiannByorsss1 COMPHEERE :f or

real -time nonitori ur f r si 0 er
target and coRtTBiiERg PrebEkFEreaf fargRcaasssTRY,
pr o£RSBudCAPP4 | SaBRingr pYadengnd apeptietemgthaogget having a
assenbl yi ncl udi ng a backing plate _and sput.ter target..
havPRELace uR¥aR VRt €8 hAi ERY §e§ﬁétF8rgﬁpg§l eﬁo§%ﬁ%afllm
thignfi! ot o passbstrate; transmtting and

propagating ultrasonic waves in mltiple nodes over
subst ant i al | ytréweswihttingsanflapgophgsaingspdti@sonic waves

{neri BRb S a0 87 HEnP LB CARA AL Er b e Te Jopth 12o°

of erosaoa aputiétetengetocations on said sputtering
target in real-tipe; and controlling,the ehysicg
vapor deposi t F®RchY bREsE2hy HépIFasrrdct W8 VESu i ng

tarﬁf&cé@@ﬂng the signal received to monitor and determine
the depth of erosion at different locations on said
sputtering target in real-time; and
controlling the physical vapor deposition
process by replacing the sputtering target upon
reaching a predetermined amount of erosion of said

sputter target.

2. The method for monitoring set forth in claim
1, wherein the depth of erosion on said sputtering
target is determined by a signal processing methodology
selected from the group consisting of time-domain
analysis, frequency domain and time-frequency signal

processing.

3. The method for monitoring set forth in claim
1, wherein a controller determines the depth of erosion
and sounds an alarm when a predetermined amount of

erosion has been reached during operatiomn.



reaching a predeterm ned anmount of erosion of said
sputter target . 2 . The nethod for nonitoring set

wo ororio1ioss cl aim 1l , wherein the depth of erosiPeT/v82006/028073
said sputtering target is determ ned by a signa
processi ng net hodol ogy sel ect fromthe group
consi sting of time-domain anal¥ysi’s, frequency domain
and time -frequency signal processing. 3 . The nethod
for noni4oringhsetethofihfon mbaitotingwhetefnrah in claim
control | er determ nes the depth of eroiion aEd sounds

S

an bt aYRETRER A PrederéFRfRedCambEnttaf1aPGsonSRES TRt

beep, 4 epched,duLh89, PPLEELHOB flavedhe method for
nonitoring set forth in claiml1l , wherein a

pul ser/receiver is utilized to generate and receive

the ultrasonig, waves. . .5.. The nethod for Ltari.ng ;
set fort%'in ﬁbﬁiW?%h?dmﬁgFeWﬁngggrﬁﬁﬁeSFFggggbgeﬁ%i§lalm
enpi OyRHet&idual siBgeet Brhnaasaket apdefmnpteiwd thedual mode
signal. 6 . The method for nonitoring set forth in

cl aFen Branghek epRdsHeESeiVEanEHBCcELIRELa pi ezoel ectric
elenment. 7 . The method for nonitoring set forth in
claiml , wherein at |east two transducers are

enpl oyeds . wheTkeomethodnfducepnt tangngt seanforth in claim

t th | ' d th h .
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met hod for nonitoring set forth in claim7 , wherein
sai d transducers are piezoelectric elenments. 9 . An ,
appar at u%- f or Thearethag #BHi NOPLRETiner get £pgikh in claim

erogi o, Of c &, SPHt { 8L s AL QB! +1An8aRR%SLCakeVaRPAoyed, where
one transducer transmits and propagates the ultrasonic
waves and the other transducer receives the ultrasonic

wavesg.

8. The method for monitoring set forth in claim

7, wherein said transducers are piezoelectric elements.

9. An apparatus for real-time monitoring surface
area erosion of a sputter target in a physical vapor
depogition process, comprising:

a sputtering target assembly including a
backing plate and a sputter target having a surface
area which is sputtered to deposit a thin film onto a
substrate;

at least one transducer disposed through the
back of the backing plate to transmit, propagate and
receive ultrasonic wavesg over substantially the entire

surface of said sputter target;



deposition process, conprising: a sputtering target
assenbly including a backing plate and a sputter

W a00ge139Bavi ng a surface area which i s sputt erkdI/Us2006/028073
deposit a thin filmonto a substrate; at |east one
transducer disposed through t back of the backing
plate to transmit, propagate &nd receive ultrasonic
waves over substantially the entire surface of said
sputter target ;pulidsbrécecesyetot proviide dendndeceive a
receive a voltage fromfhe at | east one transducer; an
osH PR fFHPm 3’66? Pt heeaFt r%’%%n\cjéa’i)\%%’éc%ﬂ;nal
transmtted apgd SECLi Vodor apd PeBb0Qr @it | QUL £ad6MiECWave
to nmonitor and determ ne the depth of erosion at
di féiegrent tomnionsedrenfereceived; oindhe sputtering

di faront v ri=@madersartte in
process. |10, it gl ot 041§ FOHERE (ol RRRLLOEP R, 7T

cl ader Srminvdedrad Nidien abf | @astioneat rabsteecenti toaations
dual node piezoelectric elenent. 11. The apgaratui for
nore® dit Fusiagereh e cPRIRTOring uFRRSFE cofpFPEFAgiMe

tmdﬁ%%d%?&tbﬁseld%éf%%oﬁtd%ééfﬁ?&& bpsatkans on the

perip acking plate wherein a first
transducer pitches an ultrasonic wave signal and a
second trans receives %h

' | .. 12 T .
appar at U f or CGH?QQ9¥%5u§e O?o@%ﬁgéorlPéiﬁ$ 1?8rth a

IncC

whes Bl fin the WieZoeh eché i &t el eaent snar erdhspased aboat dual

67.5 degrees apart on the periphery of
mode piezoelectric element.

11. The apparatus for monitoring set forth in
claim 9, further comprising:
two transducers disposed at different
locations on the periphery of the backing plate wherein
a first transducer pitches an ultrasonic wave signal

and a second transducer receives the signal.

12. The apparatus for monitoring set forth in
claim 11, wherein the piezoelectric elements are
disposed about 67.5 degrees apart on the periphery of

the backing plate.

13. The apparatus for monitoring set forth in
claim 9, wherein the depth of erosion on said
sputtering target is determined by a signal processing
methodology selected from the group consisting of time-
domain analysis, frequency domain and time-frequency

signal processing.



t he backing plate. 13 . The apparatus for nonitoring
set forth inclaim9 , wherein the depth of erosion on
wG@ai0d/osei tering target is determ ned by a si gpPel/US2006/028073

processi ng net hodol ogy sel ected fromthe group

consi sting of timedomain analy%is, frequency domain
and tinme -frequency signal ﬁ?&%eééing.14 . The
apparatus for nonitoring set forth in claim 11,

wher ei n each The sgpshiapusr Aosdmosl sorsndi sposédrah an
angle within said packin | ate to _enhance signal .

t r apbTHBst bn WA E HYLRRC o$§esﬁégerolgFa?ﬁéuaﬁﬁﬁréFus
for LEOg t L ehabhy d4pavkengi prbbe to
ol e 1 L g PR oREsS, DA

si geahaste enfyhal 16raTéeiappanasnd reduapnnedrengeyet -
forth in claim9 , wherein the program| ogic device
deternmi nes the depth of erosion and sounds an al arm
when a pisdetergi Agshaapust fet pbastoprihgssbeefiorth in

reached during operation.
claim 14, 3he£;in the noise level is reduced from about

3% to 50% of the signal strength.

16. The apparatus for monitoring set forth in
claim 9, wherein the program logic device determines
the depth of erosion and sounds an alarm when a

predetermined amount of erosion has been reached during

operation.



