
REAL-TIME MONITORING AND CONTROLLING SPUTTER TARGET
EROSION BACKGROUND OF THE INVENTION 1 . Field of the
Invention [0001] The present invention relates to a
method and apparatus for real-time monitoring and
controlling surface area erosion of a sputter target
assemblyutilized in a physical vapor deposition
process. In particular, the invention pertains to a
method of accurately monitoring, measuring the
thickness variation on the surface of a sputter target
for the purpose o f 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
rateand uniformity to the deposited films. The
material removed from the target and deposited onto
the substrate, creates erosion patterns onto the
target due to the uneven distribution of the plasma
thereon. The patterns are non-uniform and may lead to
unacceptable film formation, less than optimum use of
the target, and ultimately catastrophic failing of the
target known in the art as "punch- through" of the
target. As shown in Fig. 1 (a) and (b) , a typical
200mm sputter target close to its end-of-life phase
exhibits visible non uniform erosion patters. [0003] A
number of methods have been proposed over time to
monitor the erosion of targets and control the 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 . [0004]
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 process. 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 materialremains unemployed. Another
disadvantage is that the resonant frequency of the
delay line is temperature dependent. As a result, the
surface temperature of the target is a sensitive
indicator of the erosion, which in turn is dependent
on the large temperature coefficient and resonant
frequency. A further disadvantage with the related art
systems is that the wave amplitude substantially
attenuates and renders the erosion measurement
difficult. In addition, the temperature and pressure
fields on the surface of the target deleteriously
affects the speed of the surface acoustic waves, which
in turn reduces the accuracy in predicting travel
distances and the state of erosion. [0005] Hori
(Japanese Patent Document No. 63 [1998] - 290,270 A )
discloses a method of measuring the target 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 directionof the target. Thus, numerous
transmitters are necessary to measure discreet points
on the target. Another disadvantage is that the
operator would have to predetermine the location- of
the erosion and nonerosion zones via trial and error.
[0006] To meet the requirements for in-situ monitoring
of PVD targets, it is an object of the present
invention to provide a novel method and apparatus for
real-time monitoring the surface of the target .
[0007] It is another object of this invention to
provide an embedded acoustic device for monitoring the
target's erosion during the entire film deposition
cycle . [0008] 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 no -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
vapordeposition process is provided. The method
includes providing 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; transmitting and propagating
ultrasonic waves in multiple modes over substantially
the entire surface of the sputter target ; receiving
the ultrasonic waves and processing the signal
received to monitor and determine the depth of erosion
at different locations on the 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 the
sputter target . [0012] According 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 and determine the depth of erosion at
different locations on the surface of the sputtering
target in real-time during a physical vapor deposition
process.BRIEF DESCRIPTION OF THE DRAWINGS [0013] The
objects and advantages of the invention will become
apparent from the following detailed description of
the preferred embodiments thereof in connection with
the accompanying drawings, in which like numbers
denote the same features: [0014] Fig. 1 (a)
illustrates a 200mm conventional sputter target after
the PVD process (i.e., close to the end-of-life phase)
with a visible erosion pattern on the surface thereof;
Fig. 1 (b) illustrates a graphical representation of
the target shown in Fig. 1 (a) ; [0015] Fig. 2 depicts
a 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)
freshplate, (c) lightly eroded plate (33.33% of the
nominal life); and (d) deeply eroded plate (130.48% of
the nominal life) with analytical curves superimposed;
[0022] Fig. 9 is a graphical representation of
normalized cross-correlation values vs. the
consumption throughout the PVD process,- and [0023]
Fig. 10 illustrates the cross -spectral density
estimation of the acquired waveforms. DETAILED
DESCRIPTION OF THE INVENTION [0024] The invention is
based, in part, on the real time monitoring surface
erosion of a sputter target utilized in the PVD
process. It will be recognized by 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] A s
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. A s shown therein, a pattern of erosion
occurs during the PVD process, wherein a plasma is
applied to the surface of sputter target 24. In 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 same in order to monitor the erosion
stateof sputter target 24 without interrupting the PVD
process. This is a "pulse and echo" arrangement, where
the ultrasonic waves are promulgated by acoustic
device 26 and received by a similar device at another
point (not shown) . This device is in turn
electrically connected to a pulser-receiver, an
oscilloscope (or a digitizing circuit) and to a
computer such as a programmable logic controller (not
shown) which analyzes and interprets the data received
and determines the depth of erosion at various locales
on the surface of sputter target 24. Hence, the
operator has the ability to monitor the remaining life
of the 



sputter target 26. [0026] In accordance with another
embodiment of the present 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 thewaves propagated are received by one of the
acoustic devices 32 which converts same to a transient
voltage waveform. The voltage waveform is transmitted
to the pulser/receiver 40, which in turn transmits the
voltage to an oscilloscope (or a digitizing circuit)
42 utilized to display the waveform of the electronic
signal. The oscilloscope (or a digitizing circuit)
utilized can be a TDS3052 50OkMHz instrument made by
Tektronix. The distribution of acoustic natural 



frequencies is sent to a program logic device or
computer which is employed to determine the depth of
erosion at different locations on the target in real
time. [0027] In a further embodiment, and as shown in
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
signalprocessing techniques are applied to the
waveforms to determine the erosion state of the
particular target. The signal processing methodologies
employed in the analysis includes (i) time -frequency
analysis based dispersion curves development of
multimode guide wave (also referred to as reassigned
spectrogram) ; (ii) 



cross-correlation based index extraction (also
referred to as the time-domain analysis) ; and (iii)
crossspectral density estimation (also referred to as
the frequency- domain signal processing) . This
acoustic monitoring system is incorporated into the
PVD process for real-time monitoring of the
end-of-life detection of a sputtering target assembly
without the interruption of the PVD cycle. [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 sputtering target in
different erosion levels are made, and the
crosscorrelation 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.EXAMPLE [0032] The
instruments were set up as shown in Fig. 4 . The
pulser/receiver 34 generated and delivered 100 



volts square pulse to the transmitting acoustic device
32, at a central frequency of 50OkHz, and provided a
synchronizing pulse to trigger the digital
oscilloscope 42 . The propagating acoustic field
excited by the transmitting acoustic device 32
interacted with the surface variation of the bonded
sputtering target resulting in the guided waves with
certain dispersion properties. The guided waves
propagating along the bonded sputtering target were
acquired by the receiving acoustic device 32. The
acquired signal was saved as a digital waveform by the
oscilloscope and transmitted to computer 44 for signal
processing. [0033] 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
erosionzones to the center of the sputtering target
was 63.50mm and 114.30mm, respectively. The central
erosion zone was the shallowest erosion area compared
to the inner and outer erosion zones throughout the
sputtering process. The sputter target eroded most
rapidly at the outer erosion zone due to the strongest
magnetron effects. When the depth of the outer erosion
approaches the sputter target thickness save a certain
margin for safety purposes, the sputter target is
replaced with a fresh one. Thus, the increment in the
depth of the outer erosion groove is of importance in
predicting the end of life of the sputtering target.
[0035] The nominal life of a sputtering target defined
by manufacturing is not the actual life 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-hrs 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
insitu testing. The three typical cases of waveforms
forthe bonded sputtering target specified as fresh
plate, light eroded plate (33.33% of the nominal life)
and deep eroded plate (130.48% of the nominal life)
were tabulated are shown in the Table below. Table
[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 (13 0.48% 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 24ms
from the transmitting port to thereceiving port .
However, the amplitude levels in the case of backing
plate are much higher than those in fresh and eroded
bonded sputtering targets within the same wave
portion. While not wanting to be bound by any
particular theory, it is believed that this phenomenon
is due to the leakage of strain energy into the bonded
layers in this target assembly as compared to the
propagation in the backing plate only. Further signal
processing was required to extract the features
identifying the state of erosion levels out of the
transient waveforms. 



[0038] The three signal processing methods include the
aforementioned (i) time -frequency analysis based
dispersion curves 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 velocityfrequency 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. timefrequency analysis, etc.)
were utilized to determine the dispersion relations of
a structure. [0040] Ultrasonic waves are non-
stationary signals of frequency and amplitude varying
with time. These signals can be represented by a
three-dimensional surface of energy distribution as a
function of time and frequency in time -frequency
domain. The projection of the surface into time
-frequency domain is called time -frequency
representations (TFRs) of a signal. A 



specific TFR, reassigned spectrogram, was employed on
the acquired waveforms . The reassigned spectrogram
technique based on the Modified Moving Window Method
(MMWM) was viewed as a refinement of Short -Time
Fourier Transform (STFT) which is defined as: ]x{t)h
{t-t)e-J2 fdt (D [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 (t,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 resolutionsL L provided. The
reassigned new coordinates t and / for a spectrogram
were defined as : (2) (3) where S !t (x,t,f) is the
STFT definition of signal x using 



window function h(t); S th(x,t,f) and S D h {x,t,f)
are the STFTs with t-h(t) and - -as their window
functions; d t 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 (ant i -symmetric
mode) lines. A software package (AGUVallen 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 visual mode
interpolation between the analytical and experimental
dispersion curves of the backing platewithin certain
areas. Prior to 40ms , it is shown that the
experimental procedure provides a good match at the
first arrival sections (25ms - 40ms time interval) of
the symmetric modes S3, S4 in high frequency range of
IMHz-I .4MHz and the symmetric modes Si, S2 in middle
frequency range of 0 .4MHz-O .8MHz . [0043] Within the
same time range, symmetric mode S0 in the low
frequency range of OMHz-O. 2MHz has less 



curve matching compared to the other symmetric modes
due to low energy density at this mode. Beyond 45ms ,
it is difficult to identify the individual modes since
the symmetric modes and anti- symmetric modes are
closely spaced and overlap. Additionally, the
reflections from the boundaries of the 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 40ms , 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-I .8MHz and in the low
frequency range of 0.2MHz- 0.4MHz are missing. In
addition, modes at 0.6MHz and in the frequency 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 tothe
changes of material properties during the guided waves
propagation, would rather travel through the
tungsten/titanium layer than the copper layer.
Therefore, these sensitive modes move forward or
arrive early at particular frequency ranges. 



[0045] Fig. 8 (c) depicts the reassigned spectrogram
of the light eroded plate with 33% nominal life
consumed. It was observed that the front edges of
these sensitive modes are shifted backward compared to
those with no erosion. For example, prior to 40ms ,
the forwarded modes in the frequency range of 0 .8MHz
- 1.4MHz are translated backward by a few
microseconds. When erosion deepens to 130% of the
nominal life, most of the forwarded modes disappeared
as shown 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. A s 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
consequently results in the variance of wave shapes.
The degree of wave shapes variance increases as
moretungsten/titanium material is consumed. The
similarity of the acquired waveforms can be used as a
signature to 



identify the erosion levels. Cross-correlation
technique was chosen to accomplish the extraction of
the similarity features identifying the states of
erosion levels since this technique can be used as a
similarity measure between two correlated signals.
Cross-correlation technique employed on the
experimental waveforms is defined as : [0047] where
x(n) represents the transient waveform acquired for
the fresh plate (reference waveform) and y(n)
represents the transient waveforms for the bonded
sputtering target with erosion levels. Rcy(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 ? (m )a t 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. [0048] The overall
twenty-nine sets of acquired waveforms were organized
into five groups as the ascending order of actual life
for the crosscorrelation analysis. The results of
applying this method to the five groups of waveforms
is summarized in Fig. 9 . Without erosion, the
normalized crosscorrelation at zeroth time shifting is
the result of auto-correlation of the reference
waveform itself, 



which is one. After erosion patterns appear, the
normalized value of cross-correlation at zeroth time
shifting decreases as further erosion proceeds. It was
determined that light erosion groups have higher
normalized cross-correlation values compared to deep
erosion groups. The averaged normalized
crosscorrelation values of group 2 (light erosions
with 30%- 45% of the nominal life) are around 75% of
the noerosion case,- whereas in group 5 (deep erosions
with 120%-130% of the nominal life) , the averaged
values drop roughly to 7% of that in no erosion case.
[0049] It is demonstrated that the averaged normalized
value 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
[0050] 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:Step 1 . Apply a window function specified by a
window 



vector to each successive detrended data section x and
y - Step 2 . Take FFT transform on each data section
with the number of n point . Step 3 . Form the
periodogram of each section by scaling the product of
the transformed y section and the conjugate of the
transformed x section. Step 4 . Average the
periodograms of the successive overlapping sections to
form Pxy , the cross-spectral density of x and y
sections. [0051] The cross-correlation technique
provides a good quantitative identification in
monitoring the erosion levels and actual life of the
sputtering target in time 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. Rectangular
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-O
.6MHz) , it is observed that the 



CSD estimation of the five groups has no clear order
at all; in area B (0 .8MHz-O .9MHz) , the CSD
estimation depicts a good order except the small
mix-up occurredbetween group 2 and group 3 ; in area C
(1 .2MHz-I .4MHz) . The expected decreasing order is
shown as more target consumed throughout the
deposition process. Note that the CSD estimation
exhibits a clear order corresponding to the erosion
levels in high frequency range rather than in low
frequency range; in other words, high frequency area
(IMHz-I .4MHz) is more sensitive to the thickness
variation of the sputtering target. One possible
explanation for this phenomenon is that the shallow
erosion groove, which is more like a trivial dent or
notch, tends to interact with short compatible
wavelength, which is equivalent to high frequency
mode. In addition, as erosion increases, long
compatible wavelength or low frequency modes will take
place to interact predominantly with deep erosions. A
s 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 nonuniformly 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 analysisof reassigned
spectrogram (Method 1 ) interprets closely spaced
multimode guided waves in the backing plate, and
allows for the determination of the dispersion
relations of the bonded sputtering target with various
erosion levels. A s erosion patterns deepen, it is
illustrated that the time -frequency analysis can be
effectively employed to visually localize the changes
of different sensitive modes within certain ranges.
These changes involved in the first arrival wave
portions of these sensitive modes display a consistent
trend in the increasing order of erosion levels. The
cross-correlation technique (Method 2 ) provides a
quantitative index to detect the evolution of the
erosion progress by extracting the normalized
crosscorrelation value at zeroth time shifting between
the 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 IMHz-
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 IMHz -1.4MHz, which is
higher than the excitation frequency of the embedded
transducers (50OkHz) ; thereafter, a pair of broadband
transducers with the central frequency located within
the frequency range of IMHz-I. 4MHz can be possibly
tested on the bonded sputtering target in order to
obtain the results of a clear trend. [0054] While the
invention has been described in detail with reference
to specific embodiments thereof,it will become
apparent to one skilled in the art that various
changes and modifications can be made, and equivalents
employed, without departing from the scope of the
appended claims.What is claimed is: 1 . A method for
real-time monitoring surface area erosion of a sputter
target and controlling the physical vapor deposition
process, comprising: providing a sputtering target
assemblyincluding a backing plate and a sputter target
having a surface area which is sputtered to deposit a
thin film onto a substrate; transmitting and
propagating ultrasonic waves in multiple modes over
substantially the entire surface of said sputter
target; receiving said ultrasonic waves and processing
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 operation.4 . The method for
monitoring set forth in claim 1 , wherein a
pulser/receiver is utilized to generate and receive
the ultrasonic waves . 5 . The method for monitoring
set forth in claim 1 , wherein a single transducer is
employed in dual mode to transmit and receive the
signal. 6 . The method for monitoring set forth in
claim 5 , wherein said transducer is a piezoelectric
element. 7 . The method for monitoring set forth in
claim 1 , wherein at least two transducers are
employed, where one transducer transmits and
propagates the ultrasonic waves and the other
transducer receives the ultrasonic waves . 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 



deposition 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
waves over substantially the entire surface of said
sputter target;a pulser/receiver to provide and
receive a voltage from the at least one transducer; an
oscillator to record the ultrasonic wave signal
transmitted and received; and a program logic device
to monitor and determine the depth of erosion at
different locations on the surface of the sputtering
target in real-time during a physical vapor deposition
process. 10. The apparatus for monitoring set forth in
claim 9 , wherein the at least one transducer is a
dual 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 timedomain analysis, frequency domain
and time -frequency signal processing.14 . The
apparatus for monitoring set forth in claim 11,
wherein each of said two transducers is disposed at an
angle within said backing plate to enhance signal
transmission and reduce noise level. 15. The apparatus
for monitoring set forth in claim 14, wherein 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. 


