
;e3eN$^6TNqWO 01/8l>>28l PCT/SGO1/00070 i~m~~uM~nio~ninnioon~~n testing,
imaging, ana~.ysis and processing, and more 5 particularly relates to an
acoustic microscope. Such microscopes are widely used in nondestzuctive
testing, observation and analysis in the material, electronics) mechanics
and medical fields. 10 GB 231.1B58 relates to an ultrasonic imaging system.
Ultrasonic waves are generated by laser beams. Reflected waves are detected
and converted into digital. signals. The digital signals are processed
using a synthetic aperture focussing technique in order to obtain focussed
15 images. Ultrasonic testing has been known for several decades. The
testing devices most widely used are industrial A scan flaw detector,
medical B scan 20 ultrasonic scanner, C scan ultrasonic imagery machine and
other advanced products, such as acoustic microscopes. A, B and C scan
modes are the three basic modes of ultrasonic imaging classified under. the
pulse echo 25 techniques. When an ultrasonic wave in pulse form impinges on
a discontinuity it will be reflected and the reflected pulse can be
recorded. This reflected pulse carries information an the discontinuity.
This is auite similar to the formation of echo and hence the name pulse 3Q
echo.   VVO 0I/86281 PCT/SGO1/00070 2 The A scan is the simplest form of
ultrasonic imaging. It just records the reflected pulse or signal and is
one dimensional and no images are formed. J 5The B scan or brightness mode
scanning, provides atwo dimensional, cross sectional reflection image of
theobject that is scanned.' It gives the side view of theobject. A B scan
image is formed by sweeping a narrowacoustic beam through a plane and
positioning the10received echoes on a display such that there is
acorrespondence between the display scan line and thedirection of acoustic
propagation in the material.Generally the same trar_sducer is used to both
send andreceive the acoustic signals. A fundamental feature of a15B scan
image is that one of the dimensions is inferredfrom arrival time of each of
a short acoustic pulse asthey reflect from structures along a (presumed)
straight-line path. Signals received from structures close to thetransducer
arrive earlier than signals received from20structures far from the
transducer. The other(transverse) dimension is obtained by moving
thetransducer' (either physically by mechanical means orapparently by
electronic means) so that a differentstraight line path through the object
is interrogated by25another short acoustic pulse. This process is
continueduntil the entire object region of interest is scanned. rSome means
of tracking the propagation path through theobject is required in order to
unambiguously define the,image. 30 



The C scan provides a two-dimensional orthographic image of an object. It
gives the top view of the object. Unlike, the B scan, where one dimension
of the image is   WO 01/8G281 3 PCT/SGO1/00070 inferred from the arrival
time of an acoustic pulse, time plays no primary role in either of the two
image dimensions of a C-scan. In a reflection C-scan, the time of arrival
plays a secondary role in that it determines 5 the distance of the image
plane from the transducer; in a transmission C-scan, time plays no role
whatsoever. A Cscan image resembles images obtained with x-ray fluoroscopy;
hence, the images tend to look more familiar than a corresponding H-scan
and are often mere readily 10 interpretable. Because acoustic microscopes
usually emp toy highfrequency acoustic waves, accurately-focusing lenses
and high-precision mechanical scanning systems, the images 1S taken have
high accuracy. Using a computer, digital information obtained from tests
using an acoustic microscope are digitized to save and display. In this
manner, it is easy to observe the result. Also, an acoustic microscope can
perform different functions, such 20 as testing, observation anal analysis
using image processing and other szgnal processing techniques. The
conventional acoustic microscope contains four pzincipal parts: pulse
generation and signal detecting 25 circuit 1, lens 3, mechanical scanning
system 5, and also control and display 7 (Fig. 1). The pulse generation and
signal detecting circuit 1 includes main pulse generator 9, pulse divider
11, high-frequency oscillator 13, amplifier 15, PIN modulator 17,
circulator 19, matching 30 network 21, amplifier and signal detector 23,
pulse amplifier 25, sample and hold circuit 27, sample and hold pulse
source 29, video frequency amplifier 32, filter 33 and pulse oscilloscope
35. The mechanical scanning system   WO 01/86281 PCT/SGO1/00070 4 5
comprises three-dimensionally adjustable workstation 37, XYZ aces moving
and scanning workstatior_ 39, step motcr ar_d position sensors Q1. The
control and display 7 comprises computer ''3, keyboard ~5, mouse (nct
sho~.ar_) , 



5 A/D interf ace board 47, parallel ir_teriace board ~9 and monitor 51. The
sample 53 is mounted on the threedimensionally adjustable workstation 37
and is coupled to the lens 3 by a suitable coupling liquid 55, such as
water. 10 Continuous microwave signals are generated by a microwave source
(components 9 to 15) and pass through modulator where they are converted to
modulated pulss signals. These signals go through circulator 19, matching
15 network 21 and are converted to modulated acoustic pulses when they pass
to the lens 3, and are focused by the lens 3 into the sampls 53 and
reflected from the inhomogeneous parts of the sample. Acoustic signals are
reflected back to lens 3, through a transducer and converted to 20
modulated electrical pulses. These pulses go through circulator 19, high
frequency amplifier, then through detecting, amplifying, sampling and.
holding (components '23 to 33) to A/D converter a7, and are saved in the
memory of computer 39 and displayed by the monitor 51. Conventional
acoustic microscopes have some important deficiencies: 1. The pulse time
for gathering data is fixed, so only 3~ one section image is obtained for
each scan (i.e. the plane perpendicular to the direction of travel of the
acoustic waves). Each time one C scan image   WO 01/8G281 5 PCT/SG01/00070
is obtained only. It is not possible to obtain Cscan image of several
cross-sections simultaneously.2. It is not aOSSlble to obtain the structure
of theplane containing the acoustic wave, i.e. the H scanand of course not
possible to have A scaninformaticn. ~ience it is ver_r difficult to obtain
a .three-dimensional.image.In 299a, the applicant designed a
mufti-purpose?0imaging system that can obtain A, B and C~scan images atthe
same time (F ig. 2) .~ The inspection principle issimilar to that described
in relation to Figure 1, ar_dlike elements are designated with the same
referencer_umerals. The only sigr_ificant difference is that, whenabove the
specimen (X1, Yl) position, the lens sends aseries of acoustic pulses to
the specimen, and at thesame time sends a series of data gathering pulses,
thedelay times of each of data gathering pulses relative to;rain pulses
varying from small to large. Provided that20each delay time between each
data gathering pulse andmain pulse is small enough, the series of data
gatheringpulses can be detected from the amplitude of reflectedsignals for
a given point at different depths. Hycollecting all the reflected acoustic
signals, an A scan2~image for this point (X1, Y1) is obtained. If
thecollected signals are used to modulate the brilliance ofvarious points
on this line, a B scan image is obtained.after the scan of XY surface of
the sample is completed,a11 necessary information is obtained for internal
three-3Jdimensional structure, and hence a complete three-dimensional image
is formed. This test system is anobvious improvement compared with the
system shown inFigure 1, because it can obtain A, B and C scan images,  



WO O1/86281 6 PCT/SG01 /0U070 and internal three-dimensional structure for
the specimen. The main disadvantage is that the speed is too low. It takes
more than one hour to get a series of three-dimensional data. In order to
improve the scanning accuracy oz the scar_ning acoustic microscope (5~~),
Professor Kino of Stanford University, devised the system described in US
patent number 4503708 (Reflection Acoustic Microscope for 10 Precision
Differential Phase 2mage) - see Figure 3. The working process of the systm
of the US patent is similar to the applicant's proposal described above.
The difference is that, in the US patent, not the amplitude but the phase
of the reflected acoustic signals is ?5 measured. Here special hardware
(lock-in amplifier and phase detector) are used to test the phase of
reflected acoustic signals. The advantage of this system is high accuracy.
It can examine the changing of depth for the membrane. The accuracy can
reach about 10 angstrom. But 20 this system is much more complex than the
system in Figure 1. It is expensive and difficult to operate. Another prior
system is disclosed in US 4577504 (Hitachi) . 2~ An object of the present
invention is to mitigate the deficiencies of the four prior systems
mentioned above. The system of the present invention may quickly obtain A,
B, C scan images and display a three 30 dimensional image. The system may
perform phase testing and imaging. Also the noise can be reduced. The
system may obtain the internal character of the sample and differentiate
with the model. The hardware may be very   WO 01/86281 7 PCT/SG01 /00070
szmple, only including the basic elements of the previous SAM for the
collection cf the original data n.d processing with software. 5 The present
invenoion i= defined in clai;~s 1, 17, 12, 13 and 15. For a better
understanding of the present invention, an embodiment will now be
described, by way of e:~ample, 



10 with reference to the accompanying drawings, in which: Fig. 1 is a block
diagram of the main structure of a conventional SAM; 15 Fig. 2 is a block
diagram of a prior SP.M of the present applicant; Fig. 3 is a block diagram
of the prior S?fit of US a5o3~os; 20 Fig, a is a block diagram of the
present invention; Fig. 5 is a circuit diagram of the pulse
generator/receiver; 25 lens; 30 Fig. 6 is a block diagram of the A/D
converter; Fig. 7 is a cross-sectional view through an acoustic Fig. 8
shows the processing of the reflected waveform;   WO 01/86281
PCT/SGO1/00070 8 Fig. 9 is a schematic showing the theory of curve fitting;
Fi g . 10 iS G SChefTlatl.C Showing the t~leOr~i Of phcSe 5 testing; Fig.
11 shows an :~ scan caaveform; Fig. 12 shows A, B, C scan images; l0 Figs.
13, 1~, 15 and 16 show example C scan images; Fig. 17 shows the elimination
or a fixed pulse Trom an A scGn wave=crm; Fig. 18 is a flow chart showing
the removal of useless fixed pulses; 



Fig. 19 shows the reduction in pulse width of an A 20 scan waveform; Fig.
20 shows the elimination of the multireflections from A and~C scan
waveforms; 25 Fig. 21 illustrates the cubic voxel in the Marching Cube
Algorithm; Fig. 22 shows an image of the internal structure of a flipchip;
30 Fig. 23 shows an image of the bottom surface of a ceramic plate;   WO
01/8l281 9 PCT/SGO1/00070 Fig. 2=~ shows an image of the interior
delamination of the strucLUre shown in Fig. 12(c); t Fig. 25 shows images
of Lhe interior structure of an 5 aluminium sampls; and Fig. 2o shows
the~software frame of tre inver_tion. The principal components of the
acoustic microscope 10 are shown schematically in Fig. a. A pulse generator
100 produces high speed and high voltage pulses. The output of the pulse
generator 100, which will be a series of 400 V, 10 r_s duration pulses, is
applied to T connector 102. Electrical ~cu?ses are sent from the T
connector i02 to an 15 acoustic lens `!04, under which a sample 10o is
located. A transducer 105 is mour_ted on the lens 10a. For frequencies
h?gher than l0 M3z, the transducer is ground from 3o'Y cut LiNb03 single
crystal. For frequencies lower than ZO MHz, the transducer is made from PZT
20 piezoelectric ceramics. A liquid (not shown) couples the lens 104 to the
sample 7.06. The coupling liquid is typically distilled water. The sample
106 is mounted on a scanner 108, which.is moved~by stepmotor driver 110.
The sample can be moved along three perpendicular (XYZ) axes. 



25 The SAM uses a multidimension adjustment structure. . rt has two sets of
angle adjusters, separately mounted on the transducer support, and the
sample stage. At the ' transducer support, there is a focus adjuster. The
30 horizontal scanning of sample by the ultrasonic wave bundle is achieved
by a mechanical method. The grating style scanning of the sample is
achieved by using a PC to control the step motor to drive the high
precision moving   VVO 01/86281 PCT/SGO1/00070 10 stage. Due to the :crowd
frequency =ange of the system there is G big difference in the sensitivity
requirement. `~. low frequencies, the step motor 110 moves v in steps of
three beats. Sut at hig:~ frequencies, the 5 step motor 110 moves in more
minuts intermediate steps. The pulse e:ccites~the lens 10a and generates an
acoustic wave with a freauer_cy of 25-200 M~3z that is incident on the
sample 106. Due to inhomogenities in the ~0 sample 106, acoustic waves are
reflected back to the lens 106. The reflected waves are converted into
electrical 'signals and pass from the T connecLOr 102 to pulse limiter 112,
thence to high-=requency, high-gain amplifier 11s. The electrical signals
gene=ated by the =5 lens will comprise a series of high-frequency modulated
pulses. 



Components 100, 102, 112, 11a, 118 and l20 comprise a pulse
generator/receiver. The pulse generator/re~ceiver 20 may be in the form of
a PC card. The pulse generator/receiver has a simple structure with a
direct current high voltage electrical source and a high quality Marx type
avalanche electronic circuit. 2S The output of the amplifier 11a of the
pulse generator/receiver passes to A/D converter 116 via peak detector Z18
and pulse amplifier 120. The A/D converter is in the form of a PC card, and
is a high speed device with a sampling rate of over 1 GSPS and a
differentiation 30 rate of 8 bits. It can digitize un-modulated signals
with frequencies above 100 MHz. The digitized output passes to computer
122, such as a PC with PII 300 MHz processor.   WO 01/86281 11
PCT/SGO1/00070 The ultrahigh speed A/D digitises the reflected wave signal
and allows the software to carry out signal Drocessing and display
functions. It satisfies the Y requirement of realtime acquisition. The
principles of the ultrahigh speed A/D card are given in block diagram as
follows in gig. S. The integrated circuit chosen fen she A/D card is the
AD9058, which has a speed of 50 MSPS. The AD9o58 has parallel processing
characr.eristics, and the opposite phase function is employed to increase
speed 10 to 100 MSPS. An eaual time multiple phase acquisition ~echniaue is
used. Software controls an P.D95o1 integrated circuit to produce a series
oz delayed pulses. Multiple data accruisitior_s replace a sir_gle data
accuisitior_. Therefore, the actual aGta acquisition 15 speed is the single
data acquisition speed multiplied by the number of times data is acquired.
The computer 122 runs software for interpreting the signals reflected from
the sample 106. The results are 20 displayed on monitor 12a. A clock signal
generator 126 synchronises the computer 122, the pulse generator 100 and
the A/D converter 116. The computer 122 controls the stepmotor driver 110
and scanner 208 using its parallel output part. 2~ The computer 122 has
control of the overall system shown in Fig, a. The software run by the
computer replaces many of the hardware components of the prior art
described above. This reduces the cost ar_d size of the 30 system, whilst
allowing additional fur_ctions to be provided. The only functions performed
by hardware are essentially signal generating, amplifying and digitizing. 



WO 01/8(281 12 PCT/SGO 1 /00070 A circuit diagram of the pulse
generator/receiver is shown in Fig. 5. The pulse generator/receiv er
comprises a Marx type a~ralanche circuit 300 including four 2N5551
transistors. This avalanche circu.~ is commercially 5 available. Control
circuits 302 which control tre initial functions and increase the
performance of the pulse generator/receiver are also provided. Receiver and
amplifier stage 304 receives and amplifies the sound wave signal resulting
from reflection of sound waves from the 10 acoustic lens 104. The output of
the stage 304 is prepared for transmission to the A/7 converter 116.
Software gunning of the computer 122 sunplemer_ts the functions performed
by the circuitry shown in Fig. 5, and this allows the circuitry to be
simpler than that which 15 is conventionally employed. The acoustic lens
103 is a glass and metallic ball surface transducer type acoustic lens. The
structure of the lens is shown in Fig. 7, which is a oss-sectional 20 view.
The lens comprises a molybdenum rod 200 surrounded by glass 202. The glass
and metal may be intermelted and intersealed. The part of the lens 1o4
which is nearest the specimen 1o6, in use, has an indentation~204
corresponding in shape to part of a sphere. On the lower 25 surface of the
lens 104, including the indentation 20a, a piezoelectric layer 206 is
formed. The layer 206 may be of zinc oxide, lithium niobate or silica. A
metallic, for example gold, film 208 is farmed over the piezoelectric layer
206. The layers 206 and 208 comprise an electrode. 30 =..n outer protective
layer 210 is then formed over film 208. The protective layer 210 is a
high-hardness, grinding resistant film, such as silicon nitrate or granite
formed by a MPCVD technique.   WO 01/8628l PCT/SGO1/00070 13 The assembly
described in the preceding paragraph is located in a housing 212 formed of,
for example, copper. The housing may include downwardly-extending 5 claws
214 which extend beyond tre lower surface of the assembly to protect the
assembly in case of contact with the specimen 1o6 or an~r other object. The
copper of the housing 212 may be joined with the gold of the film 208 to
form the electrode. l0 



A coaxial connecting socket protects the upper surface of the lens. The
diameter of the rod 200 is less than the 15 diameter of the indentation
20Q. The sound wave produced by the lens 10a is a spherical wave and will
be convergent and will not produce interferznce waves. Compared with a
sapphire flan surface transducer type acoustic lens, there is one less
reflection surface so 20 losses~are reduced. Also, because the materials
used are much cheaper, the cost of the lens is significantly reduced. The
glass/metal structure is relatively easily damaged, but this disadvantage
is mitigated by the provision of the protective layer 210 and the claws
21a. 25   WO 01/86281 13 ~? PCT/SGO1/00070 The fu~~ctions performed by the
acoustic microscope car. b= summarised as zollows: START a Pulse generator
produces high frequency pulses to excite Lh a transducer co produce the
ultrasonic waves 10 U1 trasonic waves are focussed by tire acoustic lens a
Focussed sound beam ? mp i nges on to the sampl a and is ref l ec ted a 1=_
Reflected sound u;ave received by t~:e acoustic lens Representative
electrical signal passed to the high frequency amplifier, peak detector and
pulse amplifier then to the ~ /D converter card which will digitise the
signal 20 ~ ' 



Processing of the digitised signal by software to remove noise and unwanted
pulses a Lens is scanned over the whole surface of the sample 2~
horizontally in two dimensions using the step motor and mechanical scanning
system and the above steps are repeated Display the data collected as two
dimensional image on the monitor Process the digitised data using 3D
algorithm and volume rendering software to produce a 3D image a END   VV O
01/8G281 13B PCT/SGO1/00070 To analyse a sample, the sample 106 is moved so
that the lens 10a is cer_tred over a particular point (coordinate value :;
Y) . The PC cor_trols the A/D caret to send out an e;tcitaLio:~ signal. zt
e=;cites the electronic circuit to produce 300 t,I high speEd pulse. This
e_~cizes the acoustic lens ~o produce a high freauency ultrasor_ic beam. It
will be reflec~ed at the samp'le's interface or at the uneven part within
tre sample. z0 The reflected wave   WO 01!8G281 Ia_ PCT/SG01 /00070 will be
received by the acoustic lens, and transformed into electrical signal (as
shown in Fig. e). After amplification, the reflected signal will be
transmitted to the ultrahigh speed A/D card to be con-rerted into a 5
digital signal. Then the software will be used for 



processing to reduce noise and to carry ouL wave inspection and wave
filtering. The A/D card transmits a signal, which is reflected 10 and has a
waveform as shown in Fig. 8(a). Then the more effective wavelet transform
method will be selected for noise reduction. With Mallat high speed
computation, the result after noise reductior_ is shown in Fig. e(b). Then
the Akima method is used to carry out wave selection and 15 wave filtering.
The results are shown in Fig. 8(c). Using software for noise reduction,
wave selection and wave filtering, can produce a better effect, reduce
hardware and easily achieve ultrawide band wave filtering. 20 The signals
after analysis are stored in the computer, It displays at the same time the
A scan waveshape of the sample along its depth direction, and the H scan
and C scan after processing. The software will excite the scanning
mechanical system to move to the next ~:5 point on the sample and repeat
the above procedure. Scanning will occur in the X direction. The lens is
moved to the next position of the specimen with coordinate value X2Y1, and
the analysing and storing 30 steps are repeated. The sample then moves to
X3YI ... XnYl. After finishing scan of each line, the sample moves from Y1
to Y2 ( and then completes the Xn ... X2 X1 scan . At each point the same
testing, processing, saving and displaying   W O 01 /86281 15
PCT/SGO1/00070 steps occur. Tre process is repeated with scanning Y2 to Y3,
and to Y~=, Y5 ... Ym. At each value of Y, x will scan for a line . The
phenormenon of kayleigh wave travel through a medium using a waVe,generated
by an acoustic microscope is described in the report "Microwaves, Acoustics
and Scanning Microscopy" by C.F. Quate, appearing in the Proceedings of the
Rank Prize International Symposium on ?0 Scanned Image Microscopy. The
T,T(z) curve is applied, in the present embodiment to evaluate quantitative
elastic properties of the specimen 10o'. The computer 122 is programed to
enable the automated measurement of the V(z) curve. riere the V refers to
the video or envelope detected sicnal that is 



used to modulate the brightness of the image, and z 20 refers~to the amount
by which the specimen surface is displaced f ram the focal plane of the
lens. By convention the focal position is designated z=0, and displacement
of the speciment away from the lens is taken as positive. The process of
the decreasing the separation of the lens 25 and speciment relative to the
focal distance is often referred to as defocusing. The most interesting
phenonmena occur at negative defocus and are closely related to the elastic
properties of the specimen. The elastic property of the specimen can be
determined by 30 measuring the V(z) curve and using the relation   WO
01/86281 16 PCT/SG01100070 Trlhere Va is the Rayleigh wave speed, V~ is the
speed, of the coupling fluid, r is the frequency ar_d az is the period ei
oscillations in the cure. The elastic properties of ar_ isotrop;c specimen
are completely characterised by two independent engineering M astic
constants, r_amely E and u, the Young's Modulus and Poisson's ratio
respectively. These two constants are related to the Rayleigh wave speed by
the follcwing equation. r. E=?(IT~PnC 0.87 + 1.1 Where p is the density of
the specimen. Thus, the Young's Modulus of the specimen can be determined
by measuring Vz if the density and the Poisson's ratio are known. A Fast
Fourier Transform is performed on the measured V(z) data to obtain data z.
The program is 20 written in Matlab. From a discrete amplitude plot, data z
can be obtained. To perform V(Z) curve testing, the lens 104 is located
above certain position XY~of the specimen 1o6. The Z value, the distance
between lens and specimen, is adjusted to an expected value, electrical
pulses are initiated, reflected acoustic signals are tested and saved into
memory. By multiplying the phase time differences between the specimen
surface and reflected 30 signals of lens surface, both of which have the
same phase with sound velocity in water, then Z, the distance between the
surf ace and lens, is obtained. The maximum value of V1 is obtained from
testing the reflected  



VVO 01/8G281 17 PCT/SGO 1 /00070 aCOllSti C Signa' S . Usl.ng Z cs
r?CrlZOnta1 COOrdl:late and V as vertical coordir_ate, pc=nt Vlz1 is
ploLCed. !he lens scanr_ed ir_ Z direction. The distance between tk~e lens
and sp ecimen is changed to Z2 . T r~e. same method as pefore is used to
test reflected voltage JaIL~ v2 at pcir~t z2. Foint Z2V2 is then plotted.
The drive lens is then again scanned in Z direction'to ?,3. V3 is obtained.
This procedure is repeated until the lens moves to Zn, and voltage value Vn
is obtained. Then on the mor_itor of ;0 computer a V(Z) curve is plotted.
In the computer memory, pairs cf V (z) data are saved. Then V (Z) analysis
software is initia~ed. To obtain depth iniormaticn for each point on the
sample the maximum value of the signal and the corresponding time
coordinate at which it occurs are determined. The software applied curve
fitting to obtain. a smooth curve usir_g the maximum point curve fitted,
and displays the curve on the monitor (Fig. 9). This is the 20 detecting
wave of reflected signals, also called normal A scan image. With this data
B and C scan images are formed . When phase information of the sample is
needed, 25 reflected acoustic waves carrying signals gathered above are
used, taking certain periods of certain layer generating acoustic waves as
reference, to calculate the phase difference from the same period another
layer generating reflected acoustic waves, and then obtain the 30 phase
image for this layer (Fig. 10). When model identification or low noise is
needed, a method, such as wavelet transform or a neural network, is   WO
0l/86281 12 PCT/SGO1/00070 used to reduce the nose or identification model
for the reflected waves carrying signals gathered above. When this has been
completed the A, B Gad C scans 5 will be displayed, the C scan image
showir_g d~ptn of the specimen. Original acoustic waves, processed pulse
width and phase information of all points of internal threedimensional
structure are saved in the memorv of the computer. This informati or_ matr
be used for further 



10 processing, completing model identification and threedimensional
imaging. The results will display on the monitor with manuscript, data or
images, or save in disk, CD or can b a printed out. 'S Similar to any
scar_ning image formation system, the image formation procedure is based on
the cor_volution of the objective function and.tha point spread function of
the image formation system. Due to the fact that we are aiming at 3D image
formation, the SAM's image formation 30 equation is as follows: Ua~~-~.~)=
~~~h~xwyo=o)R(~s-^a~Ys-YoZs-Za)~odyo~o y where h= point spread function of
.image formation system, 25 R= sample's reflection coefficient. The above
equation is different from ordinary image formation equation. The usual
equation only considers the 2D scan of the probe along the sample's surface
and 0 treats image formation process as the 2D convolution of the objective
function and the image system's point spread function. In reality the
acoustic lens not only has 2D aberration in the horizontal direction, in
the   WO 01l86281 19 PCT/SG01 /00070 depth direction also ea'_sts one
effect of pu'_se spread due to reaction from tre electrical system pulse.
This 1S al SO a type of aberratiCn. That i S, 1n re -? ty, tria system
possesses a 3D aberra~.'_on. hence the s-:scem point S spread function. is
a 3D fur~cc=on. The image _:,rmation equation is the 3D convolutior_ o~ the
3D poi^~ spread function and the objective fur_c~ion. During scanning, the
independent variabl es Xo, Yo are automatically cancelled, the voltage sent
from the transducer will be ~0 the one D convolution of the sample' s
reflected function along the depth and the pulse reaction of the inspection
electrical circuit. During B scanning, one o~ the independent variables of
Xo, Y~ (e.g. Xo) will be automatically cancelled. The output of the
transducer output a? ong ti me (or al or_g z) and y will be the 2D
convolution of the pulse reaction of the inspection electronic circuit and
the 2D point spread function h(yo, zo) formed by the aberration of the
acoustic lens along the y direction. During C scanning, the independent 20
variab3e zo is automatically cancelled. The distribution source of the
transducer output along Xo, Yo is the convolution of the point sprsad
function h (Xo, Yo) formed by the aberration of the acoustic lens along the
(xo Yo) direction and the objective reflection function. During ~5 3D image
formation, the independent variables Xo Yo Zo a11 exist. The spatial
distribution of the transducer output is the resulting 3D convolution of
the 3D point spread function in the broader sense h (:~o, yo, zo) and the
ob j ective function R (x5, ys, zs) . Beside this , the multiple ~0
reflection of the sound wave during measurement and the regular ref
lections caused by the existence of the non working model of the lenses
also have important influences on the image formation.   WO 01/86281 ?a 



PCT/SGO1/00070 The aJJC~i ~ ~T_lalySlS 1S th th20ret1cal baSlS Of tre
=esearch in 3D image formaticn. I~ is pointed out here thGt in general
~.:ltrasonic inspection applies to the interior of the samples. The point
spread function r_ot cnly deper_ds en tie frequency, but is also related to
the transducer structure, type or coupling liquid, sample material, shape
of the sample and its depth. 10 In the present system, the scanning of the
ultrasound beam along the x,y direction is accomplished by mechanical
scanning. The z a_tis scanning is accomplished using scanning from the
accumulation of time. In order to obtain sufficient accura~e data 1~
acquisition, one needs to satis=y sample acquisition theorem. To enable the
results of data acquisition to be close to reality, one needs as many
acquisition points as possible. That is, the data sampling rate of the A/D
card must be as high as possible. This will enable the 20 waveform
recovered after digitisation to be a5 close to the waveform of the original
signal. According to the sampling theorem, acquisition time interval 0 t T
< %i fn, th is the portion of the highest frequency among the acquired
signals or A/D card acquisition sampling rate fs 25 - 1/ D t > 2 fn. Tn the
applicant's experience, in order to obtain an accurate waveform one needs
fs > l0fh. The A/D card acquisition sampling rate is fs > 1GSPS. Hence it
is able to perform accurate acquisition of ultrasound signals above 100
MHz. 30 During even higher acquisition rate to acquire data, the data
acquired will occupy greater storage space, and reeds longer processing
time. Fortunately, the   VVO 01/8(281 PCT/SG01/00070 21 computation spend,
storage and software level has been continuousl~ increasing. By ways of
eaampl e, sample inspections wi 11 no~.a be S described. During the
sample'inspection, or_e places the sample onto the sample stage ar_d adds
the couplant. Then the PC and software are initialised. The inspection
frequency, 10 scanning limit, speed and acquisition depth are selected.
When the ir_spection has started, the computer display will shoT;~ the ~
scan waveform. ?also one can enlarge ar_y required sec~ion of the waveform
to see the details. The A scan waveform shown on the PC display is given in
Fig. 15 11. During the inspection, the A scan waveform and typical data
will be shown at the lower part of the PC monitor display (Fig. 12). The
upper right portion of the 



20 PC display will show the B scan image and the upper left portion will
display the C scan image. The typical results are shown below. Fig. 13
shows the C scan image of the internal 25 structure of the three power
triode tubes. Fig. l4 shows C scan images of Flip Chip's multi layers at
different depths. 30 Fig. 15 shows C scan images of the bottom layer
structure of the metallic ceramic base plate.   WO 01/86281 22
PCT/SGO1/00070 Fig. 16 shows C scan images cf the ceramic metallic welding
structures of the three different samples. The sample after dissection
confirms that the above images are correct and of high precision. The
images show that 5 the system can also inspect non=lat surface samples. The
software for SF.M's 3D data visualization can be divided ~r~to three
modules: preprocessing of data, projection, and drawing and display. l0 1.
Preprocessing data After standardising the data, one follows a fixed format
to store them, and performs preprocessing on these da~a. 15 According to
the image formation of SAM, one needs co perform the following
preprocessing steps before the projection transformation. a. Elimination of
fixed pulse  20 



The acoustic lens after high speed pulse excitation will produce a series
of useless fixed pulses mixed within the reflected wave signal. This fixed
pulse has to be eliminated during data preprocessing. Fig. 17(a) shows 25
the useless fixed pulse of the lens and Fig. 17(b) is the A scan waveform
that includes the useless pulse. The A scan waveform after the elimination
of the useless pulse is shown in Fig. 17(c). 30 The technique of wavelet
transform is used to eliminate the useless fixed pulses. As the specimen is
raster scanned, a11 the readings can be arranged into a straight line and a
one D wavelet transform performed on them. To   WO 01/86281 23 PCT/SGO 1
/00070 do this the readings acquired from the Sam ha-Je co be stored in tre
computer' S memory first . After wh=ch wavelet trar_sfcrm and dencising
l,~ril1 then be percrmed on them. The program performs one D wave~et
trar_sform, 5 amplitude thresholding and reconstruction is ~rricten suing a
C =-~- ccmpi_er. In tr~i s program, the uaar scaling function and wavelet
are used. Their scaling coefficients formed the respective filter banks.
The signal samples are used as the first set of scaling function to
coefficients. For scales high enough the samples serve as very good
approximation to the first set of scaling ur_ction coefficients. This is
apparent to the &aar sca_~ng function as it is a step function. But it
apnl~es to other families of scaling function as well. There are 15 four
functions in this program, two of which to do the wavelet transform of the
signal. One does the amplitude thresholding. The last recor_structs the
signa? using the set of lower scale scaling function coefficients and all
the other sets of wavelet coefficients. The memor:t~ 20 allocation of the
arrays and display of results are done in the main program. The procedure
for removing the useless fixed pulse is shown in the flow diagram of
Fig..l8. 25 b. Reduction of pulse width The sample's surface and the
interior delamination's surface are very thin boundaries. The ideal form of
30 reflected sound signal from that surface is the f pulse. 3ut due to the
limitations of the electronic circuit bandwidth, the reflected pulse has a
(fixed width as shown in Fig. l9ia). To overcome this, one can use signal  



V1'0 01/81r281 PCT/SGO1/00070 2 ~. processing to compress the sicnal's
pulse width. The result after compression is shown in Fig. 19(h1. e.
Elimination or mufti reflections The ultrasonic wove can produce mLlLi
reflections between the two reflectir_g surfaces which have hiah
reflec~.ion coefficients. The adding of these mufti reflection pulses to
the reflected pulse will cause ghost images, as shown 10 in Fig. 20 (a) .
The first reflection in the ffigure is the reflection from the sample's
sur~ace. The secor_d reflection is from the inhomogeneities within t?^_~
sample. The third reflectior_ is the second reflection from the sample's
surface. This reflection overlaps with the 15 reflection from the sample's
bottom, forming ghos~ images. Fig. 2o(c) shows the C scan image which has
ghost images. One can follow the knowledge of acoustics, to ?dentify the
position of the reflected peak and then investigate in the reverse
direction, to eliminate those 20 reflected peak which have grater
influence, and thus eliminate the mufti reflections. Fig. 20(b) and (d)
show the A scan and C scan images after the mufti reflection elimination.
25 Besides the above processing method, the traditional methods of spatial
filtering (such as average value filtering and mid value filtering) also
are effecCive. 2. Projection 30 Projection is the nucleus of visualization
technology. The visualization of the SAM data belongs to the field of 3D
scalar field technology. Scalar field visualization   WO 01/86281
PCT/SGO1/00070 25 can be divided into the categories of section surface
reconstruction, eoual value surface visual?za~ion and nody drawing
technology, after considering image _ormation resole and efficien.cv and
the selection of equal value surface visualizatior_ techr_ology. a. Equal
value surface visualization P.n equal value surface is a series of spatial
curved .0 surfaces. The function F(x,y,z) on the curved surface has the
given fixed value. Within the spatial graph, each 



poi nt preserves the sampling val ue F (x., yT, z;~) ac the graphic unit
(x_, yi, zx) . For each given fixed value Ft the eoual value surface is the
series of curved surfaces 15 =ormed by a11 the poi nts sFt={ (x, y, z) : F
(x, y, z ) =F t } . The surface reconstruction method has been used as a
way to extract equal value surfaces. It uses the bour_dary lines of the
sectional. image as the basis. It is a tyre 2U of sectional surface
reconstruction method. The precision of the triangular plate used in this
method is not so good. It is unsuitable for use in the highly fluctuating
scalar field. With the increase in the capability of the PC, we have
selected the more effective Marching Cube 25 algorithm to extract equal
value surface. b. Marching Cube Algorithm The slicing of single scan images
into layers of images 30 of the various layers of the specimen is a
necessary step towards 3D volume rendering of images. The Marching Cube
Algorithm uses these layers of images to stack them up to form 3D images.
WO 01/86281 26 PCT/SG01 /00070 Marchir_g cube algorithm is representative
of 3D data field and uses vofr`1 unit to generate equal vane surYace
technolcg~r. The usual algorithm to process 3D pc~iti-~e 5 data field, can
be represen~ed as: F~,j,x =F(x~,y.,zx) (i;2,--,Nr,J=1,--N~,k=I,--,N=J In
the Marching Cube algorithm, voxel is a cubic body 10 according to the
logic. It is formed by the fcur pixels 



from each of the two neig?zbouring layers which form a cube's eight
corners. It is shown in Fig. 21. This alQOrithm processes all the cubic
voxel in zhe data 15 field. First it carries out classification of the
corners of a cube. It separates out the cube which intersects with the
equal value surface. rrom the classification of the top points, one
establishes what that cube occupies in the index within the search and
classificatior_ table. 20 A search is carried out on the distribution model
of the corresponding equal value surface within the classification table.
One uses interpolation to compute the intersection point of the equal value
surface and the boundaries of the cube. From the corresponding positions 25
of each of the corners of the tube and the equal value surface, one uses
the intersection point of the equal value surface and the cubic body edge
and follows a fixed rule to join up and form the equal value surface close
to the triangular plate. One then uses interpolatior_ to 30 calculate the
value of the normal vector of the corners of the triangular plate. 3.
DrawinG and display   WO 01/86281 27 PCT/SGO1/00070 Open GL 25 a LODLla= 3D
imaging software interface suitable to use on the PC platform to produce
high quality 3D images. Cpen GL. s?mplifies the dra,,~ir~g and display
DrOCedi.~~2. 1C tranS=OrmS t~e vlewS tar=~T_l, ~.n~e 



S model, the projec~.icn ar_d visualisation region and simplifies into
special usage transformation coefficient, the eliminaticr_ of hidden
surface problem is automatically completed by the ir_terface. When
withdrawing close up equal value surface triangular 10 plates, it
simultaneously calculates the vector quantity of the corneas of the
triangular plate. After introducing in illuminaticn processing, then one
can obtain the real efTect 3D images. 15 Ultrascan - 1 software's
visualization portion. and display model posseses good interaction
properties. The parameters of viewing ar_gles, sample position, licht
source position can be conveniently adjusted. This enables good quality 3D
images. 20 4 The results of the application of visualization technology
Using the above visualization technology, one can 25 display the 3D images
of the structures of the samples. Figs. 22, 23 and 2~ show images produced
after inspection of a flipchip, ceramic base plate and ceramic stick. A ~P
30 x 15 mm aluminium sample was also inspected. 30 The result is shown in
Fig. 25(a). The vertical section of the sample is quite thick. So,
multi-reflections and useless fixed pulse influence will be present. During
the   V1'O 01/86281 28 PCT/SGO1/00070 data preprocessing, the above factors
have to be  eliminated and also one needs to compress the pulse wider as a
preprocessing step. Then one can obtain the equal value surfac`. The 3D
image oz the sample is shown 5 in Fig. 25 (b) . Software is written with
Visual C++. The operating system is Win98. 10 Software functions: main
dialog, file, view and test menu. Also including position process, file
saving, mechanical scan and data collect, gain control signal process and
image process, etc. The menu structure is shown in Fig. 26. 15 1. Under
mair_ mer_u: file, test, view and help submenu. 2. Under file submenu: new,
open, print, save and exit submenu. 3. Under test submenu: system setting
and start submenu. 20 Testing parameter are set and start scanning. Under
side is A scan image and upper left side is C scan image, upper right side,
is B scan image. When a file is opened under the file menu. There are file,
test, edit, view, image, window, help and 25 display submenu. Under the
edit submenu, file can be copied. Under display submenu, there are
functions such as: grayscale, inverse grayscale, pseudo color, zoom in,
zoom out and note. Under image submenu, there are functions such as:
eliminate fixed target, 30 reduce pulsewidth, and extract isolines, 3D
image. 



Advantages of this embodiment of the present invention include:   WO
01/8G281 29 PCT/SG01 /00070 1. Increased data acquisition rate of one A/D
card to such a level that it can accruire in real time the waveform of an
un-modulated reflected wave. The function done by hardware is compl eted
bar sefL~.vare 5 and more fur_ctions are added. C scanning S~! with single
functior is changed to multipurpose S?sM with A, B, C image scan~and
three-dimensional image functions . It is also phase S3.M c~ri th sof tware
to test the phase. 10 2. This equipment can do analysis with
mufti-parameters to complete the characteristic ar_d model identification.
SP~I is made as a king of auantitative testing and analysing eauipment. 3.
With advar_ced enhanced functions, hardware such as 15 oscilloscope,
modulator and video frequency amplifier are omitted. The hardware structure
is simoli=ied a lot, reduced volume, weight and low cost and price are
benerits for extending this technologies and ectuipment . -. 20 ?.. This
equipment with more software is more flexible and extendable; make single
functional fixed equipment developed according to the requirement of
customer.   WO 01l86281 30 Claims PCTlSGO1100070 1. ~.n acoustic lens for
an acoustic microscope, including ..__ ir_ner metal ~cc_ Lion and ar_ cuter
gl ass port i On , the Outer gl aSS DO-L1011 having at 1 eaS t Onc oper_~
ng therein, which e~tposes the ir_ner metal portion. . 



2. ?fin acoustic lens according to claim 1, wherein the 10 inner metal
portion has a concave region at a position corresponding generally to the
opening in the outer glass portion. 3. girl acoustic lens according to
claim 2, wherei~l a 15 niezoelectx=c saver is formed over said cor_cave .
regior_ . ^-_. An acoustic ler_s according to claim 2 or 3, wherein said
piezoelectric layer comprises one of zinc 20 oxide, lithium niobate and
silica. 5. An acoustic lens according to claim 3 or 4, wherein a metallic
film is formed over said piezoelectric layer, so as to form an electrode.
25 o. An acoustic lens according to claim S, wherein the metallic film
comprises gold. 7. ?fin acoustic lens according to claim 5 or 6, wherein 30
a protective layer is formed over said metallic layer.   VVO 01/86281 31
PCT/SGO 1 /00070 8. An acoustic lens according to claim 7, wherein said
protective layer is a high-hardr_ess film such as silicor_ nitrate. 5 9. Fn
acoustic lens according to any one of claims 1 to 8, wherein a protective
housing is provided for said outer glass portion. 10. An acoustic lens
according to any one of claims 1 to 10 9, wherein the glass and metal of
the outer and inner portions are fused. 11. An analogue to digital
converter for an acoustic microscope, including means for perforing
multiple 15 phase acquisition such that the effective sampling rate is
increased. 



12. A pulse generator/receiver for an acoustic microscope, including a Marx
type avalanche circuit 20 for generating pulses to be transmitted to an
acoustic lens and amplifier means for preparing received pulses for
analogue to digital conversion. 13. Apparatus for producing a simulated
three 25 dimensional image of a sample, including means for obtaining a B
and C scan image, means for slicing the B and C scan images, and means for
producing a three dimensional volume rendering of the sample. 30 1~.
Apparatus according to claim 13, wherein the Marching Cube Algorithm is
used to provide the three dimensional volume rendering of the sample using
the sliced B and C scan images.   WO 01/86281 32 PCT/SGO1/00070 15.
Apparatus for measuring the elastic proper~y e~ a sample, inc_uding an
accu=sic lens, means zor varying the distance tew.~e=r_ rile acousti c 1
e:~s and 5 the sample, and means for measurir_g the V(z) cuxve for the
sample. lo. Apparatus acccrding to clam 15, wherein the elastic property is
determined using the relations to yo a YR ~z) - Yo ~; _ ~l _ 2fd ~ } _ 



15 where V~is the Rayleigh wale speed, Vo is t:~e couping fluid speed, i is
the Frequency and ez is the period of oscillations in the V(z) curve, and
E=2(1+I~PnC ~~ ~ 0. 87 + 1. I ?:1~~ 20 where p is the density of the
specimen, a is the Poisson's ratio and E is the Young's Modulus. .AAs.A;
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