; e3eN$"6 TNgWD 01/ 81 >>281 PCT/ SGOL1/ 00070 i ~m~~uM-ni o~ni nni oon~~n testi ng,

i magi ng, ana~.ysis and processing, and nore 5 particularly relates to an
acousti c WogiRg&ePe. Such microscopes are widely used in RRRERKGBHEHI Ve
testing, observation and analysis in the material, electronics) mechanics
and nedical fields. 10 GB 231.1B58 relates to an ultrasonic imgi ng system
U trasoni c waves are ﬁenerated by | aser beans. Refl ected waves are detected

and conver tal. signals. The digital signals @ﬂﬂmmﬁ H@MH
using a symmmwmmmmmj lure f ocussi ng technique in order tgﬁl I m ‘ ¥ssed
15 images. U t#ssoni c testing REOUSIC MfunrodanpBever al decadeswoThe
testing devices nost widely used are industrial A scan flaw detector

medi cal B scan 20 ultrasonic scanner, C scan ultrasonic inagery nachi ne and
ot her advanced pRQQAUGHSseSHLHn 8B t] her S A . scan
nodes are the thrgg gésﬁ% nﬁg%s§%fggF§rggogF% ?%%g?EQQSiﬁiﬁfgékﬁégder. t he
pul se echotg5tiiaghniimessingheanahyalisr asdnprovese ing, puse daren i npi nges on
a discqptinui%g ih Wil | bglrgfée t ed_and thE.refLected ul se_can be
recorded. TRFSIFEfREIYed Pl s2° carr FRs2FRFS ﬁﬁtW&ﬁrﬁﬁQAhfth%% tinuity.
This is aumterseiohals t:0-d heidoryatsea oh geheeandubense thesmane pul se 3Q
echo. WO 01 /86281 PCT/ SGOL/ 00070 2 The A scan_ is the sinplest form of

ul trasoni cOPREEVAGION FrbtaRatBFHS LRethef Rabesdapul sdasttramies, and s

one di mensjapalbapd no 4 -2{esfoiged. J 5The B scan or brightness node
scanni ng, prOV|aes atwo di mensional, cross sectional reflection inmage of
t heobject that is scanned.' It gives the side view of theobject. A B scan

imge_is forned by sweepin narr owacousti c beam,t hrough a pl ane and
posi t idhi ng t he E8r &4 g@%b%%e%nt% P sPL By SORACt RHE SRS sy stem.

acor I eSpongeRegs BRLWCGAILS Lo R ayeSeal | bPe1 200, 1 Bedbiectian Ol agoust| ¢

propagation in e material.CGenetally the sane trar_sducer 1s used to both

send andre¢avees the ded@stied sAmmhatenveérfeddanent digleafiursd gafaladl5B scan

i i's that gne.of .the dinensions is inferreds ival time of each of
2 Shor actit RESpAPde RGP FEIT GRTOTTEH €1 FtEar e SHFBRT ] pr osumed)

strai ght -l aperpatrh. £ocgRdind acedvelnie oim SbFast uk8Sobkase tpdhmidansducer

arrive ear|ier than signals received fronR0structures far fromthe

t ransddceri™&B8Sot her (transverse) dinension is obtained by noving

t hetransducer' (either physically by nechanical neans orapparently by

el ectronic neans) so that a differentstraight |ine path through the object

i s interrogat edUby28anaticert eshining drasistdan puteen bt sspreceds is

continueduntil .the hj ec i on of int%%e t is gcanned. rSone neans
?i&igs?é

tire % t.re
of trackin e?%%eiroﬁﬁaa%FE 58 SRy P e ot qfFfed in order to
unanmbi guoustuslefiae hhecammFlawBetector, 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

nltrasonic imaging classified under the pulse echo

25 techniques. When an ultrasonic wave in pulse form
impinges on a discontinuity it will he reflected and the
reflected pulse can be recorded. This reflected pulse
carries information on the discontinuity. This is quite
similar to the formation of echo and hence the name pulse

30 echo.



The C scan provi des a two-di nensional orthographic image of an object. It
gives the top view of the object. Unlike, the B scan, where one di nension
of the i“ﬁ%ﬁnk%wl WO 01/8&81 3 PCT/ SGOL/ 00070 i nferred frpgryddegoarni va
time of an acoustic pulse, time plays no primary role in either of the two
i mge dinensions of a Cscan. In a reflection Cscan, the tine of arrival
plays a secondary role in that it determfnes 5 the distance of the inage

pl ane fromthe transducer; in a transm ssion C-scan, tinme plays no role
what soever. A Cscan inmage resenbl es i nages obtained with x-ray fl uoroscopy;
hence, the i mag&%et éndaam |opkiner eihpiekicalf orimae fa Warrasspohdi ng H- scan

and are often_nere readily 10 interpretabl e...Because acoustic m croscopes
usual |y enp '8y Regh ec?d‘_gsrﬁ:y?%%%’ﬂégi ghﬁaggg,le&g@t#ﬁ@ﬁﬁf%lﬁ}%a enses
and hi gh- peeei SisoRneeeiaft] oS £aNIhAOneY $hales e ifmaRsy 1S taken have

hi gh accuracy. Using a conputer, digital information obtained fromtests
using an acoustic mcroscope are digitized to save and display. In this

manner,-. it is e 0 _ohserv e . _Al.so, _an_acoustic mcroscope can
perform differ e%?l%f t&n&%églnsgres%%%glﬁgg%gt BHRng e g&ﬂ/atﬁro%wa(ﬁ%ﬁ @nal ysi s

usi ng i magewpr a¢eeaisi@mld aiieds SRl opEQCeeFl g tliethintldRs .o fT hehe
conventional aacoustic m croscope_contains four pzincipal parts: pulse
gener at i on°RAGCSEi GRAC dét KIFHED5 EFreuVes1threfd a8 Wevhafi ddle scanni ng
system 5, apd.aksoxcentyal, a i s Ei Yeeth! I ration and
signal detec f%g cﬁrcu%fgﬁl?ﬂ%?ﬂ%e€$ﬁ%?%m%ulgg éeﬁg}agﬁf%bﬁﬁhu se divider
11, hi gh-faequenéy besam |[tdtmrudi8,a gpjdnéi endlppskPellomichy atter 17,

circulator_19, ,mat.chi 30 network 21, anpljfier _and signal detector 23,
Ul 6 Dol FEPEL T3S, Schite dindt AP EY CBRFLoFBELAIEE St Fol d pul se
source 29,c&kQEQthﬁﬁﬁ%@Fbé%ﬂééﬁ'@ﬂeaiis%légeéc§§ and PlRe 95ci | | oscope
35. The nechani cal scanning system WO 01/86281 PCT/ SGO1/ 00070 4 5

conpri ses @hreetdpnrendi araust lajpsepddat honkénathenmarexd¥l .aces novi ng
and, SCAMTIASRURLKL AN s SSBABleEr B pASL ORSENAS Oy The
sho~.ar_) receive the acoustic signals. A fundamental feature of a
15 B scan image is that one of the dimensions is inferred
from arrival time of each of a short acoustic pulse as
they reflect from structures along a (presumed) straight-
line path. Sigmnals received from structures close to the
transducer arrive earlier than signals received from
20 structures far from the transducer. The other
(transverse) dimension is obtained by moving the
transducer (either physically by mechanical means or
apparently by electronic meaﬁs) so that a different
straight line path through the object is interrogated by
25 another short acoustic pulse. This process is continued
until the entire object region of interest is scanned.
Some means of tracking the propagation path through the
object 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



5 ADinterf ace board 47, parallel ir_teriace board ~9 and nonitor 51. The
sanple 53 is nounted on the threedi nensionally adjustable workstation 37

and is cow@oﬁgdsq the lens 3 by a suitable coupling |iqui dcalxsGoidbdioas
water. 10 ntinuous m crowave signals are generated by a m crowave source

(conponents 9 to 15) and pass through nodul ator where they are converted to
nodul at ed pul ss signals. These signals gd through circulator 19, matching
15 network 21 and are converted to nodul ated acoustic pul ses when they pass
to the lens 3, and are focused by the lens 3 into the sanpls 53 and
reflected firgnathes i phepDEaREAYS iRAMNT £ e (4 SRANPLELsAEOUBLIGESI @Adles are
reflected back to lens 3, through a transducer and converted to 20
nodul at ed elREl@y¥s @ PYEBEEY Tﬁg§eq@ﬂ6m§hQﬁ)Qhrb@ghtwbrémﬁeﬁor 19, high .

frequency ifler,..then_thr detecti.n ampl i fyin anmpling.and.
hol di ng (cgirr%@[loer{{eg’nltc[':sns Zggt 0 gS%%tggl A%Itf} ccaor%‘ﬁv‘z‘gfr]telécr@]?ﬁ,1 g’r\%cﬁﬁén@g\% T t he
nenory of ed#wivad pbdydi apbayeadayit e r@nid ofhdd. i Coavestrnanals

acoustic m croscopes have _sone inportant deficiencies: 1. The pulse tinme
for gatherithf HTEIRCE| REdERS0 18R FLagiRe et i B | WagRSHYCERY ailRed f or

each scan ({ 4 ng._ endgiscill L I avel ~of the
acoustic mg\/rggﬁs.r&%sc:ﬁé?i geggﬁg’Cgég%n%{l%e%\%'ﬁwgié%v%&/é 1/ 00070
i s obtai ne¢aam Vimdde i senetibpessilbhegetso oiitaineCockrh i xagayof severa
cross-sections sinul t anepusl t .,is not aCSSIbIg¥$o obtain the_structure

2, |
of thepl ané Qﬁ999%7tﬁ@nﬁ%ougpﬁch&ﬁ@Fi?%ﬁdtqﬂe K HRE SRMEdEAge not

possibl e teraaye %&&f@gﬁéﬁaﬂﬁ%gnsc&e@% idrd %ﬁ/@éarm&%f'ﬁealﬂhw obtain

a .three-di nmensional.inmage.|n a, the applicant designe

muf ti -Jpr peggzoiprafiakleystem t hat can obtain A, B and C-scan i mages atthe
sanme time (Fig. 2) .~ The inspection principle issimlar to that described
inrelation to Figure 1, ar_dlike elenents are designated with the sane

referencer _uner aescaude 88bysEhgr mittedrbpdid henence, isnt by, nhngarabove t he
specinen (X1, Yl) position, the | ens sends aseries of acoustic pulses to
t he speci nEASERIAt 3FRYBRRCt VA¥CSendSCATSET o5 IfCwRiRg gheRERF NG Bul ses,

t hedel ay ti _ G ri I | Vv ; §al ul ses
varyi ng fr%@nﬁﬁ@%%g@&%ﬁ%ﬂcggd 5?%5‘?%6%3?’%%%’ ?ﬁ'% %@?&Sgn each
dat a gefi hetiehkgnpllasee dntigli acpukseyi. sUsnagl sermmmputarhe dbgieslof data

gat heri ngpul_ses can be defecte romthe _anplijtude of reflectedsignals for
a gi ven porft & '%QQHéh§aﬁ%ﬁgh%?OWVESFFégEF&EQMﬁntQﬁP?%ﬁ*%cted acoustic
signals, ampiAroeaddd e Aogithbsapebntat¥landl)aispieht ainedeni §

thecol | ected signals are used to nodul ate the brilliance ofvarious points
on this |iREADEIB sdarl$ nd@eYi 5CoBPEPAEE. APfer Al tscdnt 3 X surface of
the sanpl es8uSRIR afiethk-Gddofeceas b= kBLar Mldrat ot ARLAIRILL O shoper nal
t hr ee- 3Jdi nensi onal structur an ence a conpl ete three-di nmensional image
i s for2ed. afhitestdsig,s\cheervat hopbgidusnripsdeemEingdmEged with the

system shoug LOBLguLe 1, DSeAUS e, 1 LGP 2Bk 1Ay B, G088 | mages,

The conventional acoustic microscope contains four
principal 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 mnetwork 21, amplifier and signal detector 23, pulse
amplifier 25, sample and hold circuit 27, sample and hold
pulse source 29, video frequency amplifier 31, filter 33

and pulse oscilloscope 35. The mechanical scanning system



WO O1/86281 6 PCT/ SG1 /0UO70 and internal three-dinensional structure for
the speci nen. The main di sadvantage is that the speed is too low It takes
nor e tham&z%giﬁur to get a series of three-dinensional dgtgsgéioedroder to
i nprove canni ng accuracy oz the scar_ning acoustic m croscope (5~~),
Prof essor Kino of Stanford University, devised the system described in US
pat ent nunber 4503708 (Refl ection Acousti’c M croscope for 10 Precision
Differential Phase 2nage) - see Figure 3. The working process of the systm
of the US patent is similar to the applicant's proposal described above.
The differ ehcEompris@s tGhresddiiepatemlincadinetahpli Wt Biat t9e phase
of the reflected 0 i i s is 2 asured., Here.specjal hardware
(lock-in anpr?fi.}e(?%alr%zép%a@de d eac‘%c?)r é%é%‘%%eﬁopbs ggtl%tphgggha%eepof
reflected amousti ansi g i idihesathard age. ofhé hésnsysteands diguaeccuracy.
It can exam ne the changing of depth for the nenbrane. The accuracy can
reach about C®OPARGSEr &rﬁm%&eﬁdé%rhi}%ebé%%@n 43, nensaordactorPi®iRt.han t he

system idn Figur I, 4.5 - Si efﬂja jEfi L per ather prior
system iss d‘l'ggl gzslégri‘naal% E%%‘?%EOZ%( j tacﬁil%i .f}élééﬁhgggj gg%tig% ﬁé’“‘pr esent

i nvention isochdtnrt Sgat ertdhesagflicizncdeanaintde dbauthpr ichirey st ens

ment i oned ahove. The system of te{}uPr resent invention may quickly obtain A,
B, C scan i maf&8sargadiishIa8 ¥k ele%"?:‘br TRNsPBNAl FREgeS AR &R may
perform phagget eshisng aRd 4 r@ﬂﬂ%leﬁé&;ﬁﬁg{m%ﬁansb? iedyced The
system may obtain the internal character of tThe Sanple and differentiate
with the nodaFexrThe hardware nay be very WO 01/ 86281 7 PCT/ S&1 /00070
szmpl e OonIy i ncluding the basic elenments of the previous SAMfor the

col | ec{li on cf the original data n.d processing with software. 5 The present
i nvenoi on i = def¢agdinhiciisAinicokavl/ sikhallsd @nd dSnefakead bt ter
under st andi ng of the present invention, an enbodinent will now be.

descri bed, BYyCHAYaYL @pqgﬁﬁ(icomponents 9 to 15) and pass through

modulator where they are converted to modulated pulse
signals. These signals go thrxough circulator 19, matching

network 21 and are converted to modulated acoustic pulses

-
w

when they pass to the lens 3, and are focused by the lens
3 into the sample 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 47, and are saved in the

memory of computer 39 and displayed by the monitor 51.

25
Conventioral acoustic microscopes have some
important deficiencies:
1. The pulse time for gathering data is fixed, so only
30 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



10 with reference to the acconpanying drawings, in which: Fig. 1 is a block
di agram of the main structure of a conventional SAM 15 Fig. 2 is a bl ock
diagran1gﬁ)@uggépr SP. M of the present applicant; Fig. 3 perschii@ok di agram
of the prior S?fit of US ab5o03~o0s; 20 Fig, a is a block diagramof the
present invention; Fig. 5is acircuit q%agran1of t he pul se
generator/receiver; 25 lens; 30 Fig. 6 is a block diagramof 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 & sFiqptaingdaosdliendti ésshowi pystdid thewp yobtadar e fitting;

Fi g. 101S G fTl atl . C Show he t-leO~i .Of phcSe 5 testing: Fig.
11 shows an :~ ggg% §g§§£ d?§18%$§9a Zggﬁ%aésﬁfbé?né Ser Lf%%@%%?“?g‘Figs.
13, 1~, 152and & showexappkeiblscan bhvges; thieg.stlfishews theceli m nation
or a fixed pulse Troman A scGh wave=crm Fig. 18 is a flow chart show ng
the renoval of BeEP&LIPXBYRpHEsEEE acoustic wave, i.e. the B scan

5 and of course not possible to have A scan
informaticn. Hence it is very difficult to obtain a

three-dimensional .image.

In 1954, the applicant designed a multi-purpose
10 imaging system that can obtain 2, B and C'scan images at
the same time (Fig. 2). The inspection principle is
similar to that described in relation to Figure 1, and
like elements ars designated with the same referencs
numerals. The only significant difference is that, when

above the specimen (X1, Y1) position, the lens sends a

[ )
(V]

series of acoustic pulses to the specimen, and at the
same time sends a series of data gathering pulses, the
delay times of ezch of data gathering pulses relative to
main pulses varying from small to large. Provided that
20 each delay time between each data gathering pulse and
main pulse is small enough, the series of data gathering
pulses can be detected from the amplitude of reflected
signals for a given point at different depths. By

collecting all the reflected acoustic signals, an A scan

38 ]
(V1]

image for this point (X1, Y1) is obtained. If the
collected signals are used to modulate the brilliance of
various points on this line, a B scan image is obtained.
After the scan of XY surface of the sample is completed,
all necessary information is obtained for internal three-
3) dimensional structure, and hence a complete three-
dimensional image is formed. This test system is an
obvious improvement compared with the system shown in

Figure 1, because it can obtain A, B and C scan images,



Fig. 19 shows the reduction in pulse width of an A 20 scan waveform Fig.
20 shows the elimnation of the nmultireflections fromA and~C scan
waveforngwogﬁmghg. 21 illustrates the cubic voxel in the NMparatongodhbe

Al gorithm Fig. 22 shows an image of the internal structure of a flipchip;
30 Fig. 23 shows an inmage of the bottom surface of a ceramc plate; WO
01/ 81281 9 PCT/ SGO1/ 00070 Fig. 2=~ showséan inmage of the interior

del ami nation of the strucLUre shown in Fig. 12(c); t Fig. 25 shows images
of Lhe interior structure of an 5 alum nium sanpls; and Fig. 20 shows

t he~sof t wargnd r e Shalll @ Hyeraihddls 1 e pgqm%e cpgponeqt s of the
acoustic mcroscope 10 are shown schematically in Fig. a. A pul se generator
100 producesspggfimepeedhandaiiyghdisd deayeagH sies. tHde obepupeafd the pobse
generator 100 ich.will be a series of 400 V, 10 r_s duration. pul ses, is
appl i ed to#%‘oﬁﬂ%c?%gcfoﬂorﬁ e%}arrf e R %8 sEnfefriom e T

connect or it d®-@dmdhsacoust idzdens ! 04, under which a sanple 100 is

| ocated. A transducer 105 is nour_ted on the |lens 10a. For frequencies
h?gher #han 10 M3z, the transducer is ground from30'Y cut LiNbO3 single
crystal. For fr engj I r ]Qﬂg r i e fromPZT
20 piezoel ectri ;%gegr']gﬁ‘lggs.t%ﬁr?%w (Zt%at S a@%%io%%fggg?%eoﬁe@ 04 to the
sanpl e 7. OG.cabhel mpuptbug thicquiiticsdope cadw) distdtéedowakeno B sanple
106 is nounted on a scanner ,108, which.is noved~by stepnotor driver 110.

The sanpl e SEERARF hoVRYVEFSAE Y hided IFepdddi Ashen )deogcaibsd in US

patent number %503708 (Reflection Acoustic Micrxoscope for

10 Precision Differential Phase Image) - see Figure 3. The
working process of the system 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

measured. Here special hardware (lock-in amplifier and

|
w

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) .

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



25 The SAM uses a nul tidi nension adjustnent structure. . rt has tw sets of
angl e adjusters, separately nounted on the transducer support, and the

sanpl e stage.o1828ihe ' transducer support, there is a focu§ ?gkﬂi%&) The
30 horizontal scanning of sanple by the ultrasonic wave bun e 1's %leved

by a nechani cal nethod. The grating style scanning of the sanple |s
achi eved by using a PCto control the step notor to drive the high
preci si on nmovi ng VWO 01/ 86281 PCT/ SGO1/ 00070 10 stage. Due to the :crowd
frequency =ange of the systemthere is G big difference in the sensitivity

reqU'renﬁnt51m§le|OBbHEBQH%B§h§§ngtEﬁesbgglgnEQEm%ﬁQs”Qﬁ? Ye | BrSLEBFOf
three beats. Sut at hig:~ frequencies, the 5 step notor noves I n nore

m nuts interf@dYi dpg stepscoThecpibsecs: cgeteSigheaﬂedgtEOaammd generates an
acoustic mavgum%thl frea_er c¥ of 25-200 M-3z that is incident on the
sanpl e 106. PT0EE 5 FRhSHogenTFE¥Ffit he ~0 sanple 106, acoustic waves are
refl ected back to the Iens 106. The refl ected waves are converted into
el ectrical 'signals and pass fromthe T connecLO 102 to pulse limter 112,
t hence o hi gh- —?Bau@m%FEWﬁghngéﬂﬁl@ﬁpﬂﬁfﬂéflnﬁg ighel@isei ricallsi gnal s
gene=at ed byzth§3 gnhe&%\m |1 conprise a series of high-frequency nodul at ed
pul ses.

For a better understanding of the present invention,
an embodiment will now be described, by way of example,

10 with reference to the accompanying drawings, in which:-

Fig. 1 is a block diagrzm of the main structure of a

conventional SaAM;

15 Fig. 2 is =z block diagram of a prior SAM of the

present applicant;

Fig. 3 is a block diagram of the prior SaM of US

4503708;
20
Fig. 4 is a block diagram of the present invention;
Fig. 5 1s a circuit diégram of the pulse
generator/receiver;
25
Fig. 6 is a block diagram of the A/D converter;
Fig. 7 1is a cross-sectional view through an acoustic
lens;
30

Fig. 8 shows the processing of the reflected

waveform;



Conponents 100, 102, 112, 11a, 118 and |20 conprise a pul se
generator/receiver. The pul se generator/re~ceiver 20 may be in the form of
a PC carqwoﬁmgﬁﬁylse generator/receiver has a sinple strugpyisgoododo a
direct current high voltage electrical source and a high quality Marx type
aval anche el ectronic circuit. 2S The output of the anplifier 1la of the
pul se generator/receiver passes to A/ID cgnverter 116 via peak detector Z18
and pul se anplifier 120. The A/D converter is in the formof a PC card, and
is a high speed device with a sanpling rate of over 1 GSPS and a
differentiation ;9 raéeiof 8 biﬁs. ét can digithﬁe En-nndul ed signals
with frequencies”afové 100 MESTHR T of 17 Y a0 put 5asse £ & Hofput er
122, such asfatP&nwi;th PIl 300 MHz processor. WO 01/86281 11
PCT/ SGOL/ 00070 The ul trahigh speed A/D digitises the reflected wave signal
and allows the software to carry out signal Drocessing and displ ay
functions. It satisfi t:he Y [gg.béhe fihgalpLnmeyacqui sidign The
princi pl es of thg*grtﬁghiﬁh sﬁ%gd T?%gg%gg%éggFéézﬁfﬁvﬁko%k &ﬁ%ﬁf%n1as
follows 3n gegtiBg;The integrated circuit chosen fen she A/D card is the
AD9058, which has a speed of 50 MSPS. The AD9058 has parallel processing
characr.eristics, and the opposite phase function is enployed to increase
speed 10 to 100 MBRS. ;AN eaual 14 me sl tiple-.phage acquisition ~echniaue is
used. Software controls an P.D9501 integrated circuit to produce a series
oz del ayed pulses. Multiple data accruisitior_s replace a sir_gle data
accuisitior_. Thsrefor%, the actual axa acquisition 15 speed is the single
data acqui siti on® sBeed*mfMSH ifed By & EFHUNMDBRI8F /ti mes data is acquired
The conmputer 122 runs software for interpreting the signals reflected from
the sanple 106. The results are 20 displayed on nonitor 12a. A clock signal
generator 126 syReBfontses tthe Idordig ek6 1510wt f¥appl §eCgeRanatld@ 9EG0 and
the A/D converter 116. The conputer 122 controls the stepnotor driver 110
and scanner 208 using its parallel output part. 2~ The conputer 122 has
control of the owvegal L7sgsioon sttveliimiriag;icen dheasoikedr euidr Fyxdmhe
conput er replaces nmany of the hardware conponents of the prior art
descri bed apBvR. STRRsYWA¥EHOER it he cost ar_d size of the 30 system whil st
al | ow g addi tional fur_ctions to be provided. The only functions perforned
by hardware are essentially signal generating, anplifying and digitizing.
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 eliminatiom of the

multireflections from A and C scan waveforms;

25 FPig. 21 illustrates the cubic voxel in the Marching

Cube Algorithm;

Fig. 22 shows an image of the intermal structure of

a flipchip;

Fig. 23 shows an image of the bottom surface of a

ceramic plate;



WO 01/8(281 12 PCT/SGO 1 /00070 A circuit diagramof the pul se
generator/receiver is shown in Fig. 5. The pul se generator/receiv er

conpri seswa Mpgegsst ype a~ral anche circuit 300 including foquﬁyaﬁﬁégm
transi stors. This aval anche circu.~ is comercially 5 avail able. ntro

circuits 302 which control tre initial functions and increase the

performance of the pul se generator/recei Yer are al so provided. Receiver and
anplifier stage 304 receives and anplifies the sound wave signal resulting
fromreflection of sound waves fromthe 10 acoustic |ens 104. The output of

the stage 304 i sriy epad eghbos LHANHASS I ON tRe t 8 AT og0AREHEhal0N
Sof tware gunni ng of the conputer 122 sunplener_ts the functions perforned

" by the circ@tf roASHOWIFRUFRgShewnand: thi%. al2bWs:the circuitry to be
sinpler than that which 15 is conventionally enpl oyed. The acoustic |ens
103 is a glass and netallic ball surface transducer type acoustic |ens. The
structure of theriensssssbweninbgEisg.of7, chidi T é6i8rossrseehirenalk 28 vi ew
The | ens conprises a nol ybdenum_rod 200 surrounded by glass 202. The gl ass
and metal FWHELYR eFFBPtRd ARE i nterseal ed. The part of the lens 104
which is nearest the specinen 106, in use, has an indentation~204
corresponding in shape to part of a sphere. On the | ower 25 surface of the
| ens 104, includling the smnodest aheosoflaare pizmoel@ttthe Layent2066.i s
formed. The | ayer 206 may be of zinc oxide, lithiumniobate or silica. A
netallic, for exanple gold, film208 is farmed over the piezoelectric |ayer

206. The |@yersﬁ%¥5ﬁ%EhéEE%P088&b%%é%%§”d¥“ﬂﬂgkhcéﬁ%Eicnm@HESEcBﬁQteCtiVe
| ayer 210 is then formed over film208. The protective layer 210 iS a

hi gh- he® dnegs, siawmdiseiemst scahlyvf inmFigucht ah gdlsoncanerateroklgranite
formed by a MPCVD technique. . WO.01/.8628] .PCT/S 0007013 The assenbly
descri bed F& <Y é:eﬁr 2’&3%} %bp%a?aﬁng%‘lﬁg I"’-(Sjclatt%%a iB S%%USF%S %lirzp‘l‘]gr med of,
for exanpl ef cepperlskhe;desi bgrmay o, Neihude davimwas«ll - exteadi g bogl aws

214 which extend beyond tre | ower surface of the assenbly to protect the
assenbly i N:cadde I6f RHREI™ WEhSERe dSedPRA-lbaOrT aFRRNBERRF dPfect. The

ggfﬁf[hgfegggﬁy§£§dgﬂéﬂégé@¥aP§ 5@hRed Wil Rfher gQldh of e, ha 1 1,208 to

15 =acoustic lens 104, under which a sample 106 is located. A
Eransducer 105 is mounted on the lens 104. For
frequencies higher than 10 M3z, the transducer is ground
from 356°Y cut LiNbOs; single crystal. For freguencies lower
than 10 MHz, the transducer is made from PZT

20 piezoelectric ceramics. A liquid (not shown) couples the
lens 104 to the sample 106. The coupling liguid is
typlically 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 pe;pendicular (XYZ) axes.

25

The SAM uses a multidimension adjustment structure.

It 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



A coaxi al connecting socket protects the upper surface of the lens. The
di aneter of the rod 200 is less than the 15 dianeter of the indentation

20Q The spyodssy@ve produced by the lens 10a is a spherical wil |
be convergent and will not produce interferznce waves. Cbnpgyﬁﬁﬁ%ﬁpﬁ)a

sapphire flan surface transducer type acoustic lens, there is one |ess
reflection surface so 20 | osses~are reduced. Al so, because the material s
used are nuch cheaper, the cost of the lens is significantly reduced. The
gl ass/ metal structure is relatively easily danaged but this di sadvant age

is mtigated th%dgwxgs¢g I e cl aws
2la. 25 V\% %%/ 86281 13 %(f#% S%%l]; %@%g %‘ %%ct | onjtgl%r‘g%%?gn%d by the
acousti c nm cchecepe scar blpzéunmaresed as ZQEIewm51SIAREwa Pul se gener at or
produces hlgg fre uenc pul ses to excite Lh a transducer co produce the

ul t rasonic trasoHVﬁ SELEF L Fochssed By MAC RO tTVERNS a

Focussed Souqufagg@ 2R A - dY8Se O L Oatihe; sapphna randishditfs | g ted a 1=_
Ref |l ected sound u;jave received by t~:e acousti € Iens‘Representatlve

el ectri cal stg@amopapgse-dltl onethes igmérequinoeanpltiefved i ageaks wepect or and
pul se anplifier then to the ~ /D converter card which will digitise the

signal 20 ~ '
The pulse excites-the lens 104 and generates an

acoustic wave with a frequency of 25-200 MHz that is
incident on the sample 106. Due to inhomogenities in the

10 sample 106, acoustic waves are reflected back to the lens
106. The reflected waves are converted into electrical
'signals and pass from the T connector 102 to pulse
limiter 112, thence to high-frequency, high-gain
amplifier 114. The electrical signals genexrated by the

25 lens will comprise a series of high-frequency modulated

pulses.

Components 100, 102, 112, 114, 118 and 120 comprise
a pulse generator/receiver. The pulse generator/receiver
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.

The output of the amplifier 114 of the pulse

18]
ut

generator/receiver passes to A/D converter 116 via peak
detector 118 and pulse amplifier 120. The A/D converter
is in the form of a PC card, and is & high speed device
with a sampling rate of over 1 GSPS and a differentiation
30 rate of 8 bits. It can digitize un-modulated sigmnals with
frequencies above 100 MHz. The digitized output passes to

computer 122, such as a PC with PII 300 MHz processor.



Processing of the digitised signal by software to renove noi se and unwant ed
pul ses a Lens is scanned over the whole surface of the sanple 2~

hori zont a{yy/oi/d324M0 di nensi ons using the step notor and nﬁﬁﬁﬁgé@mjwﬁcanning
system and t%e above steps are repeated Display the data co ecteg as two

di rensi onal inmage on the nonitor Process the digitised data using 3D

al gorithm and vol une rendering software §9 produce a 3Dimage a END W O
01/8@&281 13B PCT/ SGOL/ 00070 To anal yse a sanple, the sanple 106 is noved so
that the lens 10a is cer_tred over a particular point (coordinate value :;

Y) . The PC cor_trols,the N D caret. to._send qut an e tcitalio:.~ signal. zt
e=;cites the el éitg’ﬁ olﬁ}E'EPtlggi EPEES ucé;l%gﬁstfﬁ fﬁ?%h‘—’%pié&tﬁﬁ $&VeThi s
e_~ci zes thejagpustdgdl ensowe phedues widiidahd reauspcy,ul krasan i c beam |1t
will be reflec~ed at the sanp'le's interface or at the unevén part within

tre sanpl ePTAFCRRLR2f 20t EdSRARy TUROtIPIEGEE 138t ROTI SE0EHE00070 wil | be
(oo e XA AL 6ol Sis 00 ISR | b S| SEiepgLenignel (o
transmi3tedhco dlherahigahsghedpadd AaRcard fgdve don-westérddiageza 5
digital signal. Then the software will be used for . ) _
as follows 1in Fig. 5. The intsgrated circuit chosen fer
the A/D card is the ADS058, which has a speed of S0 MSPS.
The ADS058 has parallel processing characteristics, and
the opposite phase function is employed to increase speed
10 to 100 MSPS. An equal tiﬁe multiple phase acquisition
technique is used. Software controls an AD9S5S01
integrated circuit to produce a series of delayed pulses.
Multiple data acguisitions replace a single data
acguisition. Therefore, the actual datza acgquisition
15 speed is the single data acguisition 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 monitoxr 124. 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 ariver 110 and scanner 108 using its parallel

output part.

38
un

The computer 122 has control of the overall system
shown in Fig. ¢. The software run by the computer
replaces many of the hardware components of the prior art
described above. This reduces the cost and size of the

30 system, whilst allowing additional functions to be
provided. The only functions performed by hardware are

essentially signal generating, amplifying and digitizing.



processing to reduce noise and to carry ouL wave inspection and wave
filtering. The A/ID card transmts a signal, which is reflected 10 and has a
wavef ormgg osheMm in Fig. 8(a). Then the nore effective wa¢glsiorbsansft orm
met hod will be selected for noise reduction. Wth Ml l at high speed
conmputation, the result after noise reductior_ is shown in Fig. e(b). Then
the Akima nethod is used to carry out wade selection and 15 wave filtering.
The results are shown in Fig. 8(c). Using software for noi se reduction,
wave sel ection and wave filtering, can produce a better effect, reduce
hardwar e and easi | yiaehievaiddrianisle drnduane fdid-erd e/ 20 <Thessiignal s
after analysis are stored in the corrputer It displays at the sane tine the
A scan wavesHsp&: ofnlt Régdsafpl e Tlomylias Qfé@tmtd%*r/é’@tqqucanéOfﬂ@é’lH@:an
and C scan _af Ssi st r.e |1, i h ca

mechani cal sfﬁs 8 gfgggn}h an'L tc‘lé‘wa"L \[IJ&C?I At %)ﬁ%cilﬁlé s%r)r‘iszl) eaﬁlﬁgg}epeat

t he above wmgjme@r&anmnmg Wilalaoeoy ditdule Xsdigeeidenialhe lens is
noved to the next position of the specinen with coordi nate val ue X2Y1, and

t he anafysiaGidfP st or i ARG8T @ﬁs’fcé’rlésr featidd chTivedaimt et 2fen noves to
X3YE ..o XnYs.e jAft ef, I n Chyld £ s fromYl
to Y2 ( and tlﬁg'%lconp%%teegﬂ'%hg %ﬁqlﬁcqf )%%%Xrlahsc%% .to%% eacﬁ 0| n¥gt he sane
testing, prp@ﬂfssﬁslgﬁj;esattomgramld’laplca:w rag-so W@'\zﬂﬁ&’dﬂGZ&l&délver and

PCT/ SGO1/ 0007 sfte S occur. § rocess is re eﬁt ed with scanning Y2 to Y3,
and to Y~=2 Nt Ageed R FACGE VG % FEdEEh 5 SOFPRe"2VEhe
phenor mno%l%a@.a%@émgi‘ti\ﬁﬁef&bﬂlVQJeftl*échli%ﬁ %L”E@'uﬂ@ ‘dﬁdxfhgs arWaergenerat ed
by an acoustic mcroscope Ts described in the report "M crowaves, Acoustics
and Scafhni ﬁg!OMSctrlosdcﬁﬁyS b94C FTh@J@mé-DU&ppéaltlhﬁgStﬁgtméMor.eedl ngs of the
Rank Prize_lntern n 05|umon 20 Scanned | mage M cr opy. The

T, T(2) cur V& ip?ra%tp f%ﬁ “?: H’é‘sﬁf‘gglerrrto 5% g‘yﬁeﬁf‘mt ujgfé quantitative
el astic prepeihi=gs O'fuxtn"i'en§p©§| e EaputEhe 1e0mpuben é&%w @m@graned to

enabl e the automated nmeasurenent of the V(z) curve. riere the Vrefers to
the video &MREMEHherereferred divchde CHECUES§ry shown in Fig. 5, and

this allows thes circuitry to be simpler than that which

is conventionally employed.

f—t
Ut

The acoustic lens 103 is a glass and metallic ball
éurface 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 104 which is nearest
the specimen 106, 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 204, 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 formed over the piezoelectric
layer 206. The layers 206 and 208 comprise an electrode.

30 An outer protective layer 210 is then formed over film
208. The protective layer 210 is a high-hardness,
grinding resistant £ilm, such as silicon nitrate or

granite formed by a MPCVD technigue.



used to nodul ate the brightness of the inmage, and z 20 refers~to the anount
by which the specinen surface is displaced f ramthe focal plane of the

|l ens. By w@h\@pdshon the focal position is designated z=0, ikdipnl-acenent
of the specinment away fromthe lens is taken as positive. The process of
the decreasing the separation of the |l ens 25 and specinent relative to the
focal distance is often referred to as dekgocusing. The nost interesting
phenonnmena occur at negative defocus and are closely related to the elastic
properties of the specinen. The elastic property of the specinen can be
determ ned by 30 neasuring the V(z) curve and using the relation WO
01/86281 16 PCT/ SG01100070 Trl here Va is the Rayl eigh wave speed, V~ is the
speed, of the coupld ngsééubdy Helstrtited rieguane ypiteced bagi patrherzest od ei
oscillations in the cure. The elastic properties_of _ar_ isotrop;c specinen
are conpl etid Y OF&SsEt B2 | 3eBOBY o 217d &seitfchto fengf e R ¥ AGPMRast i ¢
constants, r y <&, 2 t.he Young, &gy Rol = (e}
respectivefﬁf ésgﬁ%mgg%gﬁé% npgggfgmﬁé%%fg%H?b fhéﬁgééﬁggaﬁl%gie speed by
t he foldcwiclgwequatd ovhich Exehfi~Be@dhdSthe Ddwalheswerfets blietdensity of
t he speci nen. Thus, the Young&s Modul us of. the speci nen can be det.erm ned

by neasuri A§SPFLMY (G REASP &HE BRSSPI LR af @RkAGHwN WA Fast
Four i er T ahaf apiads,dier 1 9EMEE an! e ymmasier M 2 datdot probaknatata 2.

The programis 20 witten 1 n Mt . Froma“discrete anplitude plot, data z
can be obt AbnedndTe Igerfay nb¥( Zploedyeitdstihey galtde dersha0diln Récat ed
above certﬁi n _pasi ti.on >Sr\]/~o{: tge speci nen 106. The Z value, the distance
bet ween | ef§ gﬁ'&ms%@(ﬁ mencCF&° aj'usted to an expected val ue, electrical

pul sesy@re initiated, reflected acoustic signals are tested and saved into
menory. By nultiplying the phase tinme differences between the specinmen
surface and ref Pe€oak B0l sFgRARSLORT SRSKSlr PFeEedvt H1v3 WAPEE have the

sanme phase _w t-h_so og] in water, then Z, the distance between the
surf ace aﬁg'r%legr%, %l%g ﬁérg%alf%{g . The maxi mum val ue of V1 is obtained from

testing the reflected
The diameter of the rod 200 is less than the

15 diameter of the indentation 204. The sound wave produced
by the lens 104 is a spherical wave and will be
convergent and will not produce interference waves.
Compared with a sapphire flar 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
damagéd, but this disadvantage is mitigated by the
provision of the protective layer 210 and the claws 214.

25



WO 01/8&81 17 PCT/SGO 1 /00070 aCAISti C Signa' S . Usl.ng Z cs
r?Crl ZOntal COOrdl:late and V as vertical coordir_ate, pc=nt Viz1 is
pl oLCed. Wipolsehsy scanr_ed ir_ Z direction. The distance bgiveghdolioe | ens
and sp ecinmen is changed to Z2 . T r~e. same nethod as pefore Is used to
test reflected voltage JalL~ 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 |ensl¥dves to Zn, and vol tage val ue Vn
is obtained. Then on the nor _itor of ;0 conputer a V(Z) curve is plotted.
In the conputer nenory, pairs cf V (z) data are saved. Then V (Z) analysis
sof t war e i sHeniffunacteicbn STop@bf arfedepi-h tinki QRiE-GR Ak readbiiddn op=t he
sanpl e the maxi mum val ue of the signal and the corresponding time
coor di nat e SAEF*&Ed t2ockuF 5°%Fe deternined. The software applied curve
fittingz-to obtain. a snmooth curve usir_g the maxi mum point curve fitted,
and di splays the curve on the nonitor (Fig. 9). This is the 20 detecting
wave of reflected signals, also called noramt A scan image. Wth this data
B and C scan imges are formed . Wen phase information of the sanple is
needed, 25 reflected acoustic waves carryﬂhg signal s gat hered above are
used, takin ertain periods of .certain layer generati acqustic waves, as
E5IEE B e Tl LOa R PaR nE aRrE ot 1wt s

reference, o cal 6Ga

| ayer generating refl¢ipdasaustd Coyorase and Lhera9bhdicn wahes30 phase
image for this layer (Fig. 10). Wen nodel identification or |ow noise is

neededi0 a net hod, such as wavel et transforin or a neural network, is WO

0l /86281 12 PCT/?Q&%LOOO@O used to_reduce the ngée or identif,cation nodel
for the reflect e AFESTHT AT FHRaf SCYSFRErRY 5BBvVBCOWREH St HifCShas been
conpleted the A, B Gad C scans 5 will be djsplayed, the C scan inage
showir _g d~ptn of the specinen. Oiginal acoustic waves, processed pul se

wi dt h and phasessad osombdobheeln dhbipgiad omfo inHeergrmip Ihraedi ienssdhak ced
structure are saved in the nmenorv of the iPnputer. This informati or_ matr
be used for further

is Reflected sound wave received by the acoustic lens
Y
Representative electrical signal passed to the high freguency
amplifier, peak detector and pulse amplifier then to the A/D
converter card which will digitise the signal
20 U
Processing of the digitised sigmal by software to remove
noise and unwanted pulses

U

Lens is scanned over the whole surface of the sample

»N
i

horizontally in two dimensions using the step motor and
mechanical scanning system and the above steps are repeated
U
isplay the data collected as two dimensional image on the

monitor

yej
<

U

Process the digitised data using 3D algorithm and volume
rendering software to produce a 3D image

U
END



. function an

10 processing, conpleting nodel identification and threedi nensional

i magi ng. The results will display on the nonitor with manuscript, data or

i mges, orweaygsdsp disk, CD or can b a printed out. 'S Sinkquc%gmﬁgg
scar_ning image formati on system the imge formation procedure I's based on
the cor_volution of the objective function and.tha point spread function of
the inmage formati on system Due to the fact that we are aimng at 3D i nage
formation, the SAMs imge fornmation 30 egggtion is as follows: Ua~~-~.~)=
~~~h~xwyo0=0) R( ~s- *a~Ys- YoZs- Za) ~odyo~0 y ere h= point spread function of
.image formation system 25 R= sanple's reflection coefficient. The above
equation is different fromordinary i nage formatjon equation. The usual

equati on oMYy Fohsierd EABP2D: sCaf SRTEHRE pridhel Bl BIGEEh8 s ARpFetsesdiface

and 0 1reaisJ MgG-doL FBAT 0DPY ACBASraS NG FR COANVALYLLARAGL St hg 10l qotive
the i mage systenmlis point spreadfunction. In reality the

acousti & | ens. note ont ycbasr8Dsabier af/Doraind tdre dwnd zont aknderedteodpni n
the WO 011,86281 19 PCT/ SA01 /8007 depth direction also _ea'. sts_gne
ef fect of PFFIR&E sprlead aubSEotrEalt-PEN TOM oM (T BiETt F P cBFOSFSEeif Bulse.
This 1S al 3@ dydies obuaberrahi e thakd the Wrd®se et Yenkl t8 BY¥8EERL -
possesses a aberra~.' _on. hence the s-:scempoint S spread function. Is
a 3D fur~céHgh Heguemge ulbraachon bgeat.i it ivwlthé8D-ebheotadi sk _toe the
3D poi "~ spread ﬂunctign and t he ogjggtive Ryr c~%:n. qiéigg scanni ng, the
i ndependent &%l FE50T2Y6 8F e®hut Ofat ATV Fhe el T et tﬁéevaﬁpggg'sent
fromthe traesducEredtdd P&ve0 the one D convolution of the sanple' s
reflected function along the depth and the pul se reaction of the inspection
el ectrical circuit. During B scanning, one o~ the independent variabl es of
Xo, Y~ (e.g. Xo) wll be automatically cancelled. The output of the
transducer output a? ong ti nme (or al or_g z) and y will be the 2D
convol ution of the pul se 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 i mage
formation, the independent variables Xo Yo Zo all exist. The spati al
distribution of the transducer output is the resulting 3D convol ution of
the 3D point spread function in the broader sense h (:~0, yo, zo) and the
ob | ective function R (x5, ys, zs) . Beside this , the nultiple ~0
reflection of the sound wave during nmeasurenent and the regul ar ref
| ecti ons caused by the existence of the non working nodel of the |enses
al so have inportant influences on the inage formation. WO 01/ 86281 ?a



PCT/ SGOL/ 00070 The aJJC~i ~ ~T_lalySIS 1S th th20retlcal baSIS O tre
=esearch in 3D inmage formaticn. I~ is pointed out here th&@ in general
~.:Itrasgﬂéﬁugﬂ§pection applies to the interior of the sapprg&o1/ddo® poi nt
spread fu Ironr_ot cnly deper_ds en tie frequency, but is also related to
the transducer structure, type or coupling liquid, sanple material, shape
of the sanple and its depth. 10 In the pkésent system the scanning of the
ul trasound beam along the x,y direction is acconplished by mechani cal
scanning. The z a_tis scanning is acconplished using scanning fromthe
accunul ati op; 9§ HLMRecl LSy tih LR RITE S il ent ; AgCHLa7S Aatded ~

acqui sition, one needs to sati's=y sanple acquisition theorem To enable the
results of ditboaegersirticad tsodrelcl (Gse showreald t§igone) neadseas nany

acqui sition, points as.possible. That is, the data sanpling rate of the A/D
card nust 5@8%%lﬁ%§ﬁ%é§npo§|ﬁﬂ5§glﬁﬁ9§4Mﬁﬁg* tﬂ%ffﬂgezg%ﬁﬁﬁ&%ﬁﬁﬁﬂ
recovered aféetnhdi gitirsatichn spedie 9D 0% o dhecavyetoed ahdde ori gi nal

signal . According to the _sa Iing t heorem acquisition tinme interval Ot T
< % fnd tH1S1ERE PEBPRAN FRSTheDa GvEsiamiceqlichkyPan®agdt Be@Tacqui red
signal s or ﬁ@e&é‘éﬁngcﬂ‘cﬁ! Hel %’I%'e'bré%dr 3Le cfa&lﬁf’ Syt va‘%_- > 2 fn. Tn the
appl i cant EXpEeri ence, in order to obtain an acc ral & WAVE&torm one needs

fs > | 0fh. {khepdéDioar dndcouaivel tfiidnesdmpl.i ng rate is fs > 1GSPS. Hence it
is able to performaccurate acquisition of ultrasound signals above 100
MHz. 30 During even higher acquisition rate to acquire data, the data

acquired wll o y e pace, r onge I ng
e, Fortunat el Jothar. Covd OFPBCIBLE PerT SDL00000 A1 Samberarron spand.
st or ageCancsdfihawmre wWevelfolras alseshogontinn¥ogs| 8 (aicr eBlséngthBy moaes of
eaanpl e, s | e_jnspection i__ 11 _no~.a descri.bed. ring the

sanpl €' i ns ?%ﬁ}v%rYévﬁﬁﬁgegkﬁﬁéI?ﬁprsgﬁﬁgpY _§§ﬁp§%£gfﬁﬁg éﬁfd adds
the coupl anfoiddepsdhetPenantisaf Maanea tahne ghhishedld sathpJbhgrh BEPEEHON
frequency, 10 scanning linit, speed and acquisition depth are sel ected.
Wien the i rr&PeEt i dhtAASROLERt §§IUCRECBOABUSEOWEN i3t B2 | B (BhoTTherhe ~
scan wavef qr. 2 n.enl.arge.ar Lequi..e c~l L he_waveform
to see the%d{e% a%}?isﬁgTﬁggﬁggcé% &g\?gf grgmeéﬁ(‘)%nggr%' t a?%é%lfgg{:ééni &§%§iven in
Fig. 15511waeiffltéeingspenki ersulbe AracghowavdipFiands{ypi cakidat a
will be shown at the_| ower part 8f the PC nonitor display (Fig. 12). The
upper righ§ﬂ£ﬁW§¥ﬁ1%@rtﬁ@l e reduction, wave selection and wave

filtering, can produce a better effect, resduce hardware

and easily achieve ultrawide band wave filtering.

20 The signals after apnalysis are stored in the
computer. It displays at the same time the A scan
waveshape of the sample alopg its depth direction, and
the B scan and C scan after processing. The software will

excite the scanning mechanical system to move to the next

)
n

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 X2Y¥1, and the analysing and storing

30 steps are repeated. The sample then moves to X3Y1 .. XnY¥Yl.
After finishing scan of each line, the sample moves from
Yl to Y2, and then completes the Xn .. X2 X1 scan. At each

point the same testing, processing, saving and displaying



20 PC display will show the B scan image and the upper left portion wll
di splay the C scan image. The typical results are shown below. Fig. 13

shows t hew@ &gl mage of the internal 25 structure of thep(F JRNer
triode tubes. Fig. |4 shows C scan inmages of Flip Chip's ayers at
different depths. 30 Fig. 15 shows C scan inmges of the bottom | ayer
structure of the netallic ceram c base phate. WO 01/ 86281 22

PCT/ SGOL1/ 00070 Fig. 16 shows C scan inmges cf the ceramc netallic welding
structures of the three different sanpl es. The sanple after dissection

confirns that eqa{_)ﬁe g f h.pL Ny, The

I mges show ﬁ#-{ ﬁ s;gt%e can ?Cg{og :3% ?e%o‘ﬁb %t s?uﬁ?’é?:feé)sajrrp es. The
software forys3SF.dv& SB wat ave suaf zattd o&acclanvé)&eellufded R wWid 1t hveen

nodul es: preprocessi ng of data, projection, and drawi ng and display. 10 1.
PreprocessifRf datd?fter standardi sing the data, one follows a fixed fornat
to store them and perforns preprocessing on these da~a. 15 According to

t he inage formati on of SAM one needs co performthe follow ng

preproceéssi ng stBps IbleénoemtEhﬂ@qom; gaty i gl ansforimmaveh. taroclEghmianati on of

fixed pul seedz O usin - ; -

g a wave generated by an acoustic microscope
is described in the report “Microwaves, Acoustics and
Scanning Microscopy” by C.F. Quate, appearing in the
Prbceedings of the Rank Prize International Symposium on

20 Scanned Image Microscopy.

The V(z) curve is applisd, in the present embodiment
to evaluate gquantitative elastic properties of the

specimen 106.

The computer 122 is programed to enable the
automated measurement of the V(z) curve. Here the V
rafers to the video or envelope detected signal that is
used to modulate the brightness of the image, and z

20 referxs-to the amount by which the specimen surface is
displaced from the focal plane of the lens. By convention
the focal position is designated z=0, and displacement of
the speciment away from theilens is taken as positive.
The process of the decreasing the separation of the lens

and speciment relative to the focal distance is often

[ 18]
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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

1}5

Valz) ="l ZfAz



The acoustic lens after high speed pulse excitation will produce a series

of useless fixed pulses mxed within the reflected wave signal. This fixed

pul se hasw@ohf26l | M nated during data preprocessing. Figd.pdréddysmpans 25

t he usel ess fixed pulse of the lens and Fig. 17(b) is the A scan waveform

that includes the usel ess pulse. The A scan waveformafter the elimnation

of the useless pulse is shown in Fig. 17(g). 30 The techni que of wavel et

transformis used to elimnate the useless fixed pulses. As the specinen is

raster scanned, all the readings can be arranged into a straight line and a

one D wavel et tranpsform perforned onlthen1 To WO 01/86281 23 PCT/ SGO 1

/00070 do this tHBSFEaditngs Adifuited F1%m Yhes P I8 J6° be”St8P8G%in tre
conputer’ S BRMRRY EUﬁﬁlinéﬁf@ﬁiﬁh:%higﬁE%EeErEhﬁén%§C%@d”KECE@Ctﬁéng

| ,~rill then be percrméd on them The program perforns one D wave~et

. trar_sform p8ranpl PEuds aihk bshbbdbngnahder suonstr Gbei edaissiarricten suing a

C =-~- ccnpi_er. Lnatr~L.%E$ro%rgnb the _uaar scaling function and wavel et

are used. TREPPEEeaFSnGTcs¥t f1ePenPE-Forhed g FESpEEIMPYEFi 1 er banks

The sigmal snaRkessare Msasl, aswbhenkiepshasat ehgseakirAad wictdwoneto

coefficients. For scales high enough the sanples serve as very good

appr oxi mat i onnsbathe,f neste et Eodndcal | hjeukouhgon Modhfius emtds. This is

apparent to_the &ar sca ~ng function as it is a step function. But it

p
apnl ~es to BPhEFORaR FRdd DITSTRFFRGVELHCt FBRSEs TWRI FORPRENE SardF 5 four
functions ipeiREEIPERIRHE ANP1 8 g¥hichet @804t Be YRXEFBE 1hanRf orm of the
signal. One does the anplitude threshol ding. The | ast recor_structs the
si gna? usi ngathtiget of |ower scale scaling function coefficients and al
the other sets of wavel et coefficients. The menor:t~ 20 allocation of the
arrays and display of results are done in the main program The procedure
for renoving theEHSHlesﬁpﬁm*eﬁ—EgE%? is shown in the flow di agram of
Fig..18. 25 b. Reduction oﬂlﬁbf i dth The sanple's surface and the
interior delamnation's surface are very thin boundaries. The ideal form of
30 reflected soupnd signal, fromthat surface_is the f puls 3ut que to the
im tations of tRASBPAAt AonitTei TE0r L pantui Bt nSPERERFES | GBESY fiiSe has a

(fixed W dtHcaagshoMBaN e bf | 9ha) spd@i ¥R EQABLENEE e ORERGAN Pise Si gnal

1 measuring Vz 1f the density and the Poisson’s ratio are

[$3]

known.

A Fast Fourier Transiorm 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 106.

The Z value, the distance between lens and specimen, is

N
[¥]}

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 surface and lens, is obtained. The maximunm

value of V1 is obtained from testing the reflected



V1' 0 01/81r281 PCT/ SGOL/ 00070 2 ~. processing to conpress the sicnal's
pul se width. The result after conpression is shown in Fig. 19(hl. e.

El i m nati QOE& &Hﬁti refl ections The ultrasonic wove can pegdd¢ogodtkd Li
reflectio 2¢ikeen the two reflectir_g surfaces which have hiah
reflec~.ion coefficients. The adding of these nmufti reflection pulses to
the reflected pulse will cause ghost imges, as shown 10 in Fig. 20 (a)
The first reflection in the ffigure is the reflection fromthe sanple's
sur~ace. The secor_d reflection is fromthe i nhonbgeneities within t?"_~
sanple. The third reflectior_is.the_second reflection fromthe sanple's
surface. ThRSOMELIECHS S dver | UBSRdi EheEnBCTS ZP8ERdc G $ 7T Ehdndalpl e' s
bottom fornyag S=d 1BEeSraFh8re20466) nsShows t S$Ha. & ey i has
ghost inageg%gcﬁgggaﬁ fO||O€lt£tgﬁﬁOMFEéae g acgﬁs Hbs,“to'?'e%r?%ggthe
posi tion of sthenedf iectZdipeakt and .t ika dnvesnicgabe tivedrhetrevkese and
direction, tg elimnate HHQSGA%O Le %ec;gg Egak whi ch have grater .

i nfluence, SRACEATE 15 Miate the nfifti “7&f PaEE BFSEF &5 20t b9 antS(d)
show the A gean aedtCsscarefnagesdabbetatbevauliti veflegid Dix ex2 m nation.
25 Besi des the above processing nethod, the traditional nethods of spati al
filtering (E@éRtad2dverieyc-Rett uelPEFedri REcafdived Leasue Fitheri agyial so
are effecC Pr.qj ect i : Propection,ks:th I vj sual i zati on
technology.¥$ﬁ3asps&a ﬁgé%$%%§€ 8§h%88% dg§a1%eﬁggé§n%%§tﬁép%%eld of 3D
scal ar fiel gdrbeelnekody Sepdatedi ehdiVishal Lzaki abvesWRD1Z:86281d

PCT/ SGOL/ 00070 25 can _be divided into the categories of section surface
reconst r uct VBAL286uYP WAR U stf f eekavietial P28R) BR &RE¢ MRREHhavwwhg
technol.qgy, ¢ %ﬁ‘ce‘io ShAghi RG PGS DIJRIdLN F,250,€ é&ﬂnﬁfcfe‘rc'm%%o%\ﬁf and

t he selection equal value surface “visualizatior_ techr_ology. a. “Equal
val ue surfapeivssodl Vzati datk. rrEquEvadal esurt kde ars: lay sks | esfovaspati al
curved .0 syrface§" Igﬁ}function F(x,y,z) on the curved surface has the

gi ven fixed*Vafttd" &I n the spatial graph, each

To obtain depth infcrmaticn for each point on the

sample the maximum value of the signal and the

=
(53]

corresponding time coordinate at which it occurs are
determined. The software aprlisd curve fitting to obtain
a smooth curve using the maximum point curve fitted, and
displays the curve on the monitor (Fig. 9). This is the
20 detecting wave of reflected sigmnals, also called normal A

scan image. With this data B and C scan images are

formed.

When phase information of the sample is needed,

reflected acoustic waves carrying signals gathered above

18]
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are used, taking certain periods of certain layer
generating acoustic waves as reference, to calculate the
vhase 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



poi nt preserves the sanpling 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 wgliygesisurfaces 15 =ormed by all the poi nts sFtpdréorofer?)  F
(x, y, z) =Ft } . The surface reconstruction nmethod 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 tyge 2U of sectional surface
reconstruction nethod. 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. Wth the increase i,n the capability of the PC, have
selected t A& Sbrie? e’f?gbﬁcie\/é: FEHISTy C8uE S35 8 Gt 1 P F‘Bd@)}tg& tdfual
val ue surfacg £yl c M ChisRG Cube A G0Qr iskimahhe g%ﬂk?élﬂ@dogb%iv%g.l e scan i mges
into layers of inmages 30 of the variouslayers of the specinen is a
necessary step towards 3D volunme rendering of imges. The Marchi ng Cube
Al gorithm uses these |ayers of .images tq stack .themup to form 3D inmages.
WD 01/ 86281 26 F?%‘r?%egil Fo%ﬁfo%‘cﬁi#“fgea?gag Higydri thnfie FefFédént ati ve
of 3D dat afiiiel band: ypeaedf I thellti 5che daRAthfAUL ¥aRRHSUWEYRGR
technol cg~r. The usual "al gorithmto process pc~iti-~e 5 data field, can
be represesratidRen F-OF1giaR(x20PUsSERF MRVES,- INOCESIsedNPuRsE, widiR) | n
t he Marchi e al gori-thm .vaoxel -ig ' ; ding_to the
ogic. It P et DPRERETRCIPICE fa? BULE AV SLAEAELTLAGLE
dimensional structure are saved in the memory of the

computer. This information mav be used for further

10 processing, completing model identification and three-
dimensional imaging. The results will display on the
monitor with manuscript, data or images, or save in disk,

CD or can be printed out.

Similaxr to any scanning image formation system, the

}2
ul

image formation procedure is based on the convolution of
the objective function and.thes 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

20 eqgquation is as follows:

x z rer
Ua(32. 24 20) = [[[ A0, o 2)R(5, = 5.7, = Yo-2, = Zo)dedyodzy
Where h= point spread function of .image formation system,

23 R= sample’'s reflection coefficient.

The above equation is different from ordinary image
formation eguation. The usual equation only considers the
2D scan of the probe along the sample’s surface and

treats image formation process as the 2D convolution of

ts)
(@}

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



fromeach of the two neig?zbouring |ayers which forma cube's eight
corners. Is shown in Fig. 21. This alQOithm processes all the cubic

I t
voxel in\?a%lﬂé%ﬁ 15 field. First it carries out classifi ¢patisediedo7é he
corners of a cube. It separates out the cube which intersects with the

equal value surface. rromthe classification of the top points, one

est abl i shes what that cube occupies in thesindex within the search and
classificatior_table. 20 A search is carried out on the distribution nodel
of the corresponding equal value surface within the classification table.

One uses i ng | atsi 0 e _the.i.ntersection paint of th | val ue
surface and&gﬁgﬂbgéﬁ'ar%g%ﬁogﬁgheeéﬁgég E§6n§fﬁ€%§of?é§%6ﬁﬁrnagﬁggi i ons 25
of each of t@eecebnarszofitheitrubetandetbecequall walstewusfince,. ongsuses
the intersection point of the egual value surface and the cubic body edge
and fol | onsid PLREd & 1¥PE0Cf oFREEPERABRT OF RRENE Seqidl WAl bidtgur £&ce cl ose
tothe triangutan pllssbe NS Hes LAt SLPOLRLIAr O S0scahclale the
val ue of the normal vector of the corners of the triangular platé. 3.

Dr awi nG3andsdrsplayfunchCiOd/ 88281327 LRCTL SGOL/ @067 mFgen LHhr@_taobODLlI a= 3D

i gh qual | 159PE RGeS aens O COBIADF FPesSEhRRr 45 Ly aRBEARGDl ay
i gh qual i r . n> L8 s ra;”, g-a pl ay
Dr OCedi . ~~2¢uA&c t BANSTA MEhE ~B8bYkeWSvEakTadchonT Bu®ing A scanning,

the independent varizbles X., Yo are automatically
cancelled, the voltage sent from the transducer will be

=0 the one D convolution of the sample’'s reflectsd function
along the depth and the pulse reaction of the inspection
electrical circuit. During B scanning, one of the
independent variables of Xo, Y: (e.g. Xo) will be
automatically cancelled. The cutput of the transducer

15 output along time {or along 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 variable zo i1s automatically cancelled. The distribution
source of the transducer output along Xo, Yo is the
convolution of the point spread function h(Xo, Yo) formed
by the aberration of the acoustic lens along the (Xo Yo)
direction and the objective reflection function. During

zZ5 3D image formation, the independent variables X¢ Yo Zo all
exist. The spatial distribution of the transducer output
is the resulting 3D convolution of the 3D point spread
function in the broader sense h(Xo,vye, Ze) and the
objective function R(xs,Vvs,2s). Beside this, the multiple

reflection of the sound wave during measurement and the

(V2]
o

regular reflections caused by the existence of the non
working model of the lenses also have important

influences on the image formation.



S nodel, the projec~.icn ar_d visualisation region and sinplifies into
speci al usage transformation coefficient, the elimnaticr_ of hidden
surface piabbpssss automatically conpleted by the ir_terfagersd¥hshoro
wi t hdrawi ng cl ose up equal value surface triangular 10 plates, It
si mul t aneously cal cul ates the vector quantity of the corneas of the
triangular plate. After introducing in il2@am naticn processing, then one
can obtain the real ef Tect 3D images. 15 Utrascan - 1 software's
vi sual i zation portion. and di splay nodel posseses good interaction
properties. The paraneters of view ng ar_gles, sanple position, licht
source position can be conveniently adjusted. This enables good quality 3D
" images. 20 4 The rasuldiscof thelsppki dat thr ohewvirsttdlcizzatdan & echnohegy
Usi ng the above viggalization tgbhnolggg, one _can 25 display the 3D inmages
. of the strucBBFBECdf thelBanPres. TRFPet1o3: 23 ARdP2L7&K6W THagRSTBr oduced
af ter 'nSpeQEéEPiﬁfg%ﬂéiQth@trﬁgbﬁﬁbCiQ@%@ch@hea%EQi%@VﬁBCcﬁé'Ck- A ~P
30 x 15 mm al um nium sanpl e was al so inspected. 30 The result Is shown in
Fig. 25@a).iTherverticalcecsronles .t Ahespapht sprgeilt uniition Soet
nulti-reflect#gnégand usel ess. fixed gulse i nfluence,w sent .. During
6

[ 1 )
the V'O 01786382 D6 Seln) bOBFB HA 4 BIEpF BeatErng S T Rbet et Fact or s

have to be cehhpiinated snchatseepneypeeds toupdimgessqiuhe pWspweder as a
preprocessing step. Then one can obtain the equal value surfac . The 3D

i mge oz theEEaHPRE i ShaRmnCE EReFFgmrde eRf itsofieRbPe is witten with

Vi sual C++. The operating systemis Wn98. 10 Software functions: main
dialog, file, view and test nmenu. Also including position process, file
savi nglonechani cah shan parskenat asgoterct thgastannbhgobrsik@gral process and

i mage process, etc. The nmenu structure is shown in Fig. 26. 15 1. Under
mair_ nmer WSLlEFRECURESOSEAM et @D FBE pXsYibAEhECt 20N UAdeA CRAWR SRR new,

open, printy.,SAyenand i ts SURAERY. §heU9d§£i£e§&aﬁﬂ@H§n&:s system setting
and start subnenu. 20 Testing paraneter are set and start scanning. Under
side is A ssepciphjehsadd wpbey fetnnindeifgm Cheanccwmgéatupgperofi ght side,
is B scan inﬁgg. ¥Qeng&££l§%isbp eneg1ygge! t@eafélg nen%;tlpere are file,
test, edit, Vie, |n§ge, Wi nAow, - %?p and %5?%|sp a? gubnefU® Under the
edit subnmenicghiisetian bertophedds Undlesa el spy ayamvbaeadgutikare & e
functions such as: grayscale, inverse grayscale, pseudo color, zoomin,
zoom out andReR¥eN - URGeehakife SH®rEpsHlihetl AR fRRELLEAS QR FQPe

iG'rr;g"e_“ate fdxede A5 08La 130 2dEe PULESVE tfhn ANt X1 E2LE oS Yd MRSy AP

possible. That 1s, 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 as close to
the waveform of the original sigmnal. According to the
sampling theorem, acquisition time interval A t = < %
fh, fh is the portion of the highest frequency among the
acquired signals or A/D card acquisition sampling rate fs

25 = 1/ At > 2 fh. In the applicant’s experience, in order

to obtain an accurate waveform one needs fs > 10fh. The

A/D card acqguisition sampling rate is fs > 1GSPS. Hence
it is able to perform accurate acquisition of ultrasound
signals above 100 MHz.
30
During evén higher acquisition rate to acquire data,
the data acguired will occupy greater storage space, and

reeds longer processing time. Fortunately, the



Advant ages of this enbodi nent of the present invention include: WO
01/8&x81 29 PCT/SA01 /00070 1. Increased data acquisition rate of one A/D
card to syg el that it can accruire in real tine the f an
un-nndula?ggogg$$gcted wave. The function done by hardmareP??Mg%ﬁgﬁygted
bar sefL~.vare 5 and nore fur_ctions are added. C scanning S~! with single
functior is changed to nultipurpose S?sMywmth A B, C inmage scan~and

t hree-di nensi onal inage functions . It is also phase S3.Mc~ri th sof tware
to test the phase. 10 2. This equi pnment can do analysis with
mufti-parameters tq conplete _the characteristic ar _d nodel jdentification
SP1 15 MmRAGOIP UG TRF 0T oatdnt FEAEFVE RS RS SARF Saridt Vot nh=8abfBRent . 3.
" Wth advar _cedgnhanaesh fupgti-aasiphar dware such as 15 oscill oscope,
modul at or and vi deo frequency anplifier are omitted. The hardware structure
is sinoli=ied a lot, reduced volunme, weight and | ow cost and price are
benerits for exhg$din this IechqglogLeswanq ectui_pnent .. - 20 ?. . Thi s
equi prent wi th moie “§of t War 8T 8P 5y e SFIFBXEbIFE SATY " Ehdibt &: PREK8Ssi ngl e
functional fJ=sed ie@d pment devel oped according to the requirenent of

cust omner. WO 011 86281 30 d ai ns PCTI SGO1100070 1. ~.n acoustic lens for
an acoustic mcroscope, including __ir_ner netal ~cc_ Lion and ar_ cuter

. ir
o a5 POrY | Oonghle, QU gl 255, PRLELTL OO A L 2oL Q0987
onto the sample stage and adds the couplant. Then the PC
and software are initialised. The inspection frequency,
10 scanning limit, speed and acquisition depth are selected.
When the inspection has started, the computer display
will show the A scan waveform. Also one can enlarge any
raquired section 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 BC
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. 14 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.



2. ?fin acoustic lens according to claim1, wherein the 10 i nner netal
portion has a concave region at a position corresponding generally to the

openi ng i (g éwedsit er gl ass portion. 3. girl acoustic |ens gegeselidighot ©

claim 2, wherei~l a 15 niezoel ectx=c saver is fornmed over said cor_cave .
regior _ . ~-_. An acoustic ler_s according to claim2 or 3, wherein said
pi ezoel ectric | ayer conprises one of zing,20 oxide, |ithium niobate and

silica. 5. An acoustic lens according to claim3 or 4, wherein a netallic
filmis formed over said piezoelectric |ayer, so as to forman el ectrode.
25 0. An acoustigc,lens acgordng to claimsS, wherein the netallic film
conprises gold. ¥192ftA &86Ust i G FEAHIWiTy TRE cFaFARSCores2 Lifer i n 30
a protective,dpyehgi stLoeiRd Qveyr S8l d1Btal 1410 4 &Y P-01/ §6281 31
PCT/ SGO 1 /00070 é? An acoustic |ens accordind’to d%%?n$%¥¥Qﬁerein sai d
. protective sayeleiafnehi ghsis@cdrcassdnfimmucihags shéei gbovenitnegee. 5 9. Fn
acoustic |lens accprgiggato any .an of clainms 1 to 8 mhereig a ? otective
housing i s Provided for 288 @ odt'ér §I™dss porti _.ejfﬁaﬁﬁsaé G4t ~&2Fens
accor di Bg thanyyonemotasl ank® Lnspek® Yonmeaneiduthe-gl asspard nmetal of
the outer and inner portions are fused. 11. An anal ogue to digital
converter for an acoustic mcroscope, including means for perforing
muitiple 15 phasg, 2cgykslblan s34clabNal %A1 G414 e P2IPLLR0.L8! B! S
divided into three modules: preprocessing of data,

projection, and drawing and display.
10

1. Preprocessing data

After standardising the data, one follows a fixed format

to store them, and performs preprocessing on these data.
15 According to the image formation of SAM, one needs to

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 2
scan waveform after the eliminaztion 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, all the readings can be arranged into a straight

line and a one D wavelet transform performed on them. ToO



12. A pul se generator/receiver for an acoustic m croscope, including a Marx
type aval anche circuit 20 for generating pulses to be transmtted to an

acoustic wengsemd anplifier means for preparing received pes&s1f08670
anal ogue to digital conversion. 13. Apparatus for producing a simlated

three 25 di mensional inmage of a sanple, including neans for obtaining a B
and .C scan image, neans for slicing the §3and C scan i mages, and neans for
produci ng a three di nensional volunme rendéring of the sanple. 30 1~.

Appar atus according to claim 13, wherein the Marching Cube Algorithmis
used to provide the three dipensional, K volunme rendering of the sanple using
the sliced BahBle §88n GRGERIS 29D D3 B6DBAT 3R PCEA "0O079 28,

Apparatus f of: JRASULLNG HDC ShASIAL PLORRI-Y £rr8c9amRle, 10 i ng an
accu=sic lens, neans zor varying the distarnce tew ~e=f _Tile acousti c 1
e:~s and 5 waes$ahpkeanaibnearsd foenoresig iwiplt baeX( De cpwofwedt be
sanpl e. Io.aﬁg araﬁus acccrgigg to clam 15, wherein the elastic property is
det er m ned g TRE PHCRTTRLID FISH W B)wavedeL, transtonpy ~ )
5 amplitude thresholding and resconstruction is wricten
suing a C ++ ccmpiler. In this program, the Haar 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
10 coeificients. For scales high encugh the samples serve as
very good approximation to the first set of scaling
function coefficients. This is apparent to the Haar
scaling function as it is a step function. But it applies
to other families of scaling function as well. There are

four functions in this program, two of which to do the

~
W

wavelet transform of the signal. One does the amplitude
thresholding. The last reconstructs the signal using the
set of lower scale scaling function coefficilents aand all
the other sets of wavelet coefficients. The memory-

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. .18.

()
41

b. Reduction of pulse width

The sample’s surface and the interior delaminaticn’s
surface are very thin boundaries. The ideal form of

30 reflected sound signal from that surface is the £ pulse.
3ut due to the limitations of the electronic circuit
bandwidth, the reflected pulse has a fixed width as shown

in Fig. 19(a). To overcome this, one can use signal
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filtering and mid value filtering) also are effective.

2. DProjection

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
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body drawing tschnology, after considering image
formation result and efificiency and the selection of

equal value surface visualization technology.

.

a. Equal value surface visualization

An equal value surface is a series of spatial curved

10 surfaces. The function F(x,y,z) on the curved surface has
the given fixed value. Within the spatial graph, each
point preserves the sampling value F(x:, y:, zx) at the
graphic unit (x:, vi, 2x). For each given fixed value Ft
the equal value surface is the series of curved surfaces

formed by all the points sFt={(x,vy,z):F(xX,v,z)=Ft}.

'_I
ul

The surface reconstruction method has been used as a
way to extract equal value surfaces. It uses the boundary
lines of the sectional image as the basis. It is a type

20 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

algorithm to extract equal value surface.

ta
Ut

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.
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In the Marching Cube algorithm, voxel is a cubic body
10 according to the logic. It is formed by the four pixels
from each of the two neighbouring layers which form a

cube’s eight cormners. It is shown in Fig. 21.

This algorithm processes all the cubic voxel in cthe 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. From the classification of
the top points, one establishes what that cube occupiss
in the index within the search and classification table.
20 A search is carried out on the distribution model of the
corresponding egual 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

of each of the corners of thne tube and the egual value

[
wm

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 interpolation to

30 calculate the value of the normal vector of the corners

of the triangular plate.

3. Drawing and display
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Using the above visualization technology, one can

25 display the 3D images of the structures of the samples.
Figs. 22, 23 and 24 show images produced after inspection

of a flipchip, ceramic base plate and ceramic stick.

A ® 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
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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. 25.

1. Under main menu: 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.
4. 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, £f£ile can be
copied. Under display submenu, there are functions
such as: grayscale, ilnverse 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:-
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5 and more functions are added. C scanning SAM with
single function is changed to multipurpose SAM with
A, B, C image scan-and three-dimensional image
functions. It is also phase SaM with software to test
the phase.

10 2. This equipment can do analysis with multi-parameters
to complete the characteristic and model
identification. SAM is made as a king of guantitative
testing and analysing eguipmsent.

3. With advanced enhanced functions, hardwarxe such as

15 oscilloscope, modulator and video frequency amplifier
are omitted. The hardware structure is simplified a
lot, reduced volume, weight and low cost and price
are benefits for extending this technologies and
equipment.

20 4. This equipment with more software is more flexible
and extendable; make single functional fixed
equipment developed according to the requirement of

customer.
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An acoustic lens according to claim 2 or 3, wher=ain

18

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
6. An acoustic lens according to claim 5, wherein the
metallic film comprises gold.
7. An acoustic lens according to claim 5 or 6, wherein
30 a protective layer is formed over said metallic

layer.



(109B%: ()-Y q s (L0%& ()-Y Os (10%:& ()-Y F"10%& ()- 9IMLO% & ()-
109 & ()-Am [:bUs10 r'*g 10% & ()- ,S$HLO%R ()- BW s$#10% (\& ()-

@ 10% & (lyg pRel0% & () 'S M 10% & (). VU109 L0%E ()pepscoymmn
1098& () - 10{ 10{ 10( 6#10% & ()-3 i>3110% & ()- /| 10%& ()- TN
@HL0MBE ()- <SHL09B& ()- 1098& ()- 1098&' ()- S 1096& () -

| "1098& ()-xDs|[:vU410 ' mlO%B& ()- @RIOYBE ()- $10%B& ()- @L0%& ()-S
d>@ 10% #9& ()-z @OY8& ()-<j 7k|[:vUAL0 Y ~91098& ()- 71098& ()- |

| 110988 ()- 3.2"10%& ()- G3.Z" 109%4nT& ()- S)@0% &'() vUA10 Y 10% +$

& ()- 9 10%+3$ &Aﬁ)acégg 1P %é@s]é) 302 Ve S égé%ﬁ i Y§° n sald

T1008& () -k | [ voa10 10% B4 & ()-F 10% +
t) &l 109%-$&' () - q&rdmmﬁr\é) 1ayw0%s+$~. &gk rrqmpe/wlﬂllml ema% E# & ()-f
10% +$ & () - g P& Y 10% +$ & ()- WO 9A0% & ()- ! 109638 ()-
Nor mal " "Fbadlngsi T T P& diEG 23] ¢ " Headi ng 33]c" "Headi ng 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Eefault Par agr aph Font 87Kz% , E2c8>El MJ V[ Yagznt ) {" yb(/8UJACRUat =8?| T
5. An acoustic lens according to any one of claims 1 to
8, wherein a protective housing is provided for said

outer glass portien.

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
microscopre, including means for performing multiple
15 phase acquisition such that the effective sampling

rate i1s increased.

12. A pulse generator/receiver for amn 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 14. 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.
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A))

15. Apparatus for measuring the elastic property of
sample, including an acouszic lens, means for

varying the distance becwaen the acoustic lzns and

mn

the sample, and means for measuring cthe V(z) curve

for the sample.

16. Apparatus according to claim 15, wherein the elastic

property is determined using the relations

10
174 !
z =r/ - _ 0 2112
Va(2) =Vaft-[1 2fAz]}

13 where Vz is the Rayleigh wave speed, Vo is the
couping f£luid speed, £ is the frequency and Az is
the period of oscillations in the V(z) curve, and

) 1+ 2 .1
=21 Y Ryt I
E (+1/)'DR[O.87+1.12/J]
20

where o is the density of the specimen, v is the

Poisson’s ratio and E is the Young’s Modulus.



