PROCESSI NG OF ACOUSTI C M CRO | MAA NG SI GNALS PCT/ USA / 47733 CROSS- REFE

TO RELATWO 02PRYISEATI ON [ 0001] This application is a utiliPGI/HBHHTERL o
based upon, and deriving priority from Provisional Application Serial No.
60/ 248,138, filed November 13?“‘2%6’0“%@?’”@ owned by the owner of the
present appl i cati oprpBOBKERBHNAN PRECEMENIOGONCAUEIIR] I n a standard
scanni ng acoustic mcroscope, a target is scanned with a high energy

nul ti - megahertz acoustic beMiFRG NG ¥ONHeY t z rates. The beamas it
passes through or is reflected fromthe target is nodified in anplitude
and/ or phase. [0003] The target may be inspected at various internal
interfaces for def emsmwﬂﬁ@mﬂﬁfﬁg%ﬂoﬁlppropri ately
time-gating fl.ected f.ractiql - i | Wi eetis fr@at € del ay
represents a[ﬂﬁ'i:ﬁp ps ?pgﬁfagg?es& quvg%ppp%%fhgp#gpgdergaﬁ[%(Slgl{{%ﬁ}lﬁeg]rrmst t ypi cal
di spl aysropisabcashlidstiongsetibl o. gL 48]13% fitedNaveher! 13w2100 vandivis gvaed B
anplitude signals where the acoustic probe at the gated depth is nore

st r ongl e OEPFRALRYPIEIRHAPRICHPHer | evel s. By way of exanple, a strong
reflection will occur if a disbond between two | ayers of an | C package has

created an air gap, air bej i r I . acoustic waves traveling
t hrough a sem conduct or %Gﬁgﬁmg%ég]ﬁ%mﬁngldﬁdousti C m croscopes
utilizing su@ol]NhQr Rl Rchinp besnstidraiceospspayetargeis beanoéd gitkeahighenefit in
nondestructive i'nspection and testlegtg f sem on&ilu%or eﬂﬁat(r:kasgses and many
ot her commgst wibi-magaheiiz aeeustis §e4m pYp 36}%90}%1‘? bag‘iss. CrEUPERTAE” as much
I nf or ”mtﬂré?'{kbbao% i.&%ﬁé&t@ﬁ forh 'Elfé%r%él"i‘s ﬁsdlﬁ&ﬂinéhﬁgiﬁﬁidb andiegisarany i mage

nts tec

enhancene niques have been devel oped - col ?fri z?t :»K{%?F ofp

di f f er ent i at {903 NTlor taeget ey, bedpspectehityAH@dREmaLintFiacs fg BV the desire
for nmore and diff i 110 BmBhathe 4 RhesEPdractieh of ths irplt digiepect ed

t ar get s°%1§?ﬂqP$1&8‘£‘ﬁf’§%aé‘d?&§‘ré’ﬁEagagnd %ﬁabga_t ed. OBJECTS OF THE | NVENTI ON

[ 0006] Igteates gatn doby expteserits a dreppmeltasied 1¢vel/mrike Bt 0 provi de a net hod and
apparatus fo cL X ' idoQhis bhedehg sigHdIRull skdw @ scanni ng
acoustic m cﬁ%@été@e Wﬁgg’wlﬁgaﬁﬁg%ﬁ&éﬂ%?%{%ygﬁsis%g knqwnSit%gchni g]ues. WO
02/ 0390 8GR TpHaM4 dET38whaO0iF hcdustid mobmutthregatedisicnb s merepfielglde such net hod
and apparat us which_ is of high r 1.O AN ocb3308disHondi S Sti ||
anot her rﬁ%‘s ?ﬁh%‘fﬁf’ﬂi‘sﬂfﬁi}%%%ﬁ ‘i%%&%#é}%i%ﬁggéh rretnhqdﬂgnd appar at us whi ch
i s rel atyetley tid BYPE0S iVIE paakege bascritedommpingreckit beingdrghly reflectdre ofi t h st or ed
information.. [00%3% | £ ié@xelt anot h ﬁctgrbrhg(ﬁ%mto provi de such net hod and
appar at (OYHF SRVETAY N B A HT I A A~ St Andar d scanni ng acousti ¢

m croscope i Eﬂﬂﬁ! BeaihthgGasustimicessoomes belizngéwok edoamtiendisplaydagnhanci ng
techni que. BRI EF DESCRI PTI ON O THE. FL. GUJ : L QLEr -3 are

schenat i RECYFRAR Pa AESTER SPH Fpopsiuc Vﬁﬁsgégignﬁléc?%%tg% O(If}&%rc %@gétg?ng acoustic
M Ccr oscopersLgnal xﬁarg‘iﬂﬁkfrdblﬂﬂeffcﬁl hrkicled mridiborgeryadrgéth domensmatatas muolent i on.
DESCRI PTI ON O THE PREFERRED EXECUTI ONS: hpOll%. Fi gure 1 152 schematic

di agr am informatiqreasipagsitle PRy Rt aUEH YBA BF" mﬁ"@% ROg aspect of the

i nventi £ ffbeliRE &Uv@fégeiﬁl AorEhenadfaifiesitdrd iffommtiansdgnni ng acoustic
m cr oscgtg%ﬁg(ﬁ’?ser e10.n 0012]

As i s well kn%\%ﬁi n the art 0§t(;]%réﬁ'apg
acoust i cenhargenisobped soyfpitl At (e detiis fpyaeregn S0 TR Arven by
sharp Voéettaﬁﬂ‘?nﬁ{é{) 851 t¥3LeS BorTB¥esha U namRY adduseatsdl 100 volts or nore and are
e

typically int requency range of tens of negahertz to 100 megahertz or
hi gher. [0013] The pul sed acoustic beam penetrates the target, which may be

an | C package, OBJECTS OF THE INVENTION

[0006] It is an object of the present invention to provide a method and apparatus for

; vwe3e3x3ul "p6TIOMD 02/ 039085 TI TLE OF THE | NVENTI ON FREQUENCY DOVAI NR@
n

extracting valuable information from the output of a scanning acoustic microscope which is

not generated using known techniques.
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for exanple. A fraction of the energy passes through the target, and the
remai nder i s absorbed or scattered. In many applications sufficient energy
i s returwebzossashe transducer (after a delay) to be senseRCT/B8UGUKETIc ener gy
is alnost totally reflecte ajr us acoustr opes have
proven to be @QQ%&H@I“?O & J?Ptytf’ quveﬂéét‘%efa?gmgaf{“aw E ?'Efg‘t ween

i nt er nal yeb@W@dSanfacéirflgVi ce such as an | C package. [0014] The return signal
is an anplitude S|Ignal conposed of a range of frequenC| es centered around

the transducel00@8]/EissHl prother sbjaetieé he iyeglionto prasidnmyciymeibed prdappantugdapt ed

to Sensewﬁﬁg ﬁ%ﬂ'ubély 1&69&11@199 Y34 bdn &'Myea?r“éﬁl%qe $r WA skdd in@drfhglion, The ti e
domai n si gnal1 after” processing by the réceiver 12 has a waveform wnich

. resenbl es t hal00&Ndt tsryetlanathellquecﬂ'ﬁ@r?‘flﬁ%s@bmﬂwdsn‘bmlaram whichreoprelatesnt at i ve
of anplif LULaeso u | |evel.
[0015] AetAE Rt Beh@RFcchibide ol iRt B s rifideihe ho\iBbyd

convent i anal impggeathedcitgytechngpiei ng process shown schematr cally at 16. During

the gating process, a gate 18 isolates 2 WO 02/ 039085 PCT/USA/.t7733 a
pi xel -representati ve signal segnent associated with a single pixel. The

gat ed wavef orm show ng (BRI)EFM(QHP@E)N@WEIEFMURE&\ signal 14 is shown at

20. [0016] th ermts the use e ne. & chosen
level in th%h?@e@glgﬁrg? ﬁre%g]% Qgglaﬁ‘?ﬁ’sélﬁpﬁ%t%ﬁﬂla?‘ e(rfrfe‘l‘ Of‘}e for the
gate. FOprossiiplaboustic &hdﬂ@h?e&lg&@ﬂs abdgiimnio the ghdhirge omppwsed iedtord gate 100
nanoseconds wi de set at a delay of 384 - 484 nanoseconds. |f a deeper |evel
were to be visualized, a |longer delay would be enpl oyed. [0017] The

wavef orm shape of t hepstRIFaION €HMENE PREFERREBALEECEE®NS fi cations in the
reflected anplitude of a particul ar acgustic pulse or pul ses inpi ngr ng on a

pi xel of the WA1YeHiguryds %%rmt@ébqgew Higstrafipe @ preferedisrecision pht mstho
scatteri EkT‘E)ectro?ftl{e‘%ﬁ\t/dnﬁﬂn ada Efe@"fér%&?c@&ﬁlg%i%n Ts*@l@ﬁve%fffo%% Scafiiflg h&o%stﬁ:apt ure in
t he signal segment useful to those interested in a target's
i nt er nal méeypssppeptlsenh0. def ects and the like. [0018] In accordance wth
standard prac J GEOPY pi xel -w se
si gnal segrren{Ohgg ‘rkés]lssu @%ﬁgﬁ{i@&%&k&m%@é@cu olcr(;s{';b? %&ﬂﬁd then is

di spl ayedoraprisas atrmdd@mwilmhaaﬁnysn by sharmgrdtagseldsmv@thzuayr havEagplitedss ). A
Carger i 8 MO GBS TR0 e R ARy Pl oS R R D 20 1T
i ndi cat emegalrcbﬂsboh:@hwhere the refl ected acoustic energy is significantly
hi gher than i IR Ng anreas Qf t d sense
t he present @&’i}fﬁ‘%ﬁ: n?seda""? tE:Cte peneémr%tﬂﬁ%%‘%%fw}ﬁifg%égsr ng I@pi{)ﬁ(g >domai n
signal d ﬁ)’rle)(ﬁﬂplEJ‘A) ilaetionad dieshergy passesabioogiethe mgqb rand rrregemamdc&nst absgrbede

signal to a egqyency donmmi.n represent ati on of

parti cul 8 ¥ S\ﬁg# é¥ appligationy ?)“%ﬁ“ FROTEY 15T tgma ek%} §‘b elﬁl%% domai n
si gnal sdgapibd be Sens&d. SAddustiztenctgy @ a‘ﬁmﬁsﬁﬁﬂﬂ@ﬂéﬂecﬁhﬂl@lam ait@ap.€Thak acoustiep,
preferab:l#/ a Fourier transform f er traBsform discrete Fourier

t r ansf or FIGPSCEPEIIAVE HOKeT i@ be eXiF ‘é"le éﬂ ob”rt'é‘ggés o1y (A 2APSIREWSePh Wi ndowi ng

funct i ongntéfB8aysk £ advicO sfch@sifeIClpack{g8020] Two out puts nay be devel oped by
the Fourier transformstep - an anplitude versus frequency waveform

sket ched at 36’019}1811%6%%@1%@@&aglphwéaﬂgw’éyows‘? o avenaadieusiciss 32,

[0021] | QeRGE@EHBAS B Wahddudth's 2SRt 18fueh&ie FRURSESHowR R tdeeler BNdaptety from
the Fourier transformstep 28 is visually reproduced, as shown at 34. The

i nf or mat iSee auhareplify gre aceustie ?@éﬁlréﬁr‘i@}}e%%ﬂ}?? tangsl e e AgrRB el afs pi xel s
(one of c@é@ldg%ﬂﬂ%f:ﬂ%ﬁ@ HeSd \Qﬁ‘vel?(ﬁﬁe\)/hlbﬁrebé?nm@srmat%@e?&ﬁdgf aahé aakl ¥
different fromthat produced by a tine domain visualization, This can be
not ed evépmpi signel Jos ripyesesasive @l emplitpdectagiptions dmhgsetamedbgopsticpslsgb#ai n) and
234 (freq f'e’Bb‘(elW' n). The pictures 26 and 34 are taken from successf ul

| aboratory tests.
[0015] As is well known in the art, the time domain signal 14 is conventionally gated

by a gating process shown schematically at 16. During the gating process, a gate 18 isolates



WO 02/ 039085 PCT/ USOL/ 47733 [0022] It must be understood that the
particul ar waveforns 20, 30 and 32 are each associated with a particul ar
chosen pWR:12/03%88reas the tine dommin inmage 26 and the frRGUEHIG7HSmai n

i mage 34 ar of th enti etar tion thereof.
[00%3] 1P géﬁ?&%ﬁ%&"wlﬁ? f"f%leﬁ{aé%ocﬁtt |V‘hl\t/hean‘ctm%c)ie pleFﬁa g @ﬁ%ﬂ% 2?’8’ of fered
for SF! emgwti@dltl}eﬂaégaqwmnmmmtm19fshdv¢1eat909nal whi ch are to be f
visualized in re mai n. represent ati on jcts one o
Uhet ot mods ARLAL Gibpor e Yers g hatsriats A eepiss dodsgas ebis hbbgde? 0

fr eqUGnCéfmﬁly'Tﬁ's@ﬁ&ts% a@atapgl% Aite uayﬁut@é tﬂrm)gﬁlte'i Rebaaiptda sthile pidRy be

acconplished with ndows Msoftware whi facilitates sel ection of the

. par t i cul iemendright Yercapivesd Wit agate 100 mancseropdpidsmetpt adelawof JBAo28fF The
particul @atlotetsaf& P@/de,%g rita}emtre@o BBYisualifid, @Mg&ld%lay %uﬁtbeteﬁﬁ‘yl @k of the

pi xel -wi se anpl I tude versus frequency waveform 30 as shown. That sel ect ed
frequency thdﬂﬁﬂédﬁlﬁﬂ@vcﬂqeﬂﬁhﬁeqaﬁm?g@%mhw dnaragterizes madifisationsdd for all
pi xel s i al ong the
P equenche ol pftac o Yituct i AR INRR 0r PRERHARRKNI S DtPAA RS Tl 200 34
may chanigmset rﬁwamdzmaltlyn miap iy causedlpy abiserptiorh ecaticung raflectionf intecferenpsorf r om t he

t ar get I t-Ar: r-ticul ar

f requeng?/txff)ree’?f%ts 'éutléjgs é/ag% ?%d%g{édf ﬁéé retqugelﬁg1 h@%ﬁ%@ﬁ%? o{rn%g S?egr%ﬁgl one is
provi ng fagebeinveanal cvﬁﬂhuathdledefentmﬂ\thdukeg clues to hidden structures and
anomalies wt tar | t aneousl S .both tine domain
and f requency[%ﬁyrgt1 ﬁccé’? & gx%?ﬁﬂguwl%ﬁ ! %alﬁfﬁgﬁcf"#ﬁ‘% AOSCGRY- e ¢ 1 t her

i nf or mat g iRd)-wise €lgral y@dxeﬁmmeﬁubydmdtthepéakr@&buom@rmahd ﬂiehht{:t ures and
anonmal i es. This subject be . di scussed furfher bn con&ad‘g wih the

met hod otlsrﬁwdraéa?me[%%] a°?*|‘ﬁ§° azeei(egisteP 2& i Eigprs b-nd sy Qg e

det er m ngbfstiiin@he Bishdvat ﬁrzeStn 1h8 irh#peat 6] thela %&ﬁfs &k Ebpack4be! @é gametkdt hr ough
W ndows TM sof tware whi ch places a curs%6 ggse or keybopard contr ol
léqnd {ygt[; ect

at any d®esindhe P%&ieiﬂd%‘?ﬂtﬁ‘hmﬂﬁétei il ¢ reflected 3RpstiGERFBY IS0 f

i npl errentlg,ﬂﬁcatnh'; ht%heﬁﬁhrphﬁﬁe Rfnalnitfy dréb¥ 8Phk @gdts depicted schematically in
Figure 2. i s"no hat the same reference nunerals appearing in

di fferent f | 0Py Inadreadisense hepresentinientionds ghected in ammedipd of pipsessig ari gure 2
met hod T ttemtt;t% SR erfiSy h@:ﬂ b SHE(R: Itmm%t&bedcdtﬁﬁﬁ Fl@e@eahg\ae GameRt for
the neth step o ecting e frequency nponent of the frequency
domai n wafrefusnen dqxnaaere\pr@etettttozeﬁme[stIS]Mqﬂtgatnﬁcule@ mthtﬁeemegg Fégute et hod,
t he out put |itude
versus. § et Sl ol ARl Biph D iRk FALRE SR WP | e
However , camzbﬂwn Stebmwembbca Fowgentraisfoghcfast Feynerieysfom, iscreledivatiezed for the

CL0s e i bRl B RSP0 RO Sl RgL e o
pr ef er abktyp ¥&im Hgurad).ng W ndovvs ™ 4 W O 021 039085 PCT/ Us01/ ~7733

sof tware whic rpLts uder b va the

| ocati on and &og@h °‘ttP.'é B‘ahgg%g (%T’dl?ﬁ eregurgefggﬁsgﬁ s e[nhen;]pgé'g({r

choose aterwislflequbieywhatitforsitetblzdat 3@ and4 phidse viandregherky egueoam,es t o be

vi sual i Zﬁ%? I—g ng ght be interested in enbracing a range of frequencies
across t BEHEARE5f the anplitude versus frequency waveform If the entire
waveformis C[DUDI]eﬁfaeébr@dnc@ﬁﬁh@ﬁas‘p&Q o$ he piesetitmietod aspotigiue fromeahdPourist sh t o

enbrace the entire band of freg ci es. Hawnlg sel ected the band and its
| ocat i on2RSEPTERE TR dsuadfyirApraduced gs 61?°“tnt1"e3‘ﬂ3r e AHPTMATOR ANt O Wt shown) ,

an al gor kbhEhéPdshas SRhrydidrizRtion dfthefpiR e Re @fvsmagtsen&aldue@ts@ﬂheej isim) t he
application of the chosen band of frequencies o each e target

to be prBERYSHE Hamatisally diffeamt framdhal prdpsed b atige domgin %%i‘ t’@“ ig’érage t he

. anpl i t udgs Rf ndkd¥evbh ﬁﬂﬂ@g@dr@sreﬁraddcaﬁm@aed shé¥n &PERERe BoiBaihyi@3Y val ue in
t he band 48 (see point on wavef orm4g:?k or the highest anplitude value in

t he band (freseencysomeins Tompietyees daorct Ht are tpdeyn fromFuespssi dbARMAEY B8t 44 i s
illustrated as having a curious dip within the chosen band 48 of
frequencies for the selected pixel. This is the type of information which

| i kely woul d not be revealed in a rendition of a conventional peak-detected
time domain signal. Wat m ght cause such a dip? If the target included two
cl osely spaced and parallel interfaces reflected acoustic waves coul d
interfere constructively and destructively. Interference would occur at
certain frequencies and not at others. Thus the phenonenon is frequency

sel ective. [0031] Wth a broad band of reflected frequencies as normally
occurs, the particular band or bands of frequencies affected, and the

di stances in the target corresponding to nultiples of their wavel engths,
could 5|gn|fy vaIuabIe |nterface spaC|ng or other |nfornat|on Thus the dip

Y




WO 02/ 03908s PCT/ USQOL/-L7733 [0034] A third execution of the principles of
the invention is depicted in Figure 3, where again the use of |ike
r ef er encowomtrmasmbs denotes |ike structure and function. IRCEHEAGdre 3

execution, rather than processi nd di spl ayi t e nc mai n

out put from t[H‘ézzﬂIJWF%PCPP‘g“F% oé}ggﬁt eé’ﬁg“fg aH?‘%%%‘??V?%i {ia"g'é?ﬁﬂ%/ ealg](%) i nst ead
modi fi edysbShRe With a p@Sicklir hB¥nPBEI, Fhdreadwhe i@ dompiddinagd@p 4 tiad her filter
function, for exaone, and then processed in an inverse Fqurier fransform

step 54. {reqyems]domin iaepaf arsrmeges of the SRIE tHERI OF MR PURPR ERplsd i s a

gated tinme doggil} 1 hedddanddwiNHhs Prevdnt invBiRien, MEmARARA offtRRIERr ance of a
gated tine donain signal, but will differ fromthe gated tinme donain signal

. 20 der i vestpctinptie fitequengy semponents pithe pigeal whichamitods visHalized insthe frequeney a resul t
of the p rm cF CLd I : domai n
char act i FsRisBidr, Fafthe | Wil AR ot AEnGHLAL N R RS Voo B A

execut i owsvedbrntsi30, 3N aeingledrequensy (indieatedgs 36 anavayeforrh 80X i sadastade yThisgaast r um of
an exam ned sanpl e. pi .- f i . ) ection for

i spl ay. BreeraP i e Hl Fyndcmatah iyt tale8 Slechin b i BELET

f r equencélesgn frdfuendy iderahScamebhefd noos¢.enpl at es a nore sophi sticated or

aggressive (t .mply. gatin S nd/ or | it filtering,of the
spect rum of fdﬂggﬂgh‘teipééwﬂﬁr {jﬁ‘g‘%‘?cgg?}rsﬁleatg(g?ﬁaq{’rfgﬂ%)xf"ﬁg%g%aarﬁﬂﬁ? afé 8%1})1?e

| ocat i onpixEIORBY dmPiadenstsus fequenef vivefitmedtes shown sTint sddvedifrqesicy drnhave
been described in a nmethod cont%ﬁﬂ one skille inlth rt. will be

cogni zanbecgmes the feegusnekEompRReRyYchs Xispalizg é&ﬁﬁ—gﬁ—m 1S3 t'H€*escri bed
met hods gadnbdeh fref@ney BHlsivated dorgtheReR@ndyux@ BT REA st 26, tihdivikual €s.
[0038] Ot her alternatives and enbodi nents are c_ontengx at ed., F%r exanpl e,

t he out perpsampesrAfithrimage 34 BAY eheaprsdrampicatlsindigating thag the propstieretlgctiony) 2
execut| Oﬁ?ﬁ‘%ﬂé"ﬁfh&‘l‘tﬁ? vi§ vii'lﬁl%ff 51%3)ch§13§ {aefeB&puRREn HepRHRYRAr@fuchdy™® domai n

signals. The purser Sighal could be stored or processed in real tine.
Execut i oheingpétudind princi pl es of the invention other than those descri bed

are within th i I I -0 be
enbraced by tﬁgfﬁgﬁﬁoﬁqﬁéﬁg|dg§’%§%mé“ﬁa@i%gf8§?%§9;osi BBy ARERE 2 VD

|'S: PCT/ pi@@idingclfed3o hiddgmstacutes phcdaneimaties witlig i tageate By sinuligesouslyi n t he
| nSpect | gﬂalg%?gb%@irtgﬁet don&%mﬁ'f&hﬂ&gﬁ ﬁ(gigcgﬂ Efggalg Eﬁ e Bﬁgiﬂg&hsgﬂgérﬁne‘%sécp ed

pul sed aco ean sensing the amarter it n.r’m 1 fied by
i nt er act furtheminfdmiatien ¢aarbgeterived dopenungthe tprget interpal doweimes aridgnamaliesdi cat i ve

of the i fications: .and processi id Lk e { i | to produce a
frequenmﬁéwg?ﬁwgg’F dEeFy f?%%lerod%%%ﬁg% *’??gea'ﬂ?&gﬁds&@é&%e met hod defi ned
by claim1 ingiopeél Tig: paniaias eitet onsthsfarpetrwhere sl ditetmimaiepiney ofintersisiis
representatjon. 3 e, met hod .defined . b ai-m 2 i.ncl udi ng nmodi fwlng said
time- doniﬂcﬁtegiwdﬁ%ﬁer% f%?e@nwg@é%@%mfl?%ﬁ% SOFﬁvé’ren“élflc%ﬁac(fég Ched lbnéercl aim?2
i ncl udi ngnowesbrikel/bgard &inthof at@fyiédiisd Wdeatiah on tlepagsent at i on bef ore sai d
inverse transformng operatiqn..5. Th t hod defiped.by claim4 erein
sai d modi fyi n@%éﬁwﬁrst"%"ég mes. i°EF‘?P&‘?mf‘é‘ﬁ&gﬁﬁd’,““S‘Pﬁ&Pﬂt@F vEnion {%,Ht%'g; sai d
fr eguencxclﬁmﬁéamwiﬁ PIRsEN Tk héred thét the éhﬁ}erfefehiﬁde flehdrale dppayring igid&ffe]}emhgr Ei n
sai d processing. conprises Fourjier transfqrm.ng. . 7. The t ho efi ne y
claim6 ﬁﬂexeam%if@tqs & e Oy Y FRRCtipR YT gﬁﬁlﬂ%@%a}eﬂlogwgﬁéﬂwa%ﬁ%i n

repr esent Fipile 1 §netdl RSE@1HSA hifovBbXdept fof g intghodBtep 0 sedéetihg the ifitqhidhey

i nspection of a target, conprising: scanning the target with a focused
pul sed acewpencat ¢fdherfreanenay dppaimupavsirade bprisvalized er it has been nodified by

interaction WdoAsf Reaih s the #Mfre 1 method, the output of the Fourier transform step 28

may comprise an amplitude versus frequency waveform 44 and a phase versus frequency

waveform 46. However, rather than selecting a single frequency to be visualized for the
chosen pixel and all pixels (that is, image-wise), a band 48 of frequencies is selected. The

width and location of the band on the waveform 44 is preferably varied using Windows ™



produci ng a tine-domain signal indicative of the nodifications; processing
said tinme-domain signal to produce a frequency donmain representation of the
nodi fi canioonea3msad produci ng an i mage-w se di splay of sai BCTU8QUERSyY domai n
representation of the nodifications. 9. The nethod defjned by clajm8

i ncl udi rsgftwayyhielneasmiss ynds Bawseion §ednar papiEel yasungpidps iRpatiop avd width

ti me- dongig 15h,898 detihfers. The nMet hod defined by claim9 including inverse
transform ng said ?requency domain representation to a time-domain signal,
and wherei n 40029] Thugde wes mapckgsisa gt il thanyvidth andderatien of ths bandiof di spl ays t he
resul t of, Egﬂcgasltg'\ég [RGaEANSd AlM Dintelebted MeRGALRS b Fand 6f RequiRMsNg Met hod
useful i'n LRe i nspection of a target, conprising: scanni ngqt he target with
. a f ocus edrgssiths pdalactibe amplitbdeaeysud frequa@ 024 GEI08 3f themitiyswarei@mss sensi ng t he
pul sed beam after it s _been Lfi I N i A get arid
pr oduci rfﬁnﬁn‘?sf%qtafﬁ’r%ﬁ N %Regtﬁua H’?%%ﬁii'{é@gil@édgw @L@%ﬁ%@%&? wgaetglmtgnmg?& gi;ti ng the
si gnal sfegjeitiest Gavinglsaleetedithp barel andéty leestot, at dcoardaeg withia stdpef dof |

converting the gate-iso] ated signal segnent .to a.freguency .domai

opt o5 erfgenv R G S Rt oo ey P LR P e £y ng
a sel ect it ML aPFhicaiQNFARLMosed bahdef fdq@aiaties t@suth pieLinthegrgattoiberge- wi se
signal representing man H_gi xels in an_i rra%&\/\hereieﬂht he in(;or tion in the
pi xel - r dPPEsEAERE idysglag?% ¢ algrfivaipaya oL sEAmle 4VeirsHR R gRpItE¢es many

pi xel s i e ubati@Gh Md tahé,Gr Shodkd e S6W el vaRledf iRbahd R1deNsYnteOAGRBlorm12. The
met hod defined by claim 11 inc|uding . inverse transtorm ngf@al d frequency.

domai n_réposdedeghesigmplitdg saluerinshepand bipe et ﬁleﬁf‘ﬁﬁwél"%f?lﬁ? i ncl udi ng
produci ng an [bﬁﬁgerh\éﬂw%%féiﬁ B4 RiIraRdhshdviRoLGEBYs AP Wit thesosasHnat i on.

14. The met hod fined by claim 11 including sinul t_aneo_usl_?g produci ng an

i mage- wi 4oftfregpennjesdpr thebedected pixell it inthe ity infarmation whigh fikely weld ned by

cl aim 14§ ReLidLiRg il £1%66%6n dohinbhd BECANIRA i dnbieGUANCYRAOTRI N
representation to a tinme-domain signal, an erein said i nage-w se di spl ay
of sai d mighteaboeraich asiipfrifithe dirgqs linojusied heo elesell spaest agd payallel \mr&es
transform.ng., 16. The hogd. ' . | ' ' 1 {¥ipg said
fr equenc’ﬂfﬂa‘%ﬁlﬁ"?cﬁ ugts p‘?’aé’g%%ﬁug(ﬂn%ﬁfe%e@? gsrt@&s“g%bgﬁynd\%tfd S g%ilﬁg!r? gb ?%fgr%‘lgéngxglg eration.
17. The s®uhadedsihifrequbnbigs aidaiotratidthenh@hes the pleindmemai if frequgneyoefseiiges

apodi zing, s i pr.otherwse filterin Ld f B
represent at i gﬁgéﬂgwngﬁ«? ror?gt% ﬁr\égao t %f?‘?c#?g %regl;l/eg’gi%g%m?nm IEI%%? %%’nﬁggﬁh&éagnv erting
conpri sebarkd@u bakts of fraqehoiesnaffegted,1Bd the divsriveslindhe prget@sespegdiag td me- donmai n

signal derjved froman acoustic.mcroscope,. rising.caonvert i he

si gnal tB‘“LP 8 EIE’HC“{/"W&@H%F% C?“i‘b?lgglg'n‘fa;"fai%%ﬁm(%&g%ﬁ a"é‘?gg’ nal .ey%cgrh’?ﬁ%ﬁ'rret hod
defi ned Wppuschadipid theitasd 4gleouli sEmifiuhitigerdeicagecuiiag inthe plaayf of sai d
frequency domain representation. 21. The nethod defined by claim20

i ncl udi née%‘}eﬁﬂﬁ%ﬁﬁ%&q P-or oduci ng an i mage-w se di splay of said
time-domai n sjogsH If oRLpixdilee piElidiewh e bidiest degeribbdand ah Adjabimt pixel @ Pirckl
converting caonprises, Fourier transformng. .23, A nethod 215 @r ocessing a
gat ed ti HOUEEAsneLdhigfact mawbs sheynip G‘M“?gg“d‘fliee%eqﬁ%ﬁ]d%?}ﬂ Py &1 St ope,

conpri si BenERtREL. ThASHHtWViRAIENS: cHheWRE d6vloh ihfoRfitdA abo QMaREd s
representatron of the signal. . . L
internal structure or anomalies which are undetectable using standard time domain imaging is

one of advantages of Fourier transform signal processing according to the invention.

[0033] In Figure 2, image 47 is a conventional time domain rendition of the target
using conventional image processing as described. Image 45 is a frequency domain image
produced using the Fourier domain conversion techniques described, and using a band of
frequencies rather that a single frequency as in the Figure 1 method. The visual differences
in the two images are manifest, indicating the presence of new information in the frequency

domain image than is not present in the time domain image.



WO 02/ 03908s PCT/ USQOL/ ~7733 24. A nethod of processing a tinme-domain signal
derived froma scanning acoustic m croscope, conprising: gating the signal
to i sol aw® @/pvoessl - represent ati ve segment thereof; converRCHYSUIKETII gnal to
a frequency d in representatjon of the signal; in the freguency domai n of
t he signal, i@gﬁ‘ﬂi‘ﬁhl xepulign @%W??@Mﬁ@“&?ﬁﬁ%ﬁé‘ﬁ?‘%f‘“t ur§i3>g/nal; and
produci Ngha® apiThaf- sk 5Ll reféRhcd RidieRSSMnoRE 1iRBE IR FundliofTn ERYE wher ei n
the informtion associated with each of said many pixels is characteristic

of the shiggreskexseition. pihepihanpigcessinpaitdisrlyfing the fipquenty-dospineidpitdtonve si gnal
Segent . 12%oudtSraRBbHR oSSt BiRRHy,2 oblpal Fidfhal i (e ansf orm ng
said fre uer?gry domai n r_glgresent)éti gn{.p_26.1%Tﬁ2%¥ﬁg§%gleﬂt}y’ﬁdrg§9gﬁ claim 24

. i ncl udi ngesnrg@wl‘faﬂinggaméizmgfor etierchilésy fungtien, forrespmple.cmd dieh prockstdineansai d
identifi ' o frequency conponent of the signal. 27. The
met hod d@%ﬂﬁggoﬁyﬂcfi@%ﬁﬁ%&\%ﬁér ein said nodi fying conprising apodi zi ng,
shadi ng, or ol0RdsMIteeufput ¢fshd mygersaFairier eapsfonpstegd GAdd apateeitimsdonfn i on. 28.

Th th i nE ' 4 ' id ting i Four.i
{r ans or S 2 SBEh W 1A el Qe oo BE PR oo BBt el G
f r equenciifeofipartengataioimes dewsn sigsil 2@ Harivied égrmethepulse3 00, rddeivert? il defi ned by

claim 29 including inverse.transform ai.d frequency donmgi

represe n?%ﬂ"ﬁolﬁ .S{e?%as ?ﬁeé;ulirg{ ﬁ%ﬁreg%t??rﬁléeg%ﬂ T fingtion ‘%ﬁEW%?@FﬁqEE gF%FePF%q uency
conponentofsifiphdra@&iAatfestdnafixdl 6ggalenci es. 32. The nethod defined by claim
31 including jnverse transformng said frequency domaj n representation. 33.
The et hod dewpﬁédﬁwe %é’g Fheéllreﬁ%@f’gioi‘fs §5&6 yeRipSsEPetioraTaiy o HEl udes

det er m ngBghehfiespdOind 8fdn dxhRfe®BAYD1E PixS1al the 314t 864 REBAN, R sdid-GOH EHCI es.

34. A nethod useful in the inspection of a target, conprising: scanning the

target wiisplapohile Siegreaehtpstpopens fsngle Seqyengypr bprd ¢fidiequaacisdakhafiguie 3 t has
been nodjfingd pQMefnﬁlFat%g Qﬁioire_oslapl%t]idateh BeadRLSRL (BRI %&'t%gg ghﬁe bhd/st

ti me-domai n_signal’ indicative of the nodifications; procéssing said

ti me- don@mplitsdeligring of Bie spreramHf fiequsneinsin tioighirmb o etexehmad of t he
modi fi cagy iockRai fyi ng said frequency donmain signal; and converting said
nodi fi ed flrequency domain signal to a second tinme-domain signal. WO

02/ 039085 PCTIOSWhaza3hamefeirkexeeutions ofibe inventidnyhavd emds¢ribadcinadi ng
producin i - Wi.Seqqdi id sec i e dopain representation.
36. The grrlg %3%‘%&1 %Mé"(iiﬁ‘ggd l?:ﬁméelaér%tg ll?ef]c(g gﬁlé ﬁépgﬂe %ﬁtetmasr?ggg% VpregtéPng an

i mage- wi vecady opt thy describeali noethade qudbthésydesaziptios @ribtended to endbtacefthesenet hod def i ned
by cl ai rr)s'?)ﬂé vrmserei n said converting conprises Fourier transformng. 3 8.
The net hST 8 ned by claim 34 including producing a sinultaneous

i mage-w se di ©pB&]yOthér stamatifes ast eraliudirs@t0ared caritereplatedrelion esargpléltke 39. A

met hod of processing a.fjrst time-donain.signal derived fro n.acoustic

M crosc o%lé‘,gu% g‘ﬁﬁ‘rt}]% P?‘l‘ﬁ'e& h?ﬂ?éo is%g Zg H’énﬁlg :11‘%15%'],[ a(BIdg ef‘?cga?fésﬁ(??wd'men

r epr eseninatisottamdforinee asd dispadyed BOLME Yorigin iaeals. IThe peilse wigdasduLI begpr&BeNt at i on
of the signal, %nd cgnver i?n,rgi t he difipﬁzd ii}gnal to a second tine-domain
si gnal hEATRGSIPIAR FeL IR EXPHIEGEs fSha Rc 95 of the Anvgntion atherdhagdbstaui si gnal .
40. The g@biiied Aewithiadhddtops oTitD pp&erifvention Sl s MRAIdMb BE e OABEd HBES

apodi zi n&l,ﬁ shadi ngl,_ or otherwise filtering said frequency domain

r epr esentSdngdlaimse et hod defined by clai m 39 including producing an

i mge-w se display of said second tinme domain representation.

pamr




42. The net hod defined by claim41 including sinmultaneously producing an

i mage-w se display of said frequency representation. 43. The nethod defi ned
by cl ai nw@Powd3eessi n sai d converting conprises Fourier traPGHOBIMHITE3 44. The
nmet hod defined by claim39 incl udi Qﬁgﬂr oduci ng a sinul taneous i mage-w se

di splay of said first and second ti MYBhai n si gnals. 45. A nethod of
processiWg r GateAmiEpss: ti me-domai n signal derived froma pul sed beam
acoustic mcroscope, conprising Fourier transformng the signal to a

f r equencly Adnseystic meprp dmagingmehpd weful fisths ingpeption At tarssh APHENE r equency

dormai n repr e%@zﬂﬁﬂ?tﬂ@tafget HhE 2 39c8R8 pulsBdskobitiedes@; Fouri er transform ng the
signal to a second tinme-domain signal having a different inmage content than

csaid first tisemsingpthepwise hgam|afterdthas kegremeditiedby ipremstion willy the targetend
i mage-w se.tinme-domin .si I, . e=an. acqlsti c m croscope,
conpri sipﬁ%(:iucbn ﬁ‘ﬁgg?ﬁgmg iﬁ%lm‘ﬁ‘%{‘f’%@fhﬁ @Qgﬁ'ﬁg{&;(ogﬁ?aggpr esentative segment
t her eof ; convesdebsing dalktime-doradin signad td preducendicqdarpidomaie pepseentation o of t he
signal; jnt frequency domain of the signal, identifying a selected
f r equenc eH’BHﬁBﬁ%‘H@' of the signal; nodifying the frequency donain
r epr esent. dhk et defifedbygdm;1 iadtelid®inveOr AR fdB3 M aid EquddSOAdmaid 733 i nver se
Fourier transformng the signal to produce a second inmage-w se timnme-donmain
si gnal rEPPEEAYCINg nany pixels iii an i mage wherein the information in the
pi xel r eps. eB@Nthethdd € fik@BRklamey ehting $scdiifly g esid tintehloatain si@ml beforsunber of
said many pixels has been altered due to said nodification of said signal
whi | e i nP*P¢fESIRE Bquency domain . 47. ' The nethod defined by clai m46 wherein
sai d nodi iyl RbacRERL& BRO1AROhALdISg mehEAhHhid Requehdiedomasitreprctdntitibng sai d
frequency donmmi n representation. 48. The nethod defined by claim46 wherein
sai d con‘%’fﬂf@l’@isﬁém@fsﬁmﬁfﬁmg?ﬂemﬁorm process. 49. Apparatus for
| nspect | D63 A e AbPAARUCH kiR sdid SRUFRY cSiafRedlagolRIRS@ALAEI RN Of a
gated tine domal n signal’, conprising: a scanhing acoustic m croscope having
an acousttherwigl f8tering spid frgqughcyplopabsepiesanigéipidi ng an acousti c pul se sensor,
ampl | 11 6 30 Ghthotlorfigt 6 GAHP! Ftbrdif s bfhoBlnd ChmpAld Fiurle: fAHEHEIngIOTaI N
converter responsive to the output of said S|gnaF processor. 50. The
appar at ud Themnatle defined byi olrith® inpluding invgrse Howrios ansformateceid fesiqpensyt ry coupl ed
to said fre n in converter. 51. The apparatus defined by 49 wherein
sai d coné/%nr’%ér%p?és/se%%@éun er transformer. 52. Apparatus useful in the
i nspect i &nAohcaustiamimeé jmagingométbadngefuhmaghsinpectioreefiuthngef, ¢dmeprismgget with a
pul sed acoustic bea{ﬂ; ne‘%ns f ros nsuilsré act:orﬁgtiéjﬁjéa ed beam after it has been
modi fied by iTPNFREDF SERkER 2 pAS b 2g S8 hci ng a ti me- domin si gnal
i ndi cative ofsehfirg fe@ulstdbdaimuiie; it hascbesn fnodifigd by hgerbdiien siithyrilad tatget dndol at e a
pi xel -represent at.i ve, segnent . t hereof . nea for converting the signal to a
f r equenci® W%t‘?@ﬂf’%&’rﬁ%‘ﬂ B Caé'fvef’ﬁg‘eél?oaﬁ.éﬂago%ans for identifying in the
frequency dongmbeessing sdi@ itnediombiagigasiay prrdogonfajuendy dohainStegitsdntatiandf means
for producing,. an inmage-w se signal representing many pixels in an i mage
wher ei n flﬁé"qdr\‘?‘iﬂ‘ﬂ‘é&' ¥h in the pixel-representative signal segment
associ at ed W pidd@aedanOinageivibe @RPMy Bf 268d Sequenhiviaid edptestrtationfof thee sai d
sel ected frequency conponent. 53. The apparatus defined by claim52
i ncl udi n@“’ﬁ’é‘%%o‘\sor produci ng an i mage-w se di splay of said i mage-w se
si gnal . 94theth&ho PRIRERLHSlaRES InOREinE Xintll@hdBuBIP ptdtabiE hBnagt Wideldgpanus| y
produci ng an i mage-w se di splay of said tine-domain signal.

of said time-domain signal.

10. The method defined by claim 9 including inverse transforming said frequency domain
representation to a time-domain signal, and wherein said image-wise display of said time-
domain signal displays the result of said inverse transforming.

11. An acoustic micro imaging method useful in the inspection of a target, comprising:

scanning the target with a focused pulsed acoustic beam;



55. The apparatus defined by claim52 wherein said converting conprises
Fourier transform ng. 56. Apparatus useful in the inspection of a target,
conpri si wg02039085WO 021 039085 PCT/ US011. 47733 neans for sREHHMIG7IIRe t ar get
with a pul sed acoustic beam neans for sensing the pul sed beamafter it has
been nodi fi edensing the awlsediheam aftprihhas heen medjlied '&teﬁqcaemwh thedargptiagd

time- dO[Eb&hcﬁi o Ithe- u&qhﬁ@ighmn@éauw@ftﬂpﬁkbaﬂﬁeﬁdn@ns means for processing
said ti domai n sig produce a frequency donain representation of the
nmodi fi cati ongatlm&xn@gn@irsemt toyipqlefe 3 aixgl-repeeserdaty seemrent theplnal ; and neans
for converti r

ti e dormi n arnralihe BB R AR AR S A g S

. for prodbeikeonfy an |nage wi se display of said second tine domain

represent ati Onthesrﬁa uer ﬁd%ﬁ)lgﬁro?&l%%l%glf ld@rgﬂ”%fﬂg aCSLIQ‘ tHd E‘Z e lc"dgf ngenl?gfans for
si mul t aneously "pro g an ina sal uenc

- r epr esenhatigadl, antd9. The appar atus defi ned by cI al m 56 V\/nerel n sal d
converting co i ses Fourier transf ornt g E u‘gf)arat zs det | ned by
clai m 56 inclRRAUSHEARAREES ise HEEY PR é’?ar‘?'h'lpixﬁ &b WieEe i spl ay of

said fi rﬁfo@a@brﬁﬁ&wﬁxéure;ﬁeammmmginsm aesbcm&apaﬂlatactsoffsard ndgcessi ng a
first time-donain mg{c der. v e(‘tt%{fgm an acousti g m croscope, conprising

means f oPXeIDFBRRFRESICIRE theiseif 57 CHPREY FAPY"Ybnai n representation of the
si gnal, [PEaRs nfefHod Wefhddyythith Ne idchAesaRvyscdiiBlofnih e i@ fedqileaty @t t he
signal, and neans for converting the nodified signal to a second

time- don@PWseﬁ@ﬁ&{ having a different inage content than said first

ti me- donmpy A RN defifed b%nﬁﬁ@%’fcﬁfd‘dfg ﬁﬁdo%@n%aﬁ@is@ﬂ@ﬂlay Scdatidi Ng means
for producing an inage-w'se display of said second tine donain

r epr esenfreduengy. d0@3ilnfpn@s%ﬁ§%§18?at us defined by claim®62 including neans for

si mul tan By Ahih TR G HBRE STy Hroditing ahBAENEY
represenfﬁ@%ﬁlem gqlg tl'l ppar at us d(?l@%rlled by clsgfr(r)n Gfgv&\lhélr g‘%&n sai d neans
for convéisplinnef seitné-demaifisigniler transforming. 65. The apparatus defined by

claim6l, S : spl ay of
said fi rs ang%g{éggggm %C?%ﬂﬁ%%%&@lug%n%sl&l %}g.h&at%ngﬁﬁnfngggggeﬁ&ng% by claim
1 incl udﬂmgaunmb:ésymtm@nﬁaladmterdmmadmmah agd whetbinlseifl gmegepwise disglangf said  67. The
met hod d ed by corrprl ses w ndow ng,
shadi ng, E'B‘F SPPilélr na%lfplﬁ%{%éh\r,%nrgguﬁ o?s%&li.n Qeﬂpgﬁrts)f gnal . 12

16. The method defined by claim 12 including modifying said frequency domain

representation before said inverse transforming operation.

17. The method defined by claim 16 wherein said modifying comprises apodizing, shading,
or otherwise filtering said frequency domain representation.

18. The method defined by claim 11 wherein said converting comprises Fourier transforming.
19. A method of processing a time-domain signal derived from an acoustic microscope,
comprising converting the signal to a frequency domain representation of the signal.

20. The method defined by claim 19 including producing an image-wise display of said
frequency domain representation.

21. The method defined by claim 20 including simultaneously producing an image-wise
display of said time-domain signal.

22. The method defined by claim 19 wherein said converting comprises Fourier transforming.
23. A method of processing a gated time-domain signal derived from a pulsed beam acoustic
microscope, comprising Fourier transforming the signal to a frequency domain

representation of the signal.



WO 02/ 039085 PCT/ US01L~7733 68. The nethod defined by claim 31 wherein said
step of producing includes determning the | owest anplitude in said '
sel ect edwioema3®Bs f r equenci es. 69. The net hod defi ned by RG/WE@8773c| udi ng

producin third j.mage-wi se display.of, said. frequency-domaj.n

repr eseng‘la?\ ‘E?ﬁ'ﬁlﬁgf’t?m ‘ifSIB%PlgE‘FIdP msiggal Eﬁﬁ‘é{e P écﬂé%gﬁ‘é‘ﬂlsﬁ? claim 42

i ncl udi ngidpsseepk; codprasingddi rd si nmul t aneous i mage-wi se di splay of said first

ti me-domain signal. 71. The nethod defined by claim 44 including producing
a third sinmul 338 Sesianabigdsolatesiriyelappresenistiveseementthgentney - domai n

represent at i 0ORnvdding H3QigAPREh AblfeneieddrRas rﬁ_ﬁe&hﬁti&] &nd figlaydi ng means for
producing a third simultaneous inmage-w se display of said frequency

. represent at i of.theyBequepgy dopsayofthessignal idestifving aselected §squcney epmnegem®iins f or

pr oduci ”ﬂxe@ighli‘ll Lgh si mul taneous i nmage-w se di splay of said frequency
representation’ 74. The nmethod defined by claim1 including digitizing said
time-domai n sprgdudingosf image-piso sigaalirepyesentingzgany Tikelnip e opgdoftiersanitey ¢l ai m 66

ol udi o _ ; : ] i jon. 76.
The et nPEROE bARE bR BGr BBk fhabf SIHERSK AOMRE of BRLERSANA 7.
si gnal s@genty gmnertof teprel-tepregentdtive gignal Fegmenét hod def i ned by cl ai m 68

A ALuot AR et RNBEY R aB0 it R T P RRe S ARSI 5
HIU\\] Ng~  representation. | Ral cRa | cal cal cal cau
, \~ysni ¢~ cal ca] cal cal cal.gaUl.cal caUl.cal cal] ca] c c ca] cal] ca]ca] ca
] ca] oaU] 26 BB O LG a0 BTG5 BAF SAR G faensy domam

- 4#* u4| &feprsmtthtia]bstdre adi€ rkariticandicatlacalkead fraqueadcahpahaabiit sighala] cal] cal ca
lcagcag#gﬁ%g%ﬁmgﬂygﬁﬂn%]v&a e(iﬁasl%& r%]ogl?'ylljlllgc gclrr(lzp%ising apodizing, shading,

233355~ bRk i ' i
e b e s G
; $>) >5><3psh boR; g [ ]ca] ca] ca
] ca] ca) ca ol okl dahaebealinahonlsal sal fiaealyahleake aditsetlinak caUl cal ca
Ul ca! OOxRXNXCal aLaVaf adgj jjjj @kkl 71 I mo!s' s¥s/ x0x3x} xsnmhc?~ytojd_ZU] ] ca]c
a]U]ca] ]ca] f‘ag;i@}]-c%ca] ca] cac]ﬂiga] CZLCE{} E:a]é;:/ar](g:ai c?] ca] caU] ca] ca]ca] ca] cal] ca]c
alj caj ca MO erse frdvisforming said fir omain

M 10983&" () - P%O%%ﬁ%‘?%lo&%‘( 1 g:%‘% & (§’- EETBB MY reauensy JOmEN ) hos & () -
I't!10% : &pfesentationNs : & ()-!1t!110% : & ()-'t110% : & ()-&10% & ()-X q

HI JKL NNayK@he method defined by claim 24 wherein said frequency component comprises a band of

frequencies.
32, The method defined by claim 31 including inverse transforming said frequency domain
representation.
33. The method defined by claim 31 wherein said step of producing includes determining the
dominant frequency in said selected band of frequencies.
34. A method useful in the inspection of a target, comprising:

scanning the target with a pulsed acoustic beam;

sensing the pulsed beam after it has been modified by interaction with the target and
producing a first time-domain signal indicative of the modifications;

processing said time-domain signal to produce a frequency domain representation of
the modifications;

modifying said frequency domain signal; and

converting said modified frequency domain signal to a second time-domain signal.
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070" S Lo bt o e 15 P o b
183;@%‘9?«)&&%&%;@3?@&@ P%I%mh éﬁ)/;/(@'()\yleofV&'()-'fa 109%& ()-9
s! 109%& ( zl“slzfe%?(l K ‘g RIS lnqled)@s gimultansoysly prodyqing apemeger yise

}Qiglo‘y&dfs})w%wﬁ’&fr@dmﬁé}/ fefhe9éBiatidn. 9- 109& () - sf, S109%& () - s*MLO%&' ()-]1"

S 10%&?( ) Elfg?mﬁkﬂe(ﬁpc%bx@almwmz paid c@igrting compniseoBguriey trasfirminen oz z &' ()
1o, a0 0w (BT by AR e gt grgseagye vl
T 1 &s! 1094 sakd ﬁI)St a@SGQQ)%TiD&-QO)ﬂmm' "& ()-& 10 & ()-&
O% & () 3b 914 %e?h%d(o)f processing a first time-domain signal derived from an acoustic microscope,
comprising converting the signal to a frequency domain representation of the signal,
modifying the frequency domain representation of the signal, and converting the modified
signal to a second time-domain signal having a different image content than said first time-
domain signal.
40. The method defined by claim 39 wherein said modifying comprises apodizing, shading,
or otherwise filtering said frequency domain representation.
41. The method defined by claim 39 including producing an image-wise display of said
second time domain representation.
42. The method defined by claim 41 including simultaneously producing an image-wise
display of said frequency representation.
43. The method defined by claim 39 wherein said converting comprises Fourier transforming.
44. The method defined by claim 39 including producing a simultaneous image-wise display
of said first and second time-domain signals.
45. A method of processing a gated first time-domain signal derived from a pulsed beam
acoustic microscope, comprising Fourier transforming the signal to a frequency domain
representation of the signal, modifying the frequency domain representation of the signal,
and inverse Fourier transforming the signal to a second time-domain signal having a different
image content than said first time-domain signal.
46. A method of processing a first image-wise time-domain signal derived from an acoustic
microscope, comprising:

gating the signal to isolate a pixel-representative segment thereof;,

converting the signal to a frequency domain representation of the signal;

in the frequency domain of the signal, identifying a selected frequency component of

the signal;

modifying the frequency domain representation of the signal; and
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47. The method defined by claim 46 wherein said modifying comprising apodizing, shading,
or otherwise filtering said frequency domain representation.
48. The method defined by claim 46 wherein said converting is a Fourier transform process.
49. Apparatus for inspecting a target and producing a frequency domain representation of a
gated time domain signal, comprising:

a scanning acoustic microscope having an acoustic pulser;

a signal processor including an acoustic pulse sensor, amplifier and pixel gate coupled
to said pulser; and

a frequency domain converter responsive to the output of said signal processor.
50. The apparatus defined by claim 49 including inverse transform circuitry coupled to said
frequency domain converter.
51. The apparatus defined by 49 wherein said converter is a Fourier transformer.
52. Apparatus useful in the inspection of a target, comprising:

means for scanning the target with a pulsed acoustic beam;

means for sensing the pulsed beam after it has been modified by interaction with the
target and producing a time-domain signal indicative of the modifications;

means for gating the signal to isolate a pixel-representative segment thereof,

means for converting the signal to a frequency domain representation of the signal,

means for identifying in the frequency domain a selected frequency component of the
signal, and

means for producing an image-wise signal representing many pixels in an image
wherein the information in the pixel-representative signal segment associated with each of
said many pixels is characteristic of the said selected frequency component.
53. The apparatus defined by claim 52 including means for producing an image-wise display
of said image-wise signal.
54. The apparatus defined by claim 53 including simultaneously producing an image-wise
display of said time-domain signal.
55. The apparatus defined by claim 52 wherein said converting comprises Fourier
transforming.

56. Apparatus useful in the inspection of a target, comprising:
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60. The apparatus defined by claim 56 including means for producing a simultaneous image-
wise display of said first and second time-domain signals.
61. Apparatus for processing a first time-domain signal derived from an acoustic microscope,
comprising means for converting the signal to a frequency domain representation of the
signal, means for modifying the frequency domain representation of the signal, and means
for converting the modified signal to a second time-domain signal having a different image
content than said first time-domain signal.
62. The apparatus defined by claim 61 including means for producing an image-wise display
of said second time domain representation.
63. The apparatus defined by claim 62 including means for simultaneously producing an
image-wise display of said frequency representation.
64. The apparatus defined by claim 61 wherein said means for converting comprises Fourier
transforming,.
65. The apparatus defined by claim 61 including means for producing a simultaneous image-
wise display of said first and second time-domain signals.
66. The method defined by claim 1 including modifying said time-domain signal before
processing it.
67. The method defined by claim 66 wherein said modifying comprises windowing, shading,

or otherwise filtering said time-domain signal.
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72. The apparatus defined by claim 60 including means for producing a third simultaneous
image-wise display of said frequency representation.
73. The apparatus defined by claim 65 including means for producing a third simultaneous
image-wise display of said frequency representation.
74. The method defined by claim 1 including digitizing said time-domain signal before
processing it.
75. The method defined by claim 66 including inverse transforming said frequency-domain
representation.
76. The method defined by claim 11 including digitizing the gate-isolated signal segment
prior to converting it.
77. The method defined by claim 68 including inverse transforming said frequency-domain

representation.
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