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DOVAI N PROCESSI NG OF ACOUSTIC M CRO | MAG NG SI GNALS CROSS- REFERENCE TO
RELATED APPLI CATI ON [0001] This application is a utility application based

upon, and @@fghNegg priority from Provisional ApplicatigR,s&lsfhs NO.
60/ 248, 13 8, filed Novenber 13, 2000 which is owned by l?Ere owner of the

present application. BACKGROUND s birld NWEMNGON: [ 0002] In a standard

scanni ng acoustic mcr is_scanned with a high energy
nul ti - megahertz acousF@%@@%ﬁﬁ@?ﬁﬁ%&@%@%@c The beam as it
passes . through or is reflect edifROMAGENG sicpetisi s nodified in anplitude
and/ or phase. [0003] The target may be inspected at various internal

interfaces for defects by collecting, anplifying and appropriately
time-gating ;a refl ect EROSSREHEBENCE TIONRELATWHD ABPIJOAITIOM greater gate

del ay represent : lLevel.in the target. .[0004] The nost
typi cal displ ayi"@?ﬂ@ﬁ%%@%@%%%ﬁ?@ aé)a %‘8“3?? %‘r‘f’r?n’sﬁ“gﬁ‘?ﬂ“ P FS® great er
anpl i t ude sPrgrisibral Whplicetiqo fisrialdto 64/248,18, dibd Natverhbre 13) 20@widetpis bwhesl byor e

strongly rgflesdseul hag aLhgl levels. By way of exanple, a strong
reflection wll occurpli%f ngatpgi sEond between two | ayers of an I C package has

created an air gap, air being highly reflective of acoustic waves

traveling through a sem congiuet@gonRBigMME fRANTISKaNNi ng acoustic
m croscopes utili ZlFﬂg‘t such information displays have proven to be of great

benefit in nondd¥0PL B3 staadar &gmeing asprstnmpcrasenpPigaredt issesrnedyidfuekish  packages

and many ot fiefry GAMRBEEISHz Rblsticham raReh 4 didteal QfY Thab&e! S it plQedenerate as
much i nforpation fromthe sensed _acoustic beam nmany inmge

.as _possj bl ] - se| .
enhancement Yok TegeH %@e Breshis medifpdisemplitndiaodior phgss. on of
differentiated i[oUoo] Mee thi@et,meg®g erspRRl AVaLHR irternd RferSesitH delRets Mgt the desire
for nore and.di ffererl’u N nfgrmati.on about .internal . details. in |nspected

targets contlRUBE FHIHEE e sroptiaily SpspRtiReAFetiected fraction of the input signal. A

greater gate delay represents a deeper reflected level in the target.

[0004] The most typical displays produced using this gated return signal will show
greater amplitude signals where the acoustic probe at the gated depth is more strongly
reflected than at other levels. By way of example, a strong reflection will occur if a disbond
between two layers of an IC package has created an air gap, air being highly reflective of
acoustic waves iraveling through a semiconductor medinm.

- [0005] Scanning acoustic microscopes utilizing such information displays have
proven to be of great benefit in nondestructive inspection and testing of semiconductor
packages and many other commercial articles and laboratory targets. To generate as much
information as possible from the sensed acoustic beam, many image enhancements
techniques have been developed — colorization of differentiated information, edge
enhancement, and so forth. Yet the desire for more and different information about internal

details in inspected targets continues to be intense and unabated.

OBIECTS OF THE INVENTION
[0006] It is an object of the present invention to provide a method and apparatus for
extracting valuable information from the output of a scanning acoustic microscope which is

not generated using known techniques.
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anot her ob)"83P85 pr ovi de such nethod and appar at us whi cf-¥¥ FTﬂ?gh

resol ution and 10 stl | her e invention
to provide such?ﬁ@?gggxgﬁ%ﬁgg%éf MWIE%WI ﬁ@?@“@e@%?gﬁeﬁvil %ﬁgnsive, and
can be, enp@%&@@nhmimemﬁenine or with stored information. [00091 It is yet
anot her obj ect tgyRf ﬂ\igdsqg aﬁ)%polggtt bagk Jﬁ%qtl&p@?{o%dgﬁuc‘ﬂme%od%? 3 el 6\365
spatially with standard scanni ng acoustic m croscope i nm PRY®

t her ef or e beghisrdsivaly inespenpive. Ardpen bndramiesicd i e ding ogwish StBEd EForDBEBERI PTI ON
OF THE Fl GURES: (0] s i @i BSuocto Blofiod GRE B bl aﬁ&&%ﬁr ERLaLLAY hree

i mproved netho of  processing acoustic m croscope sl s according to
the teachi n¥& ﬂélr/“t“ilré%ﬁﬁé%sérﬂm%ﬁe@ﬁ%q TBRLOSCOpESRETPFICRP SErefmEberRIERRED
EXECUTI| ONS: as[2Q@dot effh@tih€todimiqied Schematic diagramillustrating a preferred
execution of a method aspect of the invention adapted for processing
signals derived froma scanning acoustic mcroscope pulser 10. [00121 As
is well known in the art aamamxmisagnﬁmummmmgumsope typically®
conprises a tra driven harp vol t age pul ses whi ch nay
have arrplitudesrw@‘?hC @ﬁm% %? égggwé ﬁH?@&W&Va Nethos of r equency
range of tepmcmﬁngmg@enﬁaost@emﬁms ftegdiheotilie tedchinggitaie prdsO 13dniibhe pul sed
acousti c beam penetrates the target, which may be an I C package, for
exanple. A fraction of the energy passes through the target, and the
remai nder i s absorbed DESCREPIATANOETHENREFERRERPHECEAIONSs suf fici ent energy
o ercturned o iyl aRsdueSnbabt o MShAX) LS SEIRR e MEONS | ©

yre

ener gy is alnost to ect ed an alr us acous
aspect of the invention adapted for processing signals derived from a scanming acoustic

microscope pulser 10. _

[0012] As is well known in the art a scanning acoustic microscope typically
comprises a transducer which is driven by sharp voltage pulses which may have amplitudes
of 100 volts or more and are typically in the frequency range of tens of megahertz to 100
megahertz or higher.

{0013] The pulsed acoustic beam penefrates the target, which may be an IC package,
for example. A fraction of the energy passes through the target, and the remainder is absorbed
or scattered. In many applications sufficient energy is returned to the transducer (after a
delay) to be sensed. Acoustic energy is almost totally refiected by an air gap. Thus acoustic
microscopes have proven to be extremely useful in locating disbonds (air gaps) between

“internal layers of a device such as an IC package. -

{0014] The return signal is an amplitude signal composed of a range of frequencies
centered around the transducer’s resonant frequency. Figure 1 shows a receiver 12 adapted to
sense and amplify the acoustic signal returned from the target. The time domain signal after
processing by the receiver 12 has a waveform which resembles that sketched at 14. The time
domain signal 14 is representative of amplitude variations in the returned acoustic pulses at
the pixel level.

10015] 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
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woul d be e 0171 The wavef.orm s th i ghal, nt 20
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-nodi fication ma scatterin refl ecti
interference or ﬁl%é(?&élg%/vgﬁg%%dgﬁggnﬂw Uree 5msrlmcmsci°p§’ rrent 20 is
hi ghly usef gﬁtedtmvieﬂ W@selgnﬁtsmsﬂ@ds jubjegted marpgaéctde‘scuomtsep aahndcthmss ruction,

defects andgihgeh h&erimd -] acbﬁlmé‘ﬁlﬁxgé {i@é(}?%liﬂ"u? Figih 31 LRIl ot

scanni ng acoustic m croscopy s& signal segment 20 is
subj ect ed t #FoBstisdaieedethan plgs. 5t bpinpge ¥R6, thfemgetisan Ifirspliaay &y daenedt i me

domai n aCOU&L’édﬁﬂH@ﬁ& 1€ &8ncs In@Ratdsh d1%o§dﬂh&@&é—)eﬂed%ed%§:&@@@éngrgﬁrhﬁe dormai n
acoustic imge_is_shown at 26. In the |ma%1e at 26, the target is an IC

package; t heiZyificapily ligher than in the remaining areas of
[0019] In 2 broad sense the present invention is directed to a method of processing a

e target.

time-domain signal derived from an acoustic microscope, comprising converting the signal to
a frequency domain representation of the signal. More particularly, with reference to Figure
1, the gated output time domain signal segment 20 is subjected to a frequency domain
conversion step, preferably a Fourier transform, fast Fourier transform, discrete Fourier
transform or other such well known signal processing systems with windowing functions (see
step 28 in Figure 1).

- [0020] Two outputs may be developed by the Fourier transform step — an amplitude
versus frequency waveform, sketched at 30, and a phase versus frequency waveform,
sketched at 32.

[0021] In accordance with an aspect of the present method, an output from the Fourier
transform step 28 is visually reproduced, as shown at 34. The information content of the
frequency domain characterization of the pixels (one of which is under discussion here) is in

' many cases dramatically different from that produced by a time domain visualization. This
can be noted even in the poorly reproduced pictures shown at 26 (time domain) and 34

(frequency domain). The pictures 26 and 34 are taken from successful laboratory tests.
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providing clues fo hidden structures and anomalies within a target. By simultaneously
displaying both time domain and frequency domain signals side by side or superimposed, still
further information can be derived concerning the target internal structures and anomalies.
This subject will be discussed further in connection with the method of Figure 2.

[0026] The particular site on the target where the determinate pixel of interest is
located is preferably determined through Windows ™ software which places a cursor under
mouseé or keyboard control at any desired location on the target.

[0027] A second method of implementing the principles of the invention is depicted
schematically in Figure 2. It is noted that the same reference numerals appearing in different
figures indicates like structure and function. Thus the Figure 2 method may be the same as
the Figure 1 method described above except for the method step of selecting the frequency
component of the frequency domain waveform to be visnalized,

[0028] Again, as m the Figure 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 ™



be acconplished with Wndows ~ software which facilitates selecti 01120¥AYt %035
particul ar chosen frequency under the control of a nouse. [0024] The
particul ar frequency 36 selected nay, for exanple, be at the peak of the

pi xel - wi seyanphidside versus frequency waveform 30 as sh%mémlg%3§el ected
frequency then Dbecones the frequency conponent which is visualized for all
pi xel's in t {@wdieSlidperniif WideR houde RE GBS ER NS tl%%daﬁonva%{i 'w?cﬁh al ong the
frequency axjs of signal segnent 20, "the visual ~ appearance of the i mge 34
may change W?ﬁ%&q@?teﬁsndi cating that the acoustic reflections fromthe

]Ear get may vary [wjzdp'tmd_ lsg;e @erﬁﬁ%?ﬁd_?’dé ﬁ?vﬂl ﬁé@ﬁﬁhﬁgnﬁobﬁamo&&fewﬁ c{%arti c:n ar
requency peing. studied. .. _The .frequency domain information alone is
proving to %q“\?%ﬁ% #?IVGS&BIPJ@‘?%B m’é?“&?i“&f?ﬁ%"dd? ErElaraqing AiAREg & remeRRitsur es and
anonal i es Wadrduk the gedkaf ge bmBitudd vitthi fei@ends bivefdhinS I tRYdnf@ AL HBmE isme  domai n
I or a1 on AR efpiof BE oS P e DGRt DB G T URe OF eo. and.
anomal i es. fGddwesisubpdng seivkted the ardiasc itsls@dod, it dch@dantawmionangcititen Wi th the
met hod of Fj . e rticular site.on.the target ere the
det er ni nat ebrg%ééﬁfl‘?%?gn?@ glr]%vslp’ Eﬁnggmfl%’%al ‘gh Selnswthbc}]é"fl PRy 2 gl&v HWed t hrough
W ndows TM swfut wetheapntipatibn pf teedesea bandred Grquamdisto canippis@ ioihe kepgboaed cont r ol
at any desi b hod . of
i npl enent i nﬁﬁ%ﬁ%g%ﬁ%%ﬁg%gﬁ g?g%rﬁ%[glﬁltﬁ%ef%?e ?%gﬁl?’é\’%%%%gggﬁ 'gl%ecs ﬁ)ggrlﬁti cally in
Figure 2. | tequengrsintde pandt or chrosstheiowesivepeindie baudridr(sdegompemriavgfonm
di f ferent M)%ﬁﬁ%ighé&@hrﬁ;ﬁ&@%lehé‘ﬁﬂ%tHah{P(swp?ﬁ@gpcgftﬂé‘%He %)hus the Figure 2
met ho abo

met hod may be the sane as the Figure 1 escri be ve except for

the method step [B$30EERwavEfvE fhis Hyeuwedss dyvinganwponsalin wigfin thp ehopsrdguéncy

domai n wavehosmdyiabies #t ﬁlb‘@éléc&ﬁ?ixei @ﬁ@ﬁ)mﬁ%ﬁio&quéﬁaﬁda WH LY WoRia! et hod,
the output of .the Fouyrier transformstep 2 maé conprise an anplitude
versus freql@he{Fvekier armiitanotargnyentimalneal;daesivd timp dormem signal DT or m 46.
However, r atnlipte cakeasmctsedigTIf the Garget Hchgddawh cRSBENERD bl RRIMIsMdlcbzed for the
chosen pi xe!:eﬂ%%dda%l I .gi xel s uﬁ:%‘h%tf IS, i rraﬁ%,vm seg, a ga?q 48 of frequencies
i s sel ect ed™MHE MUy B5R L HEEIFS oS RREY SYdar g el e Interleres wovldia i s
-preferably vanrddertagi frguadtinslandsibtnt others. Thus the phenomenon is frequency selective.

{0031] With a broad band of reflected frequencies as normally occurs, the particular

band or bands of frequencies affected, and the distances in the target corresponding to
multiples of their wavelengths, could signify valuable interface spacing or other information.
Thus the dip in the band 48 could signify that interference is occurring in the span of
frequencies across the dip. |

[0032] If one pixel or pixel group has 2 dip as described and an adjacent pixel or pixel

- group does not, this fact may be shown in an image-wise frequency domain display as an area
of high contrast. The ability to visualize or otherwise develop information about a target’s
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 Figire 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.
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- construct i vémpiretharacteszationodfithegling] signat er f erence woul d  occur at certain

frequenci es and g S uency.sel ective.
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particul ar TesgeRsy spectsem asaneramipedpample pixs! -afif tst b, medhods biide shlstiembes in t he
target corrg R GrelyRoncy B R EEmEIE AbQRAdy MMBURIE BE b iesE Lgnify

val uabl e interface ssgcin?\g or ot_ﬁglﬁlgli nf@%n&tc’i on. 0. Tﬁf&%ﬁeﬁg%%‘g%gt he band

48 coul d si grtedcopiimplaten f Boresprtitisatedor gemersive fpnisipnbngatispphassrnd/4rr equenci es

across the ghytinde $@3mnk of the QR Irith ¥Bhreq@Encidh ¥ahe B Ral B mAndixBmfiea descri bed
and an adj aceniﬁ} i xel or pixel group does not this fact nmay be shown in an

i mge-w se PR B3P donmi n di splay as an area of high contrast, The
ability to vi sugb@szpwheresdthefrafesel dexabBpl the ivenh har badicriBedi@ahget ' s

‘method context, one skilled in the art will be cognizant of the systems and sofiware necessary
to carry out the described methods and this description is intended to embrace those
structures.

[0038] Other alternatives and embodiments are contemplated. For example, the
outputs from the Fourier transform step 28 in the Figures 1 and 2 executions could also be
inverse transformed and displayed as time domain signals. The pulser signal could be stored
or processed in real time. Executions of the principles of the invention other than those

- described are within the scope of the present invention and are intended to be embraced by

~ the following claims.
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domain i mage. 5 2 MAY 2005 WO 02/39085 PCT/ US01/ 47733 [00341 A third
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Thus eacHra@fieich8elbdiive encixatibhso $heqfuldet @cduzsie béanoprodasd by heid ipraciidnewitn t he
frequency spectrum of an exam ned sanple pixel -- the fjrst twy methods by
the sel eceiddaraelosaid Fpqusneydaspain Ff'@rersa%lﬁéfwﬁﬁsﬁh%ﬁﬁaﬁ@ﬁg a plirgify of pixely wbsey or

band of feraagféﬁgl(r\ig gxgélitua_@ﬁoﬁﬁl?l?g g%§ fteﬁngf goe{{iﬁﬁg@%fltﬁé enised RES beam from a

sophi sti cate ressive Si hase and/or anp ude
filteri ngegkctivegospaaifithetaxget. f r equencies in the return beamfromthe
exam ned sanple |ocation.

2, The method defined by claim 1 including inverse transforming said frequency domain

representation.

3. The method defined by claim 2 including modifying said time-domain signal before

processing it.

4. The method defined by claim 2 including modifying said frequency domain representation

before said inverse transforming operation.

5. The method defined by claim 4 wherein said modifying comprises apodizing, shading, or

otherwise filtering said frequency domain representation.
6. The method defined by claim 1 wherein said processing comprises Fourier transforming.

7. The method defined by claim 6 including inverse Fourier transforming said frequency domain

7-



100371 Wereas the preferred executions of the invention have beerd 2 MAY 2005
described in a nethod context, one skilled in the art will be cogni zant of
the systens and software necessary to carry out the described nethods and
this description is intended to enbrace those structures. [00381 O her
alternatives and enbodi nents are contenpl ated. For exanple, the outputs
fromthe Fourier transformstep 28 in the Figures 1 and 2 executions could
al so be inverse transforned and di splayed as tinme domain signals. The
pul ser signal could be, stored or processed in real time. Executions of
t he pri ne¢geésestatdn.t he i nvention other than those described are within the
scope of the present invention and are intended to be enbraced by the
following clains. 6 2 MAY 2005 CLAIMS WHAT IS CLAIMED IS: 1. An acoustic

mcro i ”%9iﬁ[}gac'aﬁﬁf&%iici‘bﬁﬁfagfn]gin{btﬁm%fﬁfRﬁgé {rRPecBbn Bf e}) RAFQLlomPASRE Si Ng:

scanning the target wth ocused pul sed acoustic beam sehsing the pul sed
beam aft er it stemgingdlentarpetwith e dodoyed milsed acauspnbesint;h t he target and

producing a tine:d i i,gnal .indicative qf. the.nodifications: and

Dt ocoss! g saraITEIRE PO A GRAR M pesy BUALis BV RGO aed oo

repr eseng@édueﬁn @ftimd-d GAAIR BigHalSRliOkive Ve tHERsHdEficaBbaoNs to the pul sed acoustic
beam produced by said interaction with said target, said frequency donain

repr esent at i oPrdcassingespiddongyAomaingigaalgp pradupe § frequepeydamimfepresentdipaipipi xel
is anpli . h Heam
From s saierty LAl Ao S MRt RERBRE e o A BT B SRy BT
i ncl udi ngaidnwgetsend r ansf ormi ng sai d frequency donain representation. 3.

The net hod defined by ¢laim2 including difying said tinme-donmai n signal
before proce®&dHgingan imagerHise displapar Wit rereignadoma WP@S?%IOE}&?HH& modi fyi ng

said fr e%@d?ﬁé’mi@ﬁsf!@éi& ith&RIWRE Hfsﬁlta& @f}her comprising a plurality of pixels where each pixel
is amplitude modulated by a frequency component of the sensed pulsed beam from a respective

portion of the target.

9. The method defined by claim 8 including simultaneously producing an image-wise display 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;

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

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

converting the gate-isolated signal segment to a frequency domain representation of
frequency selective modifications to the pulsed acoustic beam produced by said interaction with

said target, in the frequency domain of the signal;

-8-




before said inverse transformng operation. 5. The nethod defi nedt ByM@T &%
4 wherein said nodifying conprises apodi zi ng, shading, or otherw se
filtering said frequency domai n representation. 6. The nethod defined by
claiml wherein said processing conprises Fourier transformng. 7. The

met hod defined by claim6 including inverse Fourier transform ng said
frequency domain -7 2 MAY 2005 representation. 8. An acoustic mcro

i mgi ng nmethod useful in the inspection of a target, conprising: scanning
the target with a focused pul sed acoustic beam sensing the pul sed beam
after it has bdatifyiac deleetkdliyequerice caaponent of thdsighe; andr get and producing a
ti me-domain signal, indicative of the nodifications;, processing said

time- domai n sPHIAFING 81 JRaggoise sienal EpIesRRYN B Dixelig B dBAg YV Igsn dhe
frequenc is | . RCPYSLE | -by
said int g?%glbiﬂg% li{mﬁ%e s‘fé‘f‘pﬁés%*é@g‘zetst‘&é‘%%g{% gtl%g‘?:rllg anﬁlltl %cgéb?%ﬁgg{ ag?g%ﬁgg;}?of
sai d f r ecaremeylitakEmaodulatepvabseitbt sadhsadctadfeequesgichbmpatenomsdifisdbgtienage- wi se
di splay further conpri.si a plurality of pixels where each pixel is

anpl i tudée%‘gﬂ'lezf?gg’%ﬁ%?q%ggquency conponent of the sensed pul sed beam from
a respective portion of the target. 9. The nmethod defined by claim8

i ncl udi ng sinul taneously producing an i mage-w se display of said

t i me- dondin Tée grethiod definediyecizgion Hodcldéing iregrse yraosfadmin®sdih gequgheydamaier se
transfor r}ie&gseﬁ%it.gnfrequency domain representation to a tine-domain signal,
and wher ePn-sard i'mage-w se display of said tine-domain signal displays
the result of said inverse transformng. 11. An acoustic mcro inmaging

met hod useful in the inspection of a target, conprising: . scanning the
target wilth Taensthpdseliped Bedaincbuigslnding gEaduciag as imggerwise displavel 9&bm af t er

it has b RYighings B¥relnfgbaCt i on with respective portions of the target
and prod%‘e{&ﬁg tflnme- orﬁae?r? sl?'gnal i ndi cative of the nodifications;

14. The method defined by claim 11 including simuitaneously producing an image-wise display

of said time-domain signal.

15. The method defined by claim 14 including inverse Fourier 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.

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 I1 wherein said converting comprises Fourier transforming.

19. A method of processing a time-domain signal derived from an acoustic microscope,

comprising converting the signal into a frequency domain representation of the signal that shows
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gating the signal segnent to isolate a pixel-representative segneh2 MAY 2005
thereof; converting the gate-isolated signal segnent to a frequency donain
representation of frequency selective nodifications to the pul sed acoustic
beam produced by said interaction with said target, in the frequency
domain of the signal; -8 2 MAY 2005 identifying a selected frequency
conponent of the signal; and producing an i mnage-w se signal representing
many pixels in an image wherein the information in the

pi xel -representative signal segnent associated with each of said many

pi xel s i Sreqamcprgibdtive dexdifvdtibmaite thesidnalecanfedttyantemcdors el aacicewbtit siggalevithya

conponent nodifjed by the  respective portion of the target. 12. The nethod
defi ned e sfrouets i W&%F%Pgémﬂ?eéﬁ%m_ﬁﬁl%&w]&%ﬁ?ﬁ ?ff%f‘i%wé@re §¥ai n
representilel _%%np]—i%de%u[ﬁ?éd% RRLERSEoBofdnfbMht sénstd MY HGmBFAFACI NG an

i mage-w Se display of said requency domain representation. 14. The net hod
defi ned hsspedtaveottion of theltardétng si nul t aneousl y produci ng an i mage-wi se

di splay of said tinme-domain signal. 15. The net hod defined by claim 14
i ncluding inverse Fourier transform ng said frequency domain

repr esental imae niethod defifdR WM 95hd0dthg pRadcinb e Bhdve SAkSdikTREer Migse di spl ay
of said time-domain signal displays t%e result of said inverse
t r ansf or ffeapency gomgngenresentionef i ned by clai m 12 i ncl udi ng nmodi fyi ng sai d
frequency domai n representation before said inverse transform ng
operation. 17. The nmethod defined by claim16 wherein said nodifying
conpr i se2lafhdnrting defihaihyndaim@0 indbdieg winadtahddukle proigcivgiad ihagauisadipldpnai n
representatign. 18. The t hod defined by claim11l wherein said converting
conpri se® ﬁﬂgﬂﬁﬁfqpﬁghgg mng. 19. A nethod of processing a time-donain
signal derived froman acoustic m croscope, conprising converting the
signal into a frequency domain representation of the signal that shows -9-
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 showing frequency selective modifications to the signal caused by interaction of an
acoustic signal with a target, said frequency domain representation further comprising a plurality
of pixels where each pixel is amplitude modulated by a frequency component of the gated time-

domain signal from a respective portion of the target.

24. A method of processing a time-domain signal derived from a scanning acoustic microscope,
comprising:
gating the signal to isolate a pixel-representative segment thereof;
converting the signal into a frequency domain representation of the signal that shows
frequency selective modifications to the signal caused by interaction of an acoustic signal with
respective portions of a target;
in the frequency domain of the signal, identifying a selected frequency component of the
signal; and '

producing an image-wise signal representing many pixels in an image wherein the

~10-




--------- 2 MAY 2005 frequency selective nodifications to the si?gqjm 2005
caused by interaction of an acoustic signal with a target, said Trequency
dormai n representation further conprising a plurality of pixels where each
pi xel is anplitude nodul ated by a frequency conponent of the sensed pul sed
beamfroma respective portion of the target. 20. The method defined by
claim19 including producing an i mage-w se di splay of said frequency

dormai n representation. 21. The method defined by claim 20 including

si mul t aneously produci ng an i mage-w se display of said tinme-donmain signal.
22. The mﬁbhﬁnhodaf;sionﬁtédbm}odaaih m‘ shel mhreyr gikels Baarlamglitvdy moddatedginé siake
Fourier transform ng E{-hg of processing.a gated t] nme-domain

si gnal dé?la\?%]&"t?‘? ‘Bﬁqtﬁnﬁmogwn%a PHFTIRECS AL YU FBHE S MEBNEIT STFHECEDEr i er
transfor?;bﬂgmtg@@ﬂe% gpal to a frequency dommin representation of the signal
showi ng frequency sel ective nodifications to the signal caused by
interaction of an acoustic signal with a target, said frequency domain

representation fuyrt S| ural it f pixels.where ch pi xel .
Pt caud Pnatston S s uBnE bistsk ap o Red S SRR R Do
si gnal frrgm:@nfaﬁ@rpectl ve portion of the target. 24. A nethod of processing

a tinme-domain signal derived froma scanni ng acoustic m croscope,
conprising: gating the signal to isolate a pixel -represent ative segnent

h f- I . '
g S L A e
caused bybeion¢ etidkehtdficadbn afe @detedtftequaicy vampmenhof thesipedt i ve portions of a

target; in the frequency domain of the signal, identifying a sel ected
frequency conponent of the signal; and producing an inage-w se signal

repr esentiNgLHERYLJRAI B By el JdREENREE SAAiA DS comPHsite MOHiARNY Shading, or

otherwise filtering said frequency domain representation.
28. The method defined by claim 24 wherein said converting is a Fourier transform process.

29. The method defined by claim 24 wherein said frequency component comprises a single

frequency.

~ 30. The method defined by claim 29 including inverse transforming said frequency domain

representation.

-31. The 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.,

-11-



informati on associated with each of said many pixels is an anplitdh%‘mxfzmﬁ
nodul at ed val ue of the said sel ected frequency conponent of the

pi xel -representative signal segnent froma respective portion of the
target. 25. The method defined by claim24 including inverse transform ng
said frequency domain representation. 26. The nethod defined by claim?24
i ncl udi ng nodi fying said frequency domain representation before said
identification of a selected frequency conponent of the signal. 27. The
met hod defined by claim26 wherein said nodifying conprising apodi zi ng,
shading, or otherwise filtering said frequency domain representation. 28.
The neth efi ped by c¢laim24 wherein said converting is a Fourier
transfor%gpgdegg@?u“’ }ngﬁémW@FWB§f3§¥gﬁéﬁmH§mE$éin124 wherein said

frequency conpoReRl tEOmRE! WRS a FulbdYUloBsticleBf URRSHe 3 Qulstd BehhR % s bided
by claim 29 including inverse transform ng said frequency domain

r epr esentedifiad. bydnteractivrewitle thedargetefid peulubyg ol fustmn4dankedn signal dudichtive effbency
conmponent colaﬁiﬁgs a band of frequencies. 32. The net hod defined by claim
31 incIu&Fﬁ&qf V& se transform ng said frequency donmain representation.

33. The net hogdrqiedsingadidtimddhah Sibniihe bRiducedfrequehSriddiaimfprlsgitaniofic| udes
determ ning the dom nant_ frequency in said selected band of frequencies. 2
MAY 2005 freguencaseieitiye nadiftertionsit thequllsed aprastis beampproguaed by said inteyastiongyifly:
scanni ng I k- .sed acoustic beam sensing the pul sed beam
after itrﬁggﬁhgéﬁﬁ&ﬁ%%f$#€%ﬁ%g interaction with the target and producing a
first time-dommidifyiggaidlfreqmthce dbingi@ sighal ysing apreddisrmideddier fiypctdoeasd ng sai d
ti me-domai n signal .to produce frequency donmai n representation. of
frequency sel Garyepineali modiied ravency domaintienalip meeshad WEcdamAnSieBaLSbEDy

sai d i nt QLRAGELAR (M dbmdif SBEA MR BRADARDE pREalZRb LT RERSE components from the

- respective portions of the target that have been modified by the predetermined filter function.

35. The method defined by claim 34 including producing an image-wise display of said second

time domain representation.

36. The method defined by claim 35 including simultaneously producing an image-wise display

of said frequency representation.
37. The method defined by claim 34 wherein said converting comprises Fourier transforming.

38. The method defined by claim 34 including producing a simultaneous image-wise display of

said first and second time-domain signals.

39. A method of processing a first time-domain signal derived from an acoustic microscope,
comprising converting the signal into a frequency domain representation of the signal that shows
frequency selective modifications to the signal caused by interaction of an acoustic signal with
respective portions of a target, modifying the frequency domain representation of the signal using

a predetermined filter function, and converting the modified signal to a second time-domain

-12-




modi fyi ng said frequency donmain signal using a predeterm ned Filtdr? MAY 2005

function; and converting said nodified frequency domain signal to a second
ti me-domain signal, where said second tine-domain signal further conprises
a plurality of frequency conponents fromthe respective portions of the
target that have been nodified by the predetermned filter function. 35.
The met hod defined by claim34 including produci ng an i mage-w se di spl ay of
said second tinme domain representation. 36. The nethod defined by claim35
i ncl udi ng simul taneously producing an i mage-w se display of said frequency
r epr esentsghaldavinga. diffdsrentrimhgm@bncbaf ihlaedaidbﬁrsn timerdoddhindigadiwhegadatt @oonder ti ng
conprlses Fouri er trﬁq@%ornln . uﬁz'ﬂl'he t hod defi ned Q% claim 34

i ncl udi n§p57 T Hgn Béti £ éﬁﬁépl o %%wﬁﬂgﬁF@9n%ﬁs YUTFPEGIVEL and
second t i;oRHO HP‘EhQ tat b Ak Bavediten MolBiD 8] 1Rl prolcRe @Rl Mhefrubbtott i me-domain
si gnal derlved roman acoustic m croscope, conprising converting the
signal into a frequency donain representatlon of the signal that shows

e PR R ke B e SRR R BBl =

frequencyttenne ﬁltéﬁigrﬁﬁﬁﬂi’écﬁbm@rﬂoﬁfaxdﬂéﬁreﬁnﬂﬂ@h using a predetermned filter
function, and converting the nodified signal to a second tine-domain -12

------------ MAY 2005 signal having a different inmge content than said

first ti g E?r]r Eh 'dgﬁgl%d l}%ﬁ@?ﬁzmlgdlﬁggﬁgﬁ%x}gé EIF Iom i% & %ﬁq%%f sa %epoeﬁd

conprises a plu espec rons of
t he targehnddmﬁmmamﬁsheanmnndlf|ed by the predeternlned filter functlon
40. The net hod defined by claim39 wherein said nodifying conprises
apodi zi ng, shading, or otherwise filtering said frequency domain

repr esentt ipB mefhbd &hﬁem@i ha A%aa&ﬂw% Qmuﬁﬂaﬁéo%lg %rddﬁ‘é % ngag%r@gy ﬁisﬁlgy an

i mage-wi se di splay of second donmai n representation:
met hod deffsaid drebyyency mipmsdiatianc| udi ng si nul t aneousl y produci ng an i nage-w se
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 into a frequency domain
representation of the signal that shows frequency selective modifications to the signal caused by
interaction of an acoustic signal with respective portions of a target, modifying the frequency
domain representation of the signal using a predetermined filter function, and inverse Fourier
transforming the signal to a second time-domain signél having a different image content than
said first time-domain signal, where said second time-domain signal further comprises a plurality
of frequency components from the respective portions of the target that have been modified by

the predetermined filter function.

46. A method of processing a first image-wise time-domain signal derived from an acoustic

13-




" . . . . 1 2 MAY 2005
43. The net hod defined by claim39 wherein said converting conprises

Fourier transformng. 44. The nethod defined by claim39 including

produci ng a sinultaneous i mage-w se display of said first and second

ti me-domain signals. 45. A nmethod of processing a gated first tinme-domain
signal derived froma pul sed beam acoustic m croscope, conprising Fourier
transformng the signal into a frequency domain representation of the
signal that shows frequency selective nodifications to the signal caused by
interaction of an acoustic signal with respective portions of a target,

nodi fyi ngnibﬂ@gc({pe,agw@ﬁ@mg; domai n representation of the signal using a
predeterm ned filter function, and inverse Fourier transformng the signal
to a second t ieAnedBabienal&e plaie anivslnepraseatativeregment thergel cont ent than  said
first tinme-dongi ' : [ I e i L er
conprises a p%&@F&H@%P%éggﬁ%&g%%%gF\%ﬂsr&??%{% t fgh?belg%g?%aift \E/Heot‘%orti ons
of the t dregedncy heltctivavendifationsadittiel sighabgausddisy ipteegtdreofanedudtic lsigaal with

function. 46.. A method.of processing a first inmage-w se time-domain signal
derived fFPORYIYS PREWREPfRtareeg. o T . .- 12 MAY 2005 nicroscope,

conprising: gaf iHeGrehiinc U8R of thel s Bl RnALM EetcRB TRIBHA LI MForRROSRRL
t hereof; converting the signal into a frequency donai n'representation of
t he si gnalignehat shows frequency selective nodifications to the signal

caused by inter ion. of an acpustic signal w.t;h .respective,port.i of a
Carget: In tneieihEbeRnd R Erl e in e aidrer R A Qe
f r equencyrugizposignt of the signal; nodifying the frequency domain

representation of the signal using a predetermned filter _functjon; and
i nver se Four i érversediourientFAnpigrming thy signal torpsodice g gecond iegeonige timgglomains e

ti me- dongy ' . I: [ I y jve
por 1 ons | RRRREnE ARRTBAR A th TR iR gkl AR ERELVESBRES 1T ve
si gnal sdafrenbticsis tod pikadepedehtative digeed tegmantindseriated withiatieast a number of said
many pixels is amplitude modulated by respective frequency components within the pixel-
representative segment and where said amplitude modulation has been altered due to said

modification of said signal by the predetermined filter function while in the frequency domain.

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 that produces a focused, pulsed
acoustic beam;

a signal processor including an acoustic pulse sensor, amplifier and pixel gate coupled to
said pulser that produces a time-domain representation of the acoustic beam after it has been
modified by interacting with respective portions of the target; and

a frequency domain converter responsive to the output of said signal processor that

- 14-
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many pixels is anplitude nodul ated by respective frequency conponents

within the pixel- representative segnent and where said anplitude
nodul ati on has been altered due to said nodification of said signal by the
predetermned filter function while in the frequency domain. 47. The

met hod defined by claim46 wherein said nodifying conprising apodi zi ng,
shading, or otherwise filtering said frequency domain representation. 48.
The net hod defined by claim46 wherein said converting is a Fourier
transform process. 49. Apparatus for inspecting a target and producing a

f r equenc bR A frdq@Bics Yoniani reprdsediation 98 freghenty shecdMbdifiSatins to the asqusiisi ng:
a scanni ng acoustic m croscope having an acoustic pul ser that produces a

f ocused, bgam geaducedduisaid intersting with hegaraet. prid dedusasy doredin ERPFRFCHA BB ¢

pul se se s i i | t i t
producesggggP%ggghhéﬁﬁg?@%ggggﬁggfggﬂﬁéﬁq%ﬁg&gg%ﬁg?égh%%gﬁ%g?%ﬁ%a?t has
been nodbinpetknbyf thetekarpilsed bear: rorres pepdctivepqtion ofths tangett he target; and a

frequency donmai n converter responsive to the output of said signal
processor that -14 2 MAY 2005 produces a frequency donmai n representation

of frequepcyng Qgr)]&ﬁtw@eﬁqe@t} LIGR kORR IRl RGPMSTobR cRERNY BERIAGEdailly sai d
interacting wth the target’, said frequéency domain representation further

conpr i si fgqgaenel domhintopnefitepi xel s where each pixel is anplitude nodul ated by
a frequency conponent of the sensed pul sed beam from a respective portion
of .the target. 50. The apparatus defined by claima49 including inverse

t ransf or r91CiThe dpparstus QMEE By 1P whaleth safd REAVERE ¥ dRdRieNraRibReier. 5 1. The
apparatus defined by 49 wherein said converter is a Fourier transfornmer.

- 52. Apparatus useful in the inspection of a target, conprising: neans for
SPINLD SORRLHE AL BYSR, ARl Sppameans Tor sereing the
produci ng a t ineansifuiséannihigathrgenwitle aphided aouitiecbeamdi fi cati ons; neans for
gating t he si S%x?eaalns 0(1? scianssgg@[ﬁee pu serc)lib)égrln_arftg irt ﬁgseb%%r? Ho\éx%ea%g rirx%en}actgor?lev[fit Oth
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 into a frequency domain representation of the signal that
shows frequency selective modifications to the signal caused by interaction of an acoustic signal
with respective portions of a target;
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 amplitude modulated by the said selected frequency component from a respective

portion of the target.

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
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means for converting the signal into a frequency domain represent aty DMAST200H
the signal that shows frequency selective nodifications to the signal
caused by interaction of an acoustic signal wth respective portions of a
target; neans for identifying in the frequency domain a sel ected frequency
conmponent of the signal; and means for producing an inmage-w se signal
representing many pixels in an image wherein the information in the

pi xel -representative signal segnent associated with each of said many

pi xel s is anplitude nodul ated by the said selected frequency conponent from
a respectuispry opsid iimp-dofnainhsdgriabr get . 53. The apparatus defined by claim52

i ncl udi ng neans for producing an i nage-w se display of said imge-w se
signal. 54. The apparatus defined by claimb53 including sinultaneously
produci ngsaf,é ARARIW Rfincd Byclfid 4 whAO saldi BRY @I Ploniises EdubRr #8RRIrMing.
signal. 55. The apparatus defined by claim52 wherein said converting
conprises Fourier transformng. 56. Apparatus useful in the inspection of
a target, cC ri sing..,means for.sc ing the target with a pul sed acoustic
beam —rrefis APEIRE HETHYT (BT T BOHRr s T 1€ has been modi {1 ed by
interaction Wiielnd fo€scahn@ing eHe taiae witto4 pelbdiitacaudtic b8dmy | me- domai n si gnal

i ndi cative of the nodifications; means for processi ng said time-donain

si gnal to prodnsees far sengige deayplised heam afterdprasbeen mpdidiad by interaciioa vith the| ect i ve
modi {1 calf 008k BrdilEnPH G BrRCRISH] GRS AT ALOCHARE iR Al gy | Nt er act i on

W th sai arge ere sal requenc% omail n represen{a ron is anplitude
nodul at ed by n&ahy fof p@oeying eai cintrdontdin tineal s€ podacepLirsmdndyeidamafnr om a
respective portion of the target.; ans for nodjfying said freguepcy .
donai n sirgpfesentaiphel FepiagetedcHnEglfiepos ¢ thiep sefhacotssizcbenmedligs by said
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' by a frequency component of the sensed pulsed beam from a respective portion of the target.;

means for modifying said frequency domain signal using a predetermined filter function;
and
means for converting said modified frequency domain signal to a second time-domain

signal.

57. The apparatus defined by claim 56 including means for producing an image-wise display of

said second time domain representation.

58. The apparatus defined by claim 57 including means for simultaneously producing an image-

wise display of said frequency representation.
59. The apparatus defined by claim 56 wherein said converting comprises Fourier transforming.

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,
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57. The apparatus defined by claimb56 including neans for producin&;zaﬁAYZUOS
i mge-w se display of said second tine domain representation. 58. The
apparatus defined by claim57 including means for sinultaneously producing
an i mage- w se display of said frequency representation. 59. The apparatus
defined by claimb56 wherein said converting conprises Fourier transform ng.
60. The apparatus defined by claimb56 including neans for producing a

si mul t aneous i nage- w se display of said first and second tinme-donain
signals. 6 1. Apparatus for processing a first tinme-domain signal derived
from an acopsding nicroscope -16 1 2 MAY 2005 conprising neans for

converting the si i nt.o freque domai n re resentatj on the gnal
that shows fwsau%n gpﬂge“rle%&evs@nﬁﬁa Y EeAP B PR RESSTAeR O s%%la@

i nt er act LRy Ifeq@bnd GOS Vet &liS@ibns WikdksisRs BRGEd %em&?écttlbﬁ) Bﬁarpztcoﬁstk%'i af
means for nodi fying the frequency domain representation of the signal, and

nmeans foMmbdﬁmeﬂnwmgﬁmme0ﬁ©ﬁﬂ$¢£d S|gnal of respective portlons of the
target to a secon ti 0 |n SI avin ent e content
Lol T B e bR PR el ®D BB el Ralibd SEREREATRRS, SO0 ST
further conprees for @nvedng the Iﬂ(ﬁdlﬁédaﬁgtﬁm 6¥resspaRawMidnstof ée thavito akeend

nodi fied by the neans for nodifyin 62. The apparatus defined by claim®6l

i ncl udi n§meedpmain Henah paduet Aglernt 1%%@@%%@411 sgps) gt tyne-damapig S@@é’o\ﬁlaﬁr% i me
donaln r [
R L e B T R S ST
represenbaﬂnﬂnmﬁsébyﬂhemmn&ﬁmakﬂﬁyMgf|ned by claim 61 wherein said neans
for converting conprises Fourier transformng. 65. The apparatus defined
by claim 61 including nmeans for producing a sinultaneous inmage- w se

display @b & ﬂé Qgﬁaﬁft&ldeﬁﬂgd 5£a80H6 T infRdFe TRaRs for FRALSIng 8P imaER&iEEIBALY of

defined by clai i ncluding nodifying said tine-domaln signal before
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.

68. The method defined by claim 31 wherein said step of producing includes determining the
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processing it. 67. The nethod defined by claim 66 wherein said mod} £yMA¥g2005
conpri ses wi ndowi ng, shading, or otherwise filtering said tine-domain
signal. 68. The nethod defined by claim31 wherein said step of producing
includes determning the -17 2 MAY 2005 |owest anplitude in said selected
band of frequencies. 69. The nethod defined by claim 38 including producing
a third i mage-w se display of said frequency-domain representation prior
to converting. 70. The nethod defined by claim42 including producing a
third sinultaneous i mage-w se display of said first tinme-domain signal. 7
1. The midwsstarmsiitudeciel sbiy seleatcdrbahdl afieljusicizg. produci ng a third sinul taneous
i mge-w se display of said frequency-donain representation. 72. The
apparatus defined by claim®60 including nmeans for producing a third

si mul t anggu 3. The
Sopar o w20 HEBRE AT ) GRS (DR rolia i R RSN AR

si mul t andegeency-dageinvewesediasph prjorgh cemiedinigr equency representation. 74. The
nmet hod defined by claiml including digitizing said tinme-donmain signal
before processing it. 75. The nethod defined by claim66 including inverse

transf or fpnghg ﬁieﬁloﬁrdéﬂh@r@%iﬁﬁml ifcludif@ pRYGEAhAL IR sififltanth® ifREHAkedef | ned
by claim! | including digitizing the gate-isolated signal segment prior

to conveKh%ﬁ@TﬁEMdﬁﬁﬁﬁmﬁ ofrgithwghadief i ned by clai m 68 including inverse
transform ng said frequency-domain representation. -18 2 MAY 2005 78. An
acoustic mcro imagi ng nethod useful in the inspection of a target,

conpri Si I7g; The method defined by claim 44 including producing a third simultaneous image-wise

display of said frequency-domain representation.

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 simuitaneous

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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scanning the target wwth a focused pul sed acoustic beam sensing H@WI@%
beam after it has been nodified by interaction with the target and
producing a tine-domain signal indicative of the nodifications; and
processing said tine-domain signal to produce a frequency donain
representation of frequency selective nodifications to the pul sed acoustic
beam produced by said interaction with said target, said frequency domain
representation further conprising a plurality of pixels where each pixel
is anplitude nodul ated by a phase conponent of the sensed pul sed beam from
a respedsi mananstibmcmfimagiagmﬂ@dmeﬁmin tﬁmmamtim ofta targer, oompmgngg net hod

useful in the ins ection of et ISI scanning the target with
a focused pul SE&I" G%Wgét‘ﬂggﬁ& g‘sﬁjsﬂ“llﬁjgla %F%QH beam after it has been
nodi fied by i Bégf n%%é sé&'HeE&ntah@r f 849%kn %&ﬁeﬁ%?%@ﬂa&ﬂmawﬂtﬂ ﬁﬁ%tﬂgéf%hdi‘ S' gnal
i ndicative of the nodifications; processing said tine-domain signal

produce @rddueipgarione- @mmn ﬁlgn@lpm@%!mafth@mwﬁﬁcaﬂo@qmcy sel ective

nodi fi cati ons '{,Ooetshn%cfg tIseéj acolust i g am P ﬁ_uc% A saal de |enﬂ§ﬁact0| on with
said target; &nOCpf ho S?%“?H&&B vﬁ’g{e dreprsdf B?Y TP FPESTEAEY Y%omai n

- I epr esentfagu@ity eélediive mdaq@baﬁmcsab it filsed abshstiB& T Prodeced b Aia Intbrdétidhelith
conprising a plurality }Hg)l xel s where each pi xel is anplitude nodul at ed

by a pha§érdéer&ﬁo$?&mfrewen% madmEpEspuniad U ePIPERNSA PEgibe of Rikels pherei on
of the t%%&gélxgqgg@@%@&ﬁgé&lh@d P%Qrp?laéer@) Bgeﬂz‘%ﬁ{BQQBﬁ’sﬁgpﬁﬁgedt%a&q?om a_

i nspection et, conpris Scanni targe ocused

pul sed acespsttive poaamofsiensigag t he pul sed beam after it has been nodified by
interaction with respective portions of the target and producing a

ti me-dormai n signal indicative of the nodifications; gating the signal

segnent 17 i80lBh&icaniPioilaping PeBRRNakl Mans RYpRAbn Ef‘@fa?g%f compRENE rt' ng the
gate-isol ated signal segment 'to a frequency domain representati o

frequency sel eeanining th@targetwahla(fwt?@cbptﬂm apolstieieamtoust i ¢ beam pr oduced by

said interactign, wih I yeam afier it has been modified by interacfion with ihie target and

producing a time-domain signal indicative of the modifications;

processing said time-domain signal to produce a frequency domain representation of
frequency selective modifications to the pulsed acoustic beam produced by said interaction with
said target; and

producing an image-wise display of said frequency domain representation of the
modifications, said image-wise display further comprising a plurality of pixels where each pixel
is amplitude modulated by a phase component of the sensed pulsed beam from a respective

portion of the target.

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

scanning the target with a focused pulsed acoustic beam;

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

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

converting the gate-isolated signal segment to a frequency domain representation of

frequency selective modifications to the pulsed acoustic beam produced by said interaction with
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12 MAY 200~ said target, in the frequency donmain of the signal; 12 MAY 2003
identifying a selected frequency conponent of the signal; and producing an
i mge-w se signal representing nmany pixels in an i mage wherein the
information in the pixel-representative signal segnment associated with each
of said many pixels is anplitude nodul ated by a phase val ue of the said
sel ected frequency conponent nodified by the respective portion of the
target. 8 1. A nethod of processing a time-donmain signal derived from an
acoustic mcroscope, conprising converting the signal into a frequency
domai n r epdesedt] atthofeqindynibnsiigoihe tipadl; shows frequency sel ective
nndificationskio. he signal caused by interaction of an acoustic signal
with a targefdentiying &sekgicd SeguaisherAPonspr b HigRalgids ur t her conprising a
plurality of ?f&&@éiﬁg%ﬁﬁfgeﬁﬁ?y@sigﬂl ¥hreshtiraMRAry s RHShateghd¥in dPhase
conponent of the sensed pul sed beamfroma respective portion of the
target. @dformetiontinthe pirfel pepoesenteiivepignalsegadnt dspsiadeshwitineach gfi sdid deny pixdlsfis om
a pul sed be cousti.c,. m craoscqgpe onpri sin ourier transform t he

21 na TGRSk PHeF SOPEOCRE TR it RS g Blnfirge vy B
frequencymgaﬁﬁ@bbﬁganQEﬁmgaxions to the signal caused by interaction of an
acoustic signal with a target, said frequency domain representation further
conprising a plurality of pixels where each pixel is anplitude nodul ated
by a pha 0 . e I MR- i i ective
portion c?? ) h}@@@g@g@ﬁ&gg{ﬁg ﬁ%ﬁrr%t(ﬁ)ggdé] Aggg%aggé%seg ifﬁ)lgga %O[r}getf& ol?rléolrsﬁ si gnal
derived feomprising cavetting tiecagisl into afrequencoiemain espagaentstionpf taadignad tHabhehosisgna
to isolate a pixel-representative segnent thereof', copverting fhe sjgnal
into a f rf@au%ﬁwﬁa%waﬁwdﬂ@a%@éﬁﬁm%ﬁ erseY igtegstipn ohamaceysis Ent Bl ncy
sel ecti ve,andidd ffeRl adiid &gre%élﬁﬁﬁin fﬁﬁh&%@impﬁsihga Bl Ofpifdis AReReqYSt i C
signal wt respective portions of a target; i n The frequency domai n of

t he si gnalixel iscenplitddeimeduinteEhyer phabe fcpmpomntyl tho saueetanised foearh dronsd gapsctivand

=20 portion of the target.

82. 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 showing frequency selective modifications to the signal caused by interaction of an
acoustic signal with a target, said frequency domain representation further comprising a plurality
of pixels where each pixel! is amplitude modulated by a phase component of the gated time-

domain signal from a respective portion of the target.

. 83. A method of processing a time-domain signal derived from a scanning acoustic microscope,
comprising:
gating the signal to isolate a pixel-representative segment thereof;
converting the signal into a frequency domain representation of the signal that shows
frequency selective modifications to the signal caused by interaction of an acoustic signal with
respective portions of a target;
in the frequency domain of the signal, identifying a selected frequency component of the

signal; and
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12 MAY 2005 producing an inmage-w se signal representing many pixel g MAY @05
i mage wherein the informati on associated with each of said many pixels is
anpl i tude nodul ated by a phase value of the said sel ected frequency
conponent of the pixel-representative signal segnent froma respective
portion of the target. 84. A nethod useful in the inspection of a target,
conprising: scanning the target with a pul sed acoustic bean sensing the
pul sed beam after it has been nodified by interaction with the target and
producing a first tine-domain signal indicative of the nodifications;
processi ng sapthduting adl inaperwisd ggel rdp@es&ﬁtﬂm@ﬂﬁﬂy@lidlﬂquﬁﬁﬁygdwﬂmlﬂ the
representation. of fre%uency sel ective, se nodi fications to the pulsed

acoust i ¢ IHeupAtioRsEReeBErdpYithcaphyof sat @ﬁ%ﬁi#%lwfrwhw@gﬁ@é fated by grmbass@ivss
said tar rm ned
filter f%ﬁ%?ﬁgﬁ%kthggE@ﬁ@ertlﬁ ﬁ%ﬂﬁﬁg?¥?g§ﬁ%?%gﬁgﬁ%ﬂﬂS%mﬂ%ﬁﬁg%ghal to a

second tﬂﬂpadnwmnnxmnﬁﬁanmgWhere said second tinme-domain signal further
conprises a plurality of frequency conponents fromthe respective portions
of the target that have been nodified by the predeternmined filter function.
85. A netghod QbthPd Q&@RSh B idspbétichlofbitdBetdQMrRingt gnal derived from an
acoustic mcroscope, conprising converting the signal into a frequency
domai n repr es&erIAMEERe tafget Wish 8 ipglsed aqon&‘ctc @hmsensmg g@@lﬁ@? beash altariitdms been
- nodificatjo 0 e SI Cause eraction N _aeQustic
o gnal vt B R BEPRRS Duth el A o SR S S heS ieRe S B
r epr-esentmaddifidutions; t he S|gnal usi ng a predeternlned filter function, and

converting the nodified signal to a second tinpe- donmain_signal haV|ng a
different i rra@éocéﬁfﬁ%geﬁsrtd ttfﬁf‘aﬁf’@%lp dignplite praduegea &mnw donepimreprespiEtionod d

second ti r & Versus
frequency gﬁ%ﬁ?ghqgﬁgwﬁyégggg?g3£%% ?gé%%gg%%t%%g$¥§géet t at have been

nDdifiedimwmmh®1wnbdmp@nncp@ﬂoms¢ﬁﬂmﬂtmgdnct|on 86. A nethod of processing
ag&edfirﬁ |n Si

derive fron1a ulse eam acous
i oroscope, D BERBRRBARTEY SPRARSI AN § HEISHGHA TR BnsOrT Efbency
domain  -21  converting said modified frequency domain signal to a second time-domain signal, where
said second time-domain signal further comprises a plurality of frequency components from the

respective portions of the target that have been modified by the predetermined filter function.

85. A method of processing a first time-domain signal derived from an acoustic microscope,
comprising converting the signal into a frequency domain representation of the signal that shows

. frequency selective modifications to a phase of the signal caused by interaction of an acoustic
signal with respective portions of a target, modifying the frequency domain representation of the

- signal using a predetermined filter function, and converting the modified signal to a second time-
domain signal having a different image content than said first time-domain signal, where said
second time-domain signal further comprises a plurality of phase versus frequency components
from respective portions of the target that have been modified by the predetermined filter

function.

86. A method of processing a gated first time-domain signal derived from a pulsed beam

acoustic microscope, comprising Fourier transforming the signal into a frequency domain

21-



2 MAY 2005, representation of the signal that shows frequency sel e MY 2005
nodi fications to a phase of the signal caused by interaction of an acoustic
signal with respective portions of a target, nodifying the frequency

dormai n representation of the signal using a predetermned filter function,
and inverse Fourier transformng the signal to a second tinme-domain signal
having a different inmage content than said first tinme-donain signal, where
said second tine-domain signal further conprises a plurality of phase
versus frequency conponents fromthe respective portions of the target that
have beenmepredhthii@toftiiie tieal fhae sletvariraquadyfselkétbe riddiidations to@ phad ofglidwighadf
processing a first imge-w se tine-donmain signal derived from an, acoustic

ni cr oscosaused Byprsractiog of g acoystia fignak pifh 4¢speive pertieneota igraeb madelgingdt at i ve
segnent i . i ks i :

" epr eoent aa ey dpPARNELt LAY PLRL SRR URER g Ll AHET Pl ORI v o
t 0 a phadeuondr ttahefosnigpdic signabech dsyondriines-dorhaionigodl haming ealuffdren imsgegroateniv t h
respective portions of a.target;.in the freguen donmi n.of the signal,

| Gont s 1 yi R ST Hb e R0 SRS PP ToD AT RS ¢ he

f r equency, | dRRioNpkEROLESATtRLERY cBinpbhtdIh&Ss theQbspehBeToBtk oP ik M@ that

pr edet er m ned flfter function; "and i nverse Fourier transform ng the signal

t o produdevabesesmdifiddhygee pledeicrmings fdltardingtioni gnal representing many pixels
in an image fromrespective portions of the target wherein the information
in the pixel-representative signal segnent associated with at |east a

number  of87s i glethoBOYprdtessihg a ifigst armde-wide Emenibiagt @ghddierived Bioet invophiRse
versus frequency conponents within the pixel-representative segnent and
wher e saiTd“ER§APF (WP HBEul at i on has been altered due to said nodification

of Sald si naleie $B8RNGHRLEI ARAbhklAhluReHAmLEe [ the frequency

domai n. 88. I'nspecting a target "and produci ng a frequency
donmi n repr es&nl_lm'uirgg"thc)i;ignalgab ecﬂr_equémgddmaﬂnirepregiraﬁbn ofttberpigna itheg shoaws
S g e G e O AR M b ARHEL B S heldlAln B QUSSR

signal with respective portions of a target;

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

| modifying the frequency domain representation of the phase of the signal using a
~ predetermined filter function; and

inverse Fourier transforming the signal to produce a second image-wise time-domain
signal representing many pixels in an image from respective portions of the target wherein the
information in the pixel-representative signal segment associated with at least a number of said
many pixels is amplitude modulated by respective phase versus frequency components within the
pixel-representative segment and where said amplitude modulation has been altered due to said

modification of said signal by the predetermined filter function while in the frequency domain.

88. 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 that produces a focused, pulsed

acoustic beam;
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-22 2 MAY 2006 a signal processor including an acoustic pul se sens@?,“mfzmm
anplifier and pixel gate coupled to said pul ser that produces a tinme-donmain
representation of the acoustic beamafter it has been nodified by
interacting with respective portions of the target; and a frequency domain
converter responsive to the output of said signal processor that produces

a frequency domain representation of frequency selective nodifications to a
phase of the acoustic beam produced by said interacting with the target,
said frequency domain representation further conprising a plurality of

pi xel s where ggghalpkacebsol HcRMgiah USSP ghlk@éeasor, Mipidiap Bas pixelgapsapled of t he
sensed pul sed beam from a respective portion of the target. 89. Apparatus

[ . L ar g :

usef ul i maid peisgnibgeraduses adimerdempigaenreseniagnen &f the acousticpams ater E@ahbicAg t he
target wth. I, 0, i kng the pul sed beam after
it has b&& 1%613)§f1§t§9c®§g\?§1§£e§%%ﬁ ?%hor\gmgﬁ&ttﬁé;ﬁgt% g% g%t and producing a
ti me-domai n Sk @eahencndoidih icwievetttr febpnpive id the attpons saidaipna! grocesgathang t he
signal to isolate a pixel-representati }(g segnen t.here&.f; means f.or
. conver t i MEPduRes asfrogHeticyidepanTepTesRIALAR OT HeFHeNsY SelssHRsBATEEHINS i 2 phase ¢f gnal
- that sh ' Reifih & atth aRs 2P hR§RnE¥ ddhn Si gnal

caused b@é?aﬁ%ﬁ%éﬁ?%#%@hﬁws‘égi&g%ﬁcgh%ﬁgnal \E/lml'tgt@tﬁ rlespectnie}f/e porrlti ons of a
t ar get ; mgmessntaten futthet domprisipg iarplurhiéty of picrals vdyredeanimpinelis smpbwtemofivlegdency

conmponent of the signal;..and an r oduci ng_an i nmage-w se_ si gnal
repres entR’P'ﬁgPl‘r?ﬁ‘nrlﬁpnﬁ?Qg’@’lﬁs‘)fiﬂW Sﬁﬂsr‘r’ﬁ rPBEEé &?@fﬁ?lﬂ 2 TPRECY Vr?fpé’th'Fg]ﬁf f tf’lrrge{' he
pi xel -representative signal segnent associated with each of said many

pixels is anplitude nodul ated by the phase of said selected frequency
conponent89f Agpatatus usefplde theipsnsetian o tafect, pemMPrigiRfst . 90. Apparatus useful in

the | nopect! o ks fe kahHRk Bl B A1 RSk Bl RN ng the target i ih

a pul sed acoudt§ e ans for sensi'ng ul'sed beam after it has been
nodi fi ed by i miraftsaRingitidpilfe bedrangetit Basbepr nddified by ntéractin witntbe domai n
signal indicative of the nodificatiaons; | X )
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 into a frequency domain representation of the signal that
shows frequency selective modifications to a phase of the signal caused by interaction of an
acoustic signal with respective portions of a target;
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 amplitude modulated by the phase of said selected frequency component from a

respective portion of the target.

90. 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 first time-domain signal indicative of the modifications;

means for processing said time-domain signal to produce a frequency domain
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i
means for processing said time-domain signal to produce a frequency15&%§%¥m
-23 2 MAY 20105 representation of frequency selective nodifications to a
phase of the pul sed acoustic beam produced by said interaction with said
target where said frequency donmain representation is anplitude nodul ated
by a phase of a frequency conponent of the sensed pul sed beamfrom a
respective portion of the target.; neans for nodifying said frequency
dormai n signal using a predetermned filter function; and neans for
converting said nodified frequency domain signal to a second tinme-domain
signal . SepleseRiRa Gt HéqubRdy RIceGRSEbdbicaiohs fosd pHabd1BF HOPMELY Rbektielbeder i ved
from an acoustic m croscope, conprising neans for converting the signal
into a fpeguesddy sdisialierpcienpih exid arge avhere seiddrasguenra|domgin reprgspaigsion isequency
selectiv Ll i p i | i.on of
an acoustPaiigs by bbudeRtaTEe Rk B BB FOURGH il B8 RGBT ©F
modi f yi ngespéivt pedioa e hedorp®i;n representation of the signal, and neans for
converting the nodified signal of respective portions of the rget to a
second ti me- HEAR AT BRGRENE pIR) fTRYPeRCHIOAR élﬁ{mﬁi“ﬁ‘ﬁ%é PRsoteanined A 05100 |1 st
time-dongjp signal where said second time-donain signal further conprises
a plurality of phase conponents that have been nodified by the neans for
modi fyi ng. - 2#eans for converting said modified frequency domain signal to a second time-domain

signal.

91. Apparatus for processing a first time-domain signal derived from an acoustic microscope,
comprising

means for converting the signal into a frequency domain representation of the signal that
shows frequency selective modifications to a phase of the signal caused by interaction of an
acoustic signal with respective portions of a target,

means for modifying the frequency domain representation of the signal, and

means for converting the modified signal of respective portions of the target to a second
time-domain signal having a different image content than said first time-domain signal where
said second time-domain signal further comprises a plurality of phase components that have

been modified by the means for modifying.

4.



