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20/ 5/ 2003 diffracts off the sanple; 5) an optical detector that detects the
-diffracted portion of the probe beamto generate a |ight-induced signal 20/5/2003
and 6) a processor configured to process the |ight-induced signal fromthe
optical detector to determ ne a property'%f the sanple. Further

advant ageous enbodi nents of the jnventiop are recited in the dependent
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nmeasured in an area (e.g., a circle, s§aiaEe, or rectangle) on the film
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Description of the Drawi ngs Fi [% 1A shows  an gﬁti cal systemfor Eerforrri ng
the | STErefasalingrAifsetiqmRaDendialay isthy oapntatipsy fdhploag axinas e slipssad ighy 269 t he

I nventd, 0. Bhd- THRe sc,aarfal Patil Has_ylwgl/\bé)&seg e dn @Jb%%e?&ﬁ%q@s?&tqg e 9.
1A, Fig. 1%: shows a schenatic side view of the pattéern on the phase nask of
Fi g. leAcitafiog pa@erghows a pl ot of signal intensity versus tine for a signal
wavef or m sured froma copper/tantalumnitride/oxide structure.d it ed
on 5 oi 11 caf Rarare AstheEr BRGE HAM Boviles el g B Bhe e P RERuL
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measur enent s_nmade, respecti vel %@ with and without dithering the phase nmask
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dithered excitatioh | aser according to the invention; and Fig. %C shows a
schendightindiichd signalwhofdjuaringade pbase-ob giei excitatidu ipatten; I) epreathig the prsadidtiag,
excitatjon.bea cording .to the invention, t.al l oscr lhption..Ref erring
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a t hi rinfudedsiMldiospesmihearprapatyiditlicadampll. Simlar optical systems are
described in U S Patents 5,633,711 (entitled SURENMENT OF NMATERI ﬁéﬁr_
PROPERTI ES i #qtiess #ReAk the IPYgBfie%pras patagissapmeaspripghp4rRle thapprien 1
MEASUR h%&w&w% HchMxtiMBh BSke; and U.S. S. N. 08/ 783, 04G
(entitled METHOD AND | CE FOR MEASURI NG FI'LM THI CKNESS, filed 7/15/96),

t he carenpicabfyswhi dignérhtpaetsierihpepiicalonxsitafion pebse.pepatted ibferaglepstisyo optical
reference, The syst.em 20 features a.m crochip laser 52 that. n
et i el 195 g IR ST aPalAf SE BB B R GERNORPRT, St e
65 r efdhaeitRrigeddgrat leas ook sphrial fhabsmd sphimal pericad)spgede-pljaiting dempotat v t o
generate an el ectrical pulse that triggers dat a- agqui si ti on system (.not
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t hrough the beam sputter 65 and inpinges a spherical collimating | ens 60
and a cylindrical focussing lens 64 that focus the pul se onto a phase mask
62. Referring to Fig. 1B-1C, the phase mask 62 attaches to a notor-driven
stage 16 that, during a neasurenent, "dithers" back and forth to translate
the mask 62 horizontally relative to the propagation of the excitation

pul se 12. As indicated by the arrow 63', dithering is typically perforned
in a tinmedependent, periodic manner (e.g., a sinusoidal manner). During
dithering the excitation pulse 12 irradiates a pattern 66 on the phase nask
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20/ 5/ 2003 mask vary the spatial phase of the excitation pattern in an
-increnental* fashion ranging from OE to 180E, or sone nultiple thereof. 20/52003
Since the excitation pattern is preferabl3y a sequence of parallel |ight and
dark regions, this nmeans that the light regions will nove to where the dark

regi‘ons..were d the dark regions w,ll| nmove.to ere the light regjons
ere. SRS SRS wible ST RGO PR phfPa o e BEb R 06
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fromthe mask 62 at an angle 0. During operation, dithering of the phase
mask chierticakdeiecs $p deternipe 2 prapertegf BAsae¥a, 88b to vary relative to the
el liptical a ol : - citdd] ates
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each dneapeed clpcthis applispden iIaS dgethmine: ppiptionpin thedickpessoh thg flopiihaeen12a,

12b diyerags, e dkhe i @cu%ﬂ& Odeand irradi ate an achromatic |ens pair
70 hava;{ngt a&f &ca‘F&%engt‘Eg‘?. T ekqeelneéS pair 70 focuses the pulses 12a, 12b
ont o the fiThmithpreavemeien pamrsicangpatidldrlyaiideman pullsesindinesugendntorttelre phase
mask. The |l ens paifr 70, overlaps the pul ses. on a,surface 49.of the film 10
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pat t erfikadles b ﬁluﬂ:ﬁf)&lﬁf feakbrehRatsufi@sdeb @} WeRRcAFOtHat Hidasald mbRahidend paghtt and
dark regions. The lens pair 70 is separated fromthe phase mask by a
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fil m alysied Bsastifeeheht.ght regions 111 the pattern 15 and, in response,

thermal |y expands to | aunch count er-propagating acoustic waves. The
acousti ¢ waednersgrealsetsgrils BRentpnabPryes thalk ORfsah ROEEORHE TRIHIReK Uy f ace
(e.g. 1te§1¥xiq% I @Fféd?lgd? gekéﬁﬁés%@%% of Hfidh BREG iﬁ'sg@ie%ng i@ 1 8GkVGrds AEX

change) at” the acoust requency. Once initiated, the acoustic waves are

meas uraedSTH. t Theahjskodsevilemrn® thee ipe tusasitofcpnmela fpbrdaton poeess felg., fibrcappmbia beam
20 passes throu a | i nati | ens and a spherical, lens 71 that focus
e bRl O 0 B O APRAARA B 0NEs 8 Al Bra BRI BB micBliogfiL ol 10015
por t i afieadireinbe iphobeohnamapidf(fypaslydeso tHantihg 2sssedmis @emypoint, rkofeqthioptical

di ffracted signal beam 20" that passesﬂ%reiou h l ens 76 and jnto

hi gh- SHEER phBt tufat wcllom somoreHeop Mt seetcect Farner Madeies pel geop ascmal
beam 20Q',b4Q 20$REHLALE Gihéd BBbertiRPLGEL BMERIkAGAap HIBNBE mchldted MoRpR&REFEd by
t he dataacquisition systemto generate a data sweep that is nodul ated’at

t he acbisgh thefusegliditheyingl n ot her words, the term "data sweep" will be used
herein to refer to a single measurenent. 20/ 5/ 2003 6 During a typi cal
nmeasurenment, a conputer (not shown in the figure) averages multiple data

sweeps (typically 50-500 swe@gsfDésceiptich of thgDeaveipgd to generate a signal
wavef orm 100, such as that shown in FEig. 2 , in this application, the
phase rmask i 1 s s oprehoReTe Pgﬁgﬁ%@a@ﬂiﬁ%uwmaﬁﬁ%ﬁw ‘&k@@ﬂs
in thi;ﬁmWaék%&HrHiﬁ kdedatRnh&¥i ng high signal-to-noise ratios (typically 1
part in 100, 000). Tﬁe si gnal waveform 100 shown in Fig. 2 was neasured from
a nomi nal 5185 Bahgws r sleseop piew/of Bo- dithgdpbase 1008 o4 FigstAom oxi de structure
deposi ted N f d S n | STS. Sy | sity (in units
of mlli vo?@%’?csﬁhgkvg ggc%%lagg Flﬂﬁgltg Wé’?ﬂg‘spa?tf I%O%(rgﬁih%?%as%g d ﬁlghid%’econds) . The
Fouri er tr afigf2oshowi @ ploviof siyenl sitgnay vassuseder fior 4 6igndl svavefolnh esbededfyortnae gr aph
in the figgreains_e.t.. These data idndic e that th? frequency of the signal
wavef dTORPEA A A HRTBIUIR4 OXIAG SRS deRosigtkomg: i"?'ffode, in this case is
about 270 MHz. To determine filmthickness, this acoustic frequency is

anal yzed by a conputer along with the inverse of the spacing between the

| ight and dark regions of the excitation pattern (i.e., the wavevector) and
the films density and sound velocities as described in the abovenenti oned
references. The analysis process is described, e.g., in US. Patent
5,633,711, the contents of which are incorporated herein by reference.
Measurenents can be nade at single or nultiple points along the sanple
surface. Fig. 3A and 3B show how dithering the phase mask inproves the
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dependent manner by translating a sanple nmount 13 that dithers horizontally

- back and forth (as 20/5/2003 indicated by the arrow 14). This met hod #%52003
anal ogous to dithering the phase mask, as it adjusts the spatial phase of
the excitation pattern 15 relative to thé sanple's surface 49. In this

case, the ty at aver di st ance Wi vel ocity
simlar tospag?ei v%r’r&u)kel]gs1s lrcﬁsbg?m? le‘r}%s Gitt'Heyed 9 ﬁg%"g rh%sf’l?m(t)erdafﬁ?rﬁg%niaﬁ\ and
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17) to obt
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el ect ruegralacajrgﬁgto th herestignal can be a sinusoidal, sawtooth, square,
random or any other type of waveform between 0.1 and 1000 Hz. The
notor-driven stage can be replaced with any novabl e conponent, such as a
pi ezoel ectric device. As shown i fhEliQd ArngbEhering can alternatively be

acconpl i shed by placing an electro-optic (?3t Pockel s cell) or

acoust o- opthﬁer(ieg w. FigBL agg aue)lph9al smm:d ot wes IB7FS| tn npdaeurpratthh tlo¢kngsreofefthintigm
excit at.t ses Fi n.this case, .a
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gener MEBASUREMRNTIGE MATERIAIEBRORERTIES WITHEOPTVEA LBV IR ICED hEHCNOMSE,
t hese puI ses farm an exmtatlé)é@gattern that varies as a function of tine.
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and a reflection-node geonetry to neasure the waves can be used. Such

syst erfded T/d5/ Wy ahptentens of deisk hut@évdem prewosslysmlkbrp@&/t%rﬁﬁ by @écr@nctel dihe
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el enment, such as an applitude mask, a diffraction grating, an electro-optic

modul £eBgrategp e%ﬁ%ﬂl@a% thas riegsrs ardaréc?ﬁ‘il‘i}%‘l“éh%}’“ﬁﬁe(fl%‘tﬁhot"a iRy &ﬁe@%}f% the beans

t hat fr%%&&%f%éxfcﬂdoﬁgmﬁéﬁﬁ%&-ls thitRigH ik d Eeﬁﬁlts‘pﬁﬁeﬁs%ﬁﬁ% ﬁg& 4 pelude
patterns that sinultane enerat ecrore thah one spatial “frequency, an

exci t acpﬂmmupgteneﬁwmquhnénqabfmpeﬂsmgdhne 04 @hat émueths:muéw icote pphasemask ¢Pat
contains @ het RSl el a8, 10085, SLOEK L DA S R0l BAL AL,

Li nes. For exa rve e enerate excl
pat t eriesserdmiest dﬁﬂleﬁf’ bacl&ﬁfdl fegh & trmhﬁdaﬁhE Eriack 62 h@dlz@atauya kdlatps &sthe(p!fopnghm

shapes her accept abl tterns for dif i Ve, nask e cribed in
u.S. pét%ﬁxcgaﬂf*g@u@?ég &xin qﬂ@d%@?ﬂ%@%&% SiorrRa PO R BREPTI CAL
MEASURE EM&&@&&Q@ of sis3biak) rhaver) berRfinp bRy %eyexlcmmwsah@d

her ei n erence In such cases, the dlther of conmponents may result in

a charnty ﬁtns 1 pasteetx 6 omtheqhagsanaséion that 2@85&2@@8%@@1 todndedesrogions &af§8er ent
from that [ f t [.a dark. r Ss,
a rmvehr'%en %gfe(%%ﬁglﬁgg’f gl a‘?? %lﬁlacate% # gr he at ﬂ‘P% Egh%lyﬁ?%)oq}gvﬁdl\é%érg%ap géregt ha
t he ddiya dmmue giypically betvergti ¢ nay 56 aticrbas) ahzmsesmﬁewﬁmma yeneizé of thk laéd @ddes The

Li kew se, Sui l e Ias can.be uysed to ner excitatjon and_probe
r adi aﬁpahmrwmsa ) 5’1&%1‘@ Jimgpsichs © ﬁlaprﬁmge?x 595‘2 (g“’ﬁ’i"é‘f; ‘g“ek’ﬁéé’flf 9%%9, a
di ode-gIpedeid o}’zﬁ%&ral to%Xé@em&lrm Fioama 88l BuOYBichIapSlicatiéist AOUgh
ot her | asers can be used. For exanple, tThe excitation 1aser can be a

ti t aniphrseSapbiiiangdatee backod forth SAF rangt pfjabayt 001 mer2.Pagevith » pelgiyl df 2bewéd
enbodi pp ng/se 6. Signal waveform can be analyzed to determine properties of

the sanple other than thickness. For exanple, the acoustic frequency can be
used to detBievnge ddhedithenis tﬂﬁdﬁiﬂv 'Sl;h,llalstfol thé sp&smg obthaghiteinton, the phdsaomsk,

rough nd ot her, nechani Si erti f,aghin fil In
addi t|‘§fﬁcnb6§F‘5?ﬁeﬁégF18g,Ee‘§’8F’%f e Shrltos & g‘f‘f)\%é R G e he phase
frequency can be anal yzed to determ ne ot her properties about the sanple.
For exanpl e, the shape of the waveform can be anal yzed to determ ne the
degree of adhesion, surface roughness, or conposition of one or nore of the
films in the structure. OQther properties that can be neasured fromthe
waveforminclude properties of ion inplanted silicon wafers, such as the
concentration and energy of the inplanted ions. Measurenent of these
properties are described, for exanple, in U S . S.N 08/783,046 (entitled
METHOD AND APPARATUS FCR MEASURI NG I O\IS I IVPLANTED I N SEM CONDUCTOR
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20/ 5/ 2003 9 CLAIMs: 1. A nethod fox neasuring a sanple, conprising the
~steps bf: (a) irradiating a portion of the sanple with an excitation  20/52003
pattern characterized by at |east one sp 5tlal phase and spatial period; (b)
diffracting a portion of a probe beam off” a surface of the sanple; (c)

detecting the diffracted portion of the probe bea th an opti cal dete
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detecting steps to generate an additional [ight ed si
pr ocesegouy, thrembsdng ihat icredighe tegehg wal motectoddtee thre Kierkaegwx@peert yncbthetdh¢ @gnqml e.

2. The t ho wherein t I ffr CtIV attern is formed by
over | aplg?ng g F"érﬁst ]%g/h\%teglotnf’ 51 saé:ga%f*er Ve %Fpm an initial optical

pul se. 3. Thethiseiohn morg&alpnt&n oohiffats theprildenRtndlowo pkdi@adn Pulbes@2i,92b
passed through a diffractive elenent to format |east two optical pulses.
4. Thehsatelteegt fofm ehoarnmks’ﬁ ammglerﬁ tlﬁermmqongdmheepg ebikppheesnasberwe thhe
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The nmet hod of claim5, wherein the noving step furt her conpri ses noving the

di f f r REths/kighs prehedask regiqns of thereiistian peftasH Wé‘ﬁ% dtfreix&’/‘éaﬁ‘%?u}é?? ¢ avgrappeg on the

si gnalg,m éle sIﬂs‘cerr@jdmg a%lé‘a'l ﬁieEQuﬁaméN@%ﬁieHn% B&u@%\éa%au&& ‘é L H%S a
pi ezoel eCtric device, a notor, a mechanic stage, or tion
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Referring again to Fig. 1A, the excitation pulses 12a, 12b diverge from the phase mask 62 and
irradiate an achromatic lens pair 70 having a focal length f. The lens pair 70 focuses the pulses 12a, 12b
onto the film 10 at the same angle O that the pulses diverge from the phase mask. The lens pair 70
overlaps the pulses on a surface 49 of the film 10 so that they optically interfere to form a spatially
periodic excitation pattern 15. The pattern 15 features between about 50 alternating light and dark
regions. The lens pair 70 is separated from the phase mask by a distance of 2f so that the excitation
pattern 15 has a spatial frequency that matches the spatial frequency of the pattern 66 on the phase
mask (i.e., the achromatic lens pair approximately performs 1:1 imaging). Dithering the phase mask as
described above adjusts the spatial phase of the excitation pattern relative to the sample 1n a time-
dependent manner, but does not change its spatial frequency.

During an ISTS measurement, the film absorbs the light regions in the pattern 15 and, in
response, thermally expands to launch counter-propagating acoustic waves. The acoustic waves form a
“transient grating” that modifies the film’s surface (e.g., by generating a time-dependent surface ripple
or refractive index change) at the acoustic frequency. Once mitiated, the acoustic waves are measured
with a probe beam 20 emitted from a probe laser 54. The probe beam 20 passes through a collimating
lens 55 and a spherical lens 71 that focus the beam so that it irradiates the film’s surface at or near the
pattern. A portion of the probe beam diffracts off the surface waves to form a diffracted signal beam
20’ that passes through a lens 76 and into a high-speed photodetector 80. The photodetector 80 detects
the diffracted beam 20’ to generate a light-induced electrical signal that 1s processed by the data-
acquisition system to generate a data sweep that 1s modulated at the acoustic frequency. In other words,

the term “data sweep” will be used herein to refer to a single measurement.



10 9. The nmethod of claim4, wherein the noving step further includes

movi ng' the diffractive el ement in a continuous notion. 10. The net hod of0/5/2003
claim4, wherein the noving step further includes noving the diffractive
element in an increnental notion. 11. The® met hod of claim 10, wherein the

noving ste co rlse nmoving the diffr ct| e el ene I ncrement a eps
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the fidabfeinSi.é. bt waeshettBr) andtlel filmfsi deMdi§anBls6und velddlb #O@3cribed in the above-
mentioned references. The analysis process is described, e.g., in U.S. Patent 5,633,711, the contents of
which are incorporated herein by reference. Measurements can be made at single or multiple points
along the sample surface.

Fig. 3A and 3B show how dithering the phase mask improves the position-dependent thickness

measutement using the above-described method. The y-axis for both figures has units of angstroms
and the x-axis has units of mm. Data for the figures were taken using the sample desctibed in Fig. 2
over a linear distance of 0.035 mm with dither (Fig. 3A) and without dither (Fig. 3B). To make the
posttion-dependent thickness measurements, an ISTS measurement was taken every 0.5 microns. As s
clear from the data, the measurement of film thickness using a dithered phase mask is more uniform
(having a total range of about 75 angstroms) than a similar measurement made without dithering
(having a total range of greater than 200 angstroms). Those of ordinary skill will immediately appreciate
that the thickness excursions in Fig. 3b are not an accurate representation of the thickness of the copper

film, while those shown 1n Fig. 3a are more typical.

Other Embodiments

Other embodiments are within the scope of the invention desctibed above. In other words,
other components of the optical system can be moved or altered in order to achieve the desired
variation of the spatial phase of the excitation pattern. In each case, the preference 1s to dither the
component so as to cause the spatial phase of the excitation pattern to vary between OE and 180E.

In particular, referring to Fig. 4A, the phase of the excitation pattern can be adjusted in a time-

dependent manner by translating a sample mount 13 that dithers horizontally back and forth (as



11 21. The nethod of claim11, wherein the adjusting step conprises noving a
- conponent of the optical system 22. The method of claim 21, wherein thé‘g5/2003
conponent of the optical systemis a m rr,%)r, | ens, or primand the noving
step further includes noving the mrror, the lens, the prism or a
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conpri ses ving the noynt that supports the sanple. 25 The net ho% of
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t he e@lia;eq{,lisquppgg.tﬁ”hd/\{g,h an el ectro-optic nodul ator, acousto-optic

nodul at or, a noving glass slide, or a conbination thereof. 26. An apparatus
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patterpn characterized by at |east one spatial phase and at |east_one,

spat i 8% e&eegee?daelaﬂéls %ﬁ@ﬁ%& Sew%sem fgqswaﬁed%ﬁg%egwfﬁ&) Eigatland
phase 1¢f excitation pattern while the sanple is being neasured; d) a second
| i ght source that generates a probe beamthat diffracts off the sanple; e)
an optlngaterdeditheting istahepmplishesidtygmeieg diyfelaneat efithp eysténo (e-oifthe heasp okl Wdiam
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conpr irrslgt%r—gtigf!nfsft;ggggril ]gg rele)lagergle\gittﬁ any movable component, such as a piezoelectric device.

As shown 1n Fig. 4C, dithering can alternatively be accomplished by placing an electro-optic
(e.g., Pockels cell) or acousto-optic (e.g., Bragg cell) modulator 47 in the path of one of the excitation
pulses shown in Fig. 4B. In this case, as is known in the art, the modulator varies the phase of the
incident pulse 12 and simultaneously generates two excitation pulses 12a, 12b. When ovetlapped on the
sample, these pulses form an excitation pattern that varies as a function of time.

In other embodiments, optical systems other than that shown in Fig. 1 that use a phase mask to
generate an excitation field to excite acoustic waves and a reflection-mode geometry to measure the
waves can be used. Such systems, for example, are described 1 U.S.S.N. 08/885,555 (entitled
IMPROVED TRANSIENT-GRATING METHOD AND APPARATUS FOR MEASURING
MATERIAL PROPERTIES), the contents of which are incorporated herein by reference.

Likewise, the phase mask can be replaced with a similar diffractive optical element, such as an
amplitude mask, a diffraction grating, an electro-optic modulator, or some combination or equivalent
thereof to generate the beams that form the excitation pattern. The diffractive element can include
patterns that simultaneously generate more than one spatial frequency, an excitation pattern that 1s non-
periodic, or an excitation pattern that contains light regions that are shapes other than a series of parallel
lines. For example, the diffractive element may generate an excitation pattern consisting of a series of
concentric circles, ellipses, or other shapes. Other acceptable patterns for diffractive masks are
described in U.S. Patent 5,734,470, entitled DEVICE AND METHOD FOR TIME-RESOLVED
OPTICAL MEASUREMENTS, the contents of which have been previously incorporated herein by

reference. In such cases, the dither of components may result in a change in the excitation pattern
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“is a phase mask, anplitude mask, diffraction grating el ectro-optic 20/5/2003

nodul at or, or accousto-opti ¢ nodul ator. 29. The apparatus of claim 26,

Wwherein the phase-adjusting corrponent conpri ses a noveabl e corrponent 30
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analyzed to determine other properties about the sample. For example, the shape of the waveform can
be analyzed to determine the degree of adhesion, surface roughness, or composition of one or more of
the films in the structure.

Other propetties that can be measured from the waveform include properties of ion-
implanted silicon wafers, such as the concentration and energy of the implanted ions. Measurement of
these properties are described, for example, n U.S.S.N. 08/783,046 (entitled METHOD AND
APPARATUS FOR MEASURING IONS IMPLANTED IN SEMICONDUCTOR MATERIALS)
and U.S.S.N. 08/885,555 (entitled IMPROVED METHOD AND APPARATUS FOR MEASURING
IONS IMPLANTED IN SEMICONDUCTOR MATERIALS), the contents of which are mcorporated
herein by reference.

The method and apparatus of the invention can be used to measure a variety of structures. For
example, the method is particulatly effective in determining the thickness of metal films used in the
microelectronic industty. Such metal films include but are not limited to aluminum, copper, tungsten,
titanium, tantalum, titanium:nitride, tantalum:nitride, gold, plattnum, niobium, and alloys thereof. These
metals may be included in single-layer and multi-layer structures. Other materials that can be measured
mnclude semiconductors (e.g., stlicon, GaAs, and derivatives thereof) polymers, diamond-like coatings,
and buried transparent films.

Still other embodiments are within the scope of the following claims.



7 }[9'YY: z10%y& ()-m .%0%h h& ()-m.%0%h& ()-m! "940%)& ()- "9%0%

h& ()-11 9409 () - b@ Y! 9%40%| 4| & ()-9 t 10%4| & ()- 940%4| & ()-m  20/5/2003
) &10%}| & ()- 10 h 10 h 10 hY:z10% h& ()-n$ }ASH=! 104p 104p

104p1nPA0%ip& () - FINPAO%X& () - F! &9%4.0% | L & ()-m &4.0%| & ()-m

1 94.0% & () 9$} A<SH=!I's 94.0%& ()-s

0 0% | 304008 ()-9! Y0% 4| & () - 9%0%I& ()-9) &10%H| & ()-d!!"P"" A#BH#}[ 9
+=

1044! LOY%09%44& () -! LOYYO%& ()-!LOYdO%& ()-!LOYYd0%t| 4| & ()-.s10%t| & ()-
| A0S B AR SARYAC Eorh A4 SLOMI A4 & ()11 10%] 4] & ()
(a) wrradiating a portion of the sample with an excitation pattern characterized by at least one spatial
phase and spatial period,;
(b) diffracting a portion of a probe beam off a surface of the sample;
(© detecting the diffracted portion of the probe beam with an optical detector to generate a hight-
induced signal;
d adjusting the spatial phase of the excitation pattern;
(e tepeating the 1rradiating, diffracting and detecting steps to generate an additional ight-induced
signal; and
® processing the light-induced signals to determine a property of the sample.

2. The method of claim 1, wherein the diffractive pattern is formed by overlapping at least two optical

pulses dertved from an initial optical pulse.

3. The method of claim 2, wherem the initial optical pulse is passed through a diffractive element to

form at least two optical pulses.
4. The method of claim 3, whetein the adjusting step comprises moving the diffractive element.

5. 'The method of claim 4, wheremn the moving step further comprises translating the diffractive

element in a direction orthogonal to a direction of propagation of the initial optical pulse.

6. The method of claim 5, wherein the moving step further comprises moving the diffractive element

with a movable component driven by an electrical signal.

7. The method of claim 6, wherein the movable component comprises a piezoelectric device, a motor,

a mechanical stage, or a combination thereof.

8. The method of claim 6, wherein the electrical signal is a square, saw-tooth, triangular, random, or

sinusoidal waveform.
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an incremental motion.

11. The method of claim 10, wheremn the moving step comprises moving the diffractive element 1n

incremental steps that are smaller than the spatial pertod of the excitation pattern.

12. The method of claim 11, wherem the diffractive element is translated by multiple incremental steps
over a total distance such that the spatial phase of the excitation pattern vaties by an incremental
value ranging from OE to 180E.

13. The method of claim 12, wherein the spatial period 1s between 0.1 and 500 microns.

14. The method of claim 1, wherein each light-induced signal is a time-dependent signal waveform.

15. The method of claim 14, wherein the processing step further comprises averaging multiple light-
induced signals.

16. The method of claim 15, wheremn the processing step further comprises determining a Fourter

transform of each light-induced signal ot the average of the multiple light-induced signals.

17. The method of claim 1, wherein the method further includes an analysis step to determine a

property of the sample.

18. The method of claim 17, wherein the analysis step further includes analyzing the light-induced

signals with a computer or microprocessot.

19. The method of claim 18, wherein the sample is a film or a structure that includes a film, and the
property is a thickness of the film.

20. The method of claim 19, whetein the film is included in a multi-film sample.
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23. The method of claim 21, wherein a component of the optical system is a laser, and the moving step

includes moving the laser.

24. The method of claim 1, wherein the phase adjusting step further comprises moving the mount that

supports the sample.

25. The method of claim 1, whetein the adjusting step further comprises adjusting a phase of the
excitation pattern with an electro-optic modulator, acousto-optic modulator, a moving glass slide, or

a combination thereof.

26. An apparatus for measuring a sample, comprising:

a) a first light source that generates an optical excitation pulse;

b) an optical system aligned to receive the optical excitation pulse, separate it into at least two optical
pulses, and focus at least one pulse onto a surface of the sample to form an excitation pattern
characterized by at least one spatial phase and at least one spatial period,;

¢) a phase-adjusting component that adjusts the spatial phase of excitation pattern while the sample 1s
being measured,

d) asecond light source that generates a probe beam that diffracts off the sample;

e) an optical detector that detects the diffracted pottion of the probe beam to generate a light-induced
signal; and

f) a processor configured to process the light-induced signal from the optical detector to determine a

property of the sample.

27. The appatatus of claim 26, wherein the optical system comprises a diffracting element.



108#1 LI #10% h& ()- 9%0% h& ()-L10% h& ()- $10% h& ()-10% h& ()-)10%

- h& ()-7jjjBkWkl dEYNC 10&#1 *L$10% h& ()--#10% h& ()- 110% h& () - F%O%O/S/?O“
h& ()-L9 10% h& ()-1%0% h& ()-15lj |1 mmgyEYNC 10&#1 " &@10% h& ()-° % 10%
h& ()-#3%40% h& ()-! @0% h& ()-f 10% h& @@0% h& () -m n?nnnol odBYNC

10&#! O%nh&' & % j ] % F(9%40%
h& ()(%8000063(%%l Oécﬁﬁkgﬁw%&ﬁ 52'6(0‘%& %g%fgf@ﬁ%) an)lp}hgu(?] r}%ﬁi‘% 1(()
h4! 10% héfftaktisd yrhip, Bi&cttd-opRpddstof, @?b@ousto opt1c modulator.
10! hm?d 0% | & () - &10%1| & ()-19%10% | & ()-fLGLO%| & ()-Y
"10%4 & () - 9310%4| & ()-.rrhqgqg. ra?bC
10! hntfs 0% (u)aﬁi%%@%ﬁh&% )Whege%;@Apmse(m,gsg,%&(éﬂd%egoco&pr;ggsoamg&aspe- :

10%| &' ()- rmal " "Heading 13]c" "Headin 3]c" "Heading 33]c" "Heading
43] ¢" " Heaepomgnts3] c” " Headi ng 63]c" " Headl ng 73] c" "Heading 83]c" "Heading
93] c"A "Defaul t Paragraph Font C 5+7CQ2Y_f | otvxz|~(0"irFGHI
B#RY®. 4: DFMShY?\] "bdfgi]j !l m oOp. rrJKLI\/NCPQ?STU\/V\XYZ[\]’\_ abcdef g6Ti nes New
RomanApni #hdpatadlss dielain 253adierdni the yWibnbloeotiBiknt comprises a motor or a piezoelectric
" H#SYR (()i*{r, -.10123456789: ; <=>?@\BCDEFGH JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi

evice.
31. The apparatus of claim 26, wherein the first and second light sources are lasers.

32. The appatatus of claim 26, whetein the optical system includes a mechanical stage that supports the

sample.

33. The apparatus of claim 26, wherein the processor is a computer o 2 MICTOPLOCessot.



