22 SEP 2004 WD 01/ 46643 PCT/ US00/ 35021 SCANNI NG FORCE M Cﬁ%@%@ﬁ%E
CANTI LEVER W TH REFLECTI VE STRUCTURE BACKGROUND OF THE | Eﬂ[é’fd of
the Invention The present invention relates generally to a scanni ng probe
m croscopy veppasatsus and, nore specifically, the present PCRESHMISEA rel ates
to aintegrated circuit testing apparatus. Background Informati on One use
for scanning force mcroscopes is to neasure periodic electrical signal

waveforns on or n PHHB f an

i ntegrated circui tgaAmlﬁéeﬁ?@sé)gl%ﬁ%g@d%gr am??ﬁﬂ%%\?}éﬁgwgﬁpr esent day
scanni ng force m croscope 101. RESFISHOUWEI STRUGUUREL, t he scanning force.

m croscope 101 includes a probe 113 having a cantilever 115 positioned on
or near a signal line 117 proximate to a surface 118 of a sanple 119. An

optical sourR&CHGROUNDIGITHE INWENT2ONWhI ch is directed through a beam
splitter 107, di rﬁqéeg!!tqroui}h a lens 109 and is reflected off a mrror
111 onto cantil evefE = ver 115 is coupled to receive a probe
waveform that is Theprésent ifReativrerdidtes penérlly & &keairing plobsiiBRscygy ef or ms
in signal line 117. Th&.emi nt er a%!t&i n between the periodic electrical signal

wavef or ms i n 2PPGFAHS pRGmarespesiigaliv thepresentjpvantion felatesda atinteglated 115
causes peri oQireufRschng apphrafy.i on  of cantilever 115 through the capacitive
coupling between cantilever 115 and signal |ine 117. This mechani cal
notion is detectefagkgrpupdinferaationos t hrough |ight beam 123, which is

of f of beam spl 1t o7 pegioR e rRypobkR s bheas it BURSECTC e 1 ever
115 can di r eciegfricabpigaet wayriosngombr nearea surfaceref acsanede sycitesifire  t he
o ectLarty S SRR AR R M g e e PR MO o
to any nunbelaystanpipgfercaseisrossoph1@t AsshewaimpFigumest,thé ssawprs fort®
measure  the GRAIAGHEYHP cifedla pidBe 319 M Ving dediiever 195 Basitioned on or
near a signal line 117 proximate to a surface 118 of a sample 119. An optical
source 103 provides light 123 which is directed through a beam spilitter 107,
directed through a lens 109 and is reflected off a mirror 111 onto cantilever
115.
Cantilever 115 is coupled to receive a probe waveform that is used to
measure the periodic electrical signal waveforms in signat line 117. The
interaction between the periodic electrical signal waveforms in signal line 117
and the probe waveform in cantilever 115 causes periodic mechanical motion
of cantilever 115 through the capacitive coupling between cantilever 115 and
signal line 117. This mechanical motion is detected with detector 105 through
light beam 123, which is reflected off cantilever 115 back off of mirror 111
through lens 109 and off of beam splitter 107 into detector 105. Alternatively,
the cantilever 115 can directly contact the signal line 117 and directly couple
the electrical signal from the signal line 117 to the cantilever 115 and
eventually to the probe 113. From the probe 113, the signal can be coupled to
any number of apparatuses, such as for example oscilloscopes, to measure
the characteristics of the signal.
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Figure 2 is an illustration show ng probe 113 and cantil ever 115 of Figure
1 in greater detail. As shown in Figure 2, a fixed end of cantllever 115
is attached to a chip 201. Light 123 is directed to a back?s§ §§3
cantilever 115 and is reflected off of the back side. thlon 0 cantllever
115 is detected by observing |light beam 123 after it has been reflected off
the back side of cantilever 115. Referring back to Figure 1, it can be
seen that a mcroscope objective lens 121 is used to observe and position
cantilever 115 in relation to the surface 118 of sanple 119. One

di sadvant a L.th. p i S that r ror
111 parti aﬁﬁ%we %'é?térrh@ﬁ& a[tgﬁﬁ%#qé\gﬁgr%%ﬁ g %ﬁd Iaﬁ eﬁggg Qg;g;% FecInl Y&l 5ns
121 whistail ifewhogn émBigpres?, tai foeed regd of emtildvew @15 [BlsﬁtacﬁetbtoIEechldQsadMgIm@@es W th
t he pr t i f It to
roas S AEERoTA s, e AEEE bt o R rdeh 9 Meidlef ace
118 ofcanéilemgd b151|$91etdqteqolay tbsamling ligtibeam 123 atber lﬂﬁas besn teflecied offibe dack
canti ls‘?&'eef)fcja}nﬁl ,%roﬁ rudi ng beyond the free end of cantilever 115 as shown
in Figure 1, Fe glffiCU|t to position nore than one scanning force

m croscope to rreasure mul tiple signal waveforms in a small area of surface

118. M I [
opti cal derragi g ek MEBLESEIT off e S RePY GGt IRTFRRTS 10 T o
i n cl deeolpeose and yoditien tcantiléneer ptidt mussladionotio thehmrmnel ‘c%l otpaarhpIesetB tOnsense

canti | j . tilev

I WER@%VFﬁBé%Smgﬁgge%? gt P%g Sg?'ﬂqs"gi fér?%v'ﬁﬁﬂ)m& 9 ﬁgs/llges ams'r(r:0 nmﬁé’ aft(? I%

m cr osaspecp rtbbéie!dcofmﬁsibsiaigniarasama bekieetivehlans r‘i@IaNIherr sicwegdarch ghositis@cgpnd
end thea ﬁIeOeHI% second end is a free end of the cantilever. A reflective
structUres ineluded on the cantilever such that at |east a portion of
light that is directed through free space to the cantilever in a first
direction t ond
end 1o ror IS Jradanass WAl the BRIRAPGRL s BMoPfeebiobleod b it B8 A%
seconditficulbtt measdnasurmglﬁaaecmshemu cnmadJrecr@dpm irecibsd paxinityeors theosuifacerid8tod t he
first I S t, . r t i f

det oct e fo o Ui B mitd? P (R Bhed BUGVE LAREBEP Y1 B BOlB e S o
first tbadreznehdokeaditdeents asaﬁiI‘Owse'n@gUre R IQ:sSEﬁ’icQIOM pesition snarédhdr eee end
of t heﬁc%ﬁﬁ'ihglfgr\égrmlletoggoﬂge{ohr%g L&ﬁﬂl@%qngl Gv%%f'oﬁﬁs I ' g@mallhér%?%r} stuﬁgcé r ee
space ina st

from tHé. Mars igeeerdlly, dn mr&sentséa}omiarmm wbbe hncroatmpeb@vmqymgabptmt def@pc&bn

| east t t. 1 h f. t] [

i r ot oaRoRal et R gyl b AR frifes PSR BRRRR UL, ERW bigttRen f o
end ofthe optical path used to sense cantilever motion beyond the end of the cantilever.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides a scanning force microscope probe
comprising a cantilever having a first end and a second end wherein the second end is a free
end of the cantilever. A reflective structure is included on the cantilever such that at least a
portion of light that is directed through free space to the cantilever in a first direction having a
directional component from the first end to the second end is reflected through free space from
the reflective structure in a second direction having a directional component from the second
end to the first end.

In another aspect, the present invention provides a method of detecting motion of a

scanning force microscope probe cantilever having a first end and a second end, said second
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the cantilever; and receiving the portion of the light reflected fromthe
cantilever to detect notion of the cantilever Additional features and
benefits of the present invention will become apparent fr _'t%gQDS%?GQIed
description, figures and clains set forth below. 2a 2 2 SEP 2

01/ 46643 PCT/ US00/ 35021 BRI EF DESCRI PTI ON OF THE DRAW NGS The present
invention is illustrated by way of exanple and not Iimtation in the
acconpanying figures. Figure 1 is a block diagramof a scanning force

m croscope having a mrror that obstructs the field of vision of a

m cr os et iV JF di i orce
T or otng BPURE' ol R%anubleh e Melthaatb It ROLAB, B Brpad Bt °f R
back sipdee tCFthgmaetlIBversn a fivstaditectibralgaving ditdctisnal abmpgnent droanthedirsteand tofthe

scanni S i
accor daacnd She B EAARERP Sl BaSBlbonift Bl 1 hELGE e od Beeiby
di agr aqwbievqnotdwectlmﬂhmMQm diregiional @mmmengfrdm tian seriood @pddpdhafinet pgd af
canti | f | . ' :

o eserift i3l chiebiifo Weride r3E R ARG M Lo 1Bt ankERETL RcPingkil?
pI ur aldftlye egntileyahni ng force nicroscopes haV| ng cantilevers that reflect
light in accordance wwth teachings of the present invention. Figure 6 is a
bl ock diagramillustrating one enbodi mrent of a scanning force m croscope
probe havi n‘g:idétiomahﬂebtlmeeand/\mneﬂbs ofdhé eoasentingentivotwill become apparedioinae the t h
the t sent 1. j ure 7 is a block diagram
il usﬁ%’g !eﬁg’égﬁ hﬂﬁrd&%oag{&%éﬁ@éggfﬂoﬂgbel'é(lg/gnm ng force m croscope probe
having a cantilever with a diffraction grating in accordance Wth
teachi ngs of present invention. Figure 8 is a perspective illustration of a
scanning force mcroscope probe in accordance with the teachings of one
enbodi nent of the present invention. DETAILED DESCRI PTI ON
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A scanning force m croscope probe is disclosed. In the fol '
description, nunerous specific details are set forth in or%zmSEPpZQOilrde a

t hor ough und Lng of the present invention. It will b ,
however, to%d(;)én&eﬂﬁgahéi ng ordinary skill in the art that theqjggg)(%?[{{al%gﬁdet ai l
need not be -3 22 SEP 2004 WO 01/ 46643 PCT/ US00/ 35021 enployed to practice
the present invention. In other instances, well-known materials or nethods
have not beergmhletclps i\ AV ENGE80 avoid obscuring the present

S oncope. rebe: SIHePERl: Pl ¥ B8Rl ok P SR el
cantil ever. limtheoaecoemdemdingefijured. t he present invention, light is directed
t hrough free spac%. to the (fq?]cre?(tc}'l ever in adirection including a

di rectional conpo e igmh P ipsrem Oféﬁpqr@lqg{@rqerr@@rwp@hawnga _ _
cantilever. MWidr i obShrl@s tha e bf WsibH 'R aC?ﬂich%%opiéﬁﬁ%bﬂi\Fevlgﬁs. the light is
reflected through free _space in one enbodiment back iI'n a direction

i ncludi ng a di r ecTiBHAR it arikerkediagmroeh a sranhingdfomedmiceoschpe brobed end  of
the cantilev A A d I.r.eG l'i ght through
free space {@é“’m_f F%@nﬁﬁ\%V\g{gnﬁhf)g%'gg$%%é}?%de6€r8€{gg%k?tglé%t@My from bei ng
directly over thé&igurg3ds atteckadingratreiliestratiip wse enisodimentosf,a soaehings f or

exanple a mr, 0 he, fi el f. vision of the
ni cr oscope ogj&g"% tr?'\k}@sf:gﬁés h%@@@%n{"g %gﬂet}'egretﬂﬁ%tsi’gﬁtdﬁi%ﬁorpépﬁ%wﬁlj‘ croscope
probe canti | ¢sachingsuftthe praseat inwettion.t he optics pul |l ed back as descri bed

above, a plurality.of locations.in close roximty may be probed in
accordance wth tﬁgu{%gdﬁﬁﬁ)&ckﬁiaqﬁ@ %ﬁ%&?ﬁ%‘ﬁb(’dﬁge'ﬂtfﬁ aia8Be fPr9ent i on.
Figure 3 is anibloseépdhagngamihtiensr wEbRAMBMNHhOH RcSeRABE Wath i ce.

m croscope 301 i.n acc%dance with the teachings of present i1nvention. A

probe 313 haJP3iingsiibe peset Byentiad phositi oned near a signal |ine 317
[ te t i ' ' trical
proximate to a sufffes53d8 tjlﬁckﬁﬂ%%]_ﬂ rlﬁ ohb%rhBodRBALES ﬁu@%ﬁ?c@g@hgc rie

waveformcarried in signal |ine 31 n one enbodi nment, _ S an
i ntegrated ciPreaimicgseoRafhavingheantiiqves thetreflechlight inagaordarmesvith node

di sposed on (Q4cHiaRREF e DAL I n one enbodi nent, cantilever 315 is
di sposed near an _space_g aS artﬁ\‘l fom surface 318. In another embodi ment ,

cantil ever 315 i sFigure 6dhadlackyliagrasulidsitating b8e embagiireertndfeosozaning

cantilever 3lgehmiGRLRspioBe having a cantilever with a reflective structure in
accordance with the teachings of the present invention.

Figure 7 is a block diagram illustrating another embodiment of the
scanning force microscope probe having a cantilever with a diffraction grating
in accordance with teachings of present invention.

Figure 8 is a perspective illustration of a scanning force microscope
probe in accordance with the teachings of one embodiment of the present
invention.

DETAILED DESCRIPTION

A scanning force microscope probe is disclosed. In the following
description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however,

to one having ordinary skill in the art that the specific detail need not be
-3-



receive a probe waveformthat is used to nmeasure the peri od| c electri
signal waveforns in signal line 317. The interaction bet § Bgﬂg‘odl C
el ectrical ' veforms in signal line 317 and the pr rmin

cantil ever 3??%@56%\133 peri odi c nechani cal notion of canti Pg@gﬁég@)t hr ough
the capacitive -4 2 2 SEP 2004 WO 01/ 146643 PCT/ USOQ 35421 coupl i ng between

cantilever 315 and signal line 317. Alternatively, the cantilever 315 can
directly congmploytheo praghied thel presetit Tniitio] Tre6ihley ins@iteks, Wlkknawrect ri cal
si gnal fromthe Signal line 317 to the cantilever 315 and eventually to

the probe 31%2l§rabtRENEHYHRVERA! bearudaschRad indstabin @aplovoid any nunber

of appar at us%cuﬁ%%@ﬁreggﬁt lﬁm{mhe an oscilloscope, to neasure the
characteristics of "the signal. In one enbodi ment, an optical source 303

generates a | i ghtOB2gmbgdimant Ofﬁiwreemtewarﬁmouma sbaaning force t er 307, |ens
309 and then nt of
Fi gure 3, IlgLC?O%%g)E%&??ée%@é}é} !’ ﬁ\(raéggh ?@é%‘ %%g}é&;ef)g t'&%ﬁ?&pg‘&g‘r 15 of
probe 313. |onoembedibuati ntie, préskeghﬁn\&ﬁﬂoh,shghﬂlsrrmacmﬂ thraughorde s;ﬁcesource
303 inadir Vi n directi from eflx nd to
the free end%lgﬁ' %ﬁ@ﬂ%ﬁ?{t'g?g{ﬁ?? [%"omfejﬁ gng‘ﬁ{%‘@ HRippone E]f 8 rce 303
i s i ndependegnd wthemldrﬁvanh@&&ntmrén veikisligrt refiediive s%%atdr@on@l@éltl | ever 315
noti on of, cantil ever 315. However,

is therefore mW gﬁegg rﬁe @é}qcal
t he mechani cSANUIRYES htd%lfﬁ eciafdhrongh Tree spacedn epe simaediveridask in 305
t hrough ref | gatestion rﬂé’l&dlﬁé% diﬁ@&h&r‘fhl 'cBn%ﬁeﬁf‘P&ﬂ'tﬁ@ﬂbe'e%drtﬁftﬂéeﬁﬁ&deﬁJ” ough

free space fromcantilever 315. In one enbodinment, lig 23 1s reflected

of f canti | eXfdhe gantieyerg Agig mstitdhepplirnysed ta ‘F“é%ﬁ“%'é@htéhfﬁp@fh&ﬁ@ fromthe
free end togddag i bﬁ&%ﬁi‘ﬂ’\e@anﬁ%%ﬁpg\g e ridvod hAHCARPREAHIR i ng 323

is reflected back to mrror 311 t ens tter 307
into det ect odver Yustip pkthsieenkilever. Fiiys: &GSther slagh &fbrlesxalmplel @mlﬂntacls and

SH L o M s N of P 6K oGRS, bl [ il
obstructs mmhsemmt]he scebiiag force rienosc@d pwivercantibeen i Fgrtieaniord, evittr 315 or
por L 07 ot HRUBlFe ity e RBB B S i bnt T 8881 022
can be probgmousiitygnay pé pradledtiy aofordance with the teachings of one embodiment

of the present invention.

Figure 3 is a block diagram of one embodiment of a scanning force

microscope 301 in accordance with the teachings of present invention. A

probe 313 having a cantilever 315 is positioned near a signal line 317

proximate to a surface 318 of a sample 319 to measure a periodic electrical

waveform carried in signal line 317. In one embodiment, sample 319 is an

integrated circuit die and signat line 317 is a circuit trace or node disposed on

or beneath surface 318. in one embodiment, cantilever 315 is disposed near

and spaced apart from surface 318. In another embodiment, cantilever 315 is

in contact with surface 318. In one embodiment, cantilever 315 is coupled fo

receive a probe waveform that is used to measure the periodic electrical signal

waveforms in signal line 317. The interaction between the periodic electrical

signal waveforms in signal line 317 and the probe waveform in cantilever 315

causes periodic mechanical motion of cantilever 315 through the capacitive
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scanning force mcroscopes 301 in accordance with the teachings_of one
enbodi nent of the present invention. Figure 4 is a bl ock cﬁ@g%ﬁrpoﬂ]@hot her

enbodi ment o ; ning force mcroscope 401 in accordan | e
t eachi ngs of{vgraaéégn i nvention. Probe -5 WD 01/46643 22 SEE’%@BS&ZP

PCT/ US00/ 35021 313 having cantilever 315 is positioned near signal |ine 317
proximate to surface 318 of sanple 319 to neasure a periodic electrical

wavef or m car chgglingbetwbamahntliéve? 338 ndlsi r%ﬂﬁnee@mdhﬁ@rﬂ’éﬁvﬂﬁ%él ever 315 is
di sposed near and zﬁaced apart from surtace 318. |In another enbodi nent,

cantil ever 3£8nilavers1Satdiectnremactihe signabing 3 17nanshdiresiy soupierthe

cantil ever 3 ' : Iys e | to
neasure the %%rc}@gfggg{alggﬁ |ﬂ1cea |§§zlﬂéﬁé§|3"‘}7ag@% %We%%ﬁéﬁéﬂgltevkﬁ%éﬁfﬁl The
i nteraction b peba XBe fyemitbelipowbel 33, thesignalsiagie! coupleaf oramy riumtsirgnal

mechani car ol PORE B CESCT A0dP Su R ARG PSRRI REEr VB T oup | ng

bet ween cant icharaeteridfi¢s afithe siggahl |ine 317. In another enbodinent, the

cantilever 315 can directly contact the signal |ine 317 and directly couple
the electrical si G‘rf?ﬂe ?Wbﬁ'ﬁﬁé‘t'sﬁw*ca\ ?%"g%gel?’ genqratesalight 3gvewhighs and

eventual |y t @ difeted MsughlSeanspliter 307 PR 803 h3d théifisdeliBRled P mb@rcoup! ed

to any nunber of apparatus, such as for exanple an oscilloscope, to
measure the S¢hafsshewnds thesempodiment phhigure 3.digbhe2%issticiashthrough opt i cal
source 303 g f ' | i ' : 0 409 and
then is defl Z(g?ggég?%@cn%dft%rgﬁpf Rfsybgh@(;lv%ﬁ]q? %hé?ﬁ%&g{%gﬁdﬁ’ ﬁ@ﬁtézgtﬁﬁ gure 4,

| i ght 323 i sduested fiem epticelispurte 883 épacirectiondzaving a disectRi®l edmpondnd 313. | n
one enbodi ne ' ' ' rom. .. | ourc in, a

di rection ha\ﬂ/'lb F\ngﬁgg%%? %@tﬁit%ﬁ'aﬁq r%%%‘g%‘é{ne CQPH%%'L%?% l)?'eog'e %’Hgg%@ephe free
end of canti bplicat sGUSe 3DBds inslepandert|of cabtilever @1 Scadtintidestiighl 323 tes det ect ed

e e EoL b B8 e 38R B SR SHORE, e 488 0L
refl ected i nHawever the mechanitaignatioh sfantienad 31BispeRsiéd WWith Wetdttorf r ee end
L1t XeeB aSn FBHEHRY o2 S SRSl et Hadeh ot
det ect or 305free space from cantilever 315. In one embodiment, light 323 is reflected off
cantilever 315 in a direction having a directional component from the free end
to the fixed end of cantilever 315. In one embodiment, light 323 is reflected
back to mirror 311 through tens 319 and off beam splitter 307 into detector
305.
As shown in Figure 3, mirror 311 is pulled back and away from being
directly over cantilever 315 when compared to mirror 111 of the Figure 1. As a
result, it is appreciated that mirror 311 no longer obstructs microscope
objective lens 321 when observing cantilever 315 or portions of sample 319
near the cantilever 315. As will be described in greater detail below, a plurality
of signal lines 317 in close proximity can be probed using a plurality of
scanning force microscopes 301 in accordance with the teachings of one
embodiment of the present invention.
Figure 4 is a block diagram of another embodiment of a scanning force
microscope 401 in accordance with the teachings of present invention, Probe
-5-



As shown in Figure 4, mrrors 411 and 425 are pulled back and away from
being directly over cantil ever 315 when conpared to m rrorﬁdl%JSEED §B re
1. As aresult, it is appreciated that mrrors 411 and 4254 Pt uct
m croscope oby@d4é#e | ens 321 when observing cantilever 31FCOUSIEGINS Of
the sanple surface 319 in close proximty to the cantilever 315. In
addition, a -6 22 SEP 2004 WO 01/46643 PCT/ USOCQ 35021 plurality of signal

ral it scanni ng
LLncs 3171 naRb RaPgaNIEtd G0 RRBRAP L Ao B bkt e
anot her enbo@Hiiegs 3 16¥ of sampileB49 ta meatueca periodic émlctmahwg\re;imbgﬁgg%'“ \tl\ﬁl o
Bb urI|t of...Si I.nes an
are in o ose “BRaRPY 18 ofe bSinpet cahudictonio s uigral da ann one
enbodi ment , bpadedsnmnlrfrm'g shidace3 18.ClhroseaRsSeifddimand caRfieerdd1shs grre S are
force mcroscope 301 of Figure 3. As

:ﬁlo)\?\;]ain;i ?Lgxgﬂﬁﬁtd'r”ﬁ{ﬁér%&?%'lﬁr ﬁr%gg[ﬁn qdiments pantilever §ilfde ceupled tom opt i cal
source 303A tdlfeﬁfé@pﬁob@@v@@&ﬁﬁ; thet isGaBHItY ﬁ*tb%rsug%fﬁ |03E:%:g§cﬁéa:f§ignéln one

embodi nent , ht 323A.is directed from optic rce i rection

having a di ry@?*?eﬂaqs inanal aas 17 Jﬂﬁtlwéraqtlpu@@t\reean the ptelnedn{crm:tmaﬂ OL e
tilever 3 SR rgqu Qug

gggce from cglnflal“eré\l/\%rf 315 Ii n‘gﬁéleéén%%g:mr%ﬁ't%ﬁé a%ﬁ{d’rﬁgbgé ﬁgv?r 1 [Mect ed

from canti | ev@yseg perodis racchianieat mhorrnaf/ca@!afed Brléctlhnoughthe capgenwent from

| ar | ht 323B in
one. enbadi mesr hOBetei el 388 AhL SRR ink3th Jashatis b ad st poce 1 0
cantil ever Stt!EB:amtllepeD:b‘kﬁ &drBliredtly contact ﬂ’fdmgmdhﬁﬂé 3&?'&5?1@3@%@%5%@% ed
t a directiona
Hgm ?E\tel ??Le%oeg%%ﬁ?ag% 8' E?’&éﬁl%[ﬁﬁga " {]Iaﬁoetgg,can@%g 3182she enbodi nment,
light 323B |evmamombpdmbelwn fRrem tﬁ@mésmﬂth@%ﬁbﬂ@ﬁ%em fon one
enmbodi nent , ‘r:?zf |l ected fromcantilever ™ 315B 1n a direction

having a di r%"&g%’ﬁ Br WS- SUFB @S ranerle an@selosenpe, 1a measwe thef

cantil ever Bdlfdiactéﬁstﬁ;bwme §igialgure 5, probe 313A including cantilever 315A
of scanning force mcroscope 301A is positioned to probe signal |ine 317A.
Probe 313B In one embodiment, an optical source 303 generates a light 323, which

is directed through lens 409 and then is deflected off mirror 411. As shown in
the embodiment of Figure 4, light 323 is directed through free space to
cantilever 315 of probe 313. In one embodiment, light 323 is directed from
optical source 303 in a direction having a directional component from the fixed
end to the free end of cantilever 315. The mechanical motion of cantilever 315
is detected with detector 305 through light 323, which in one embodiment is
reflected through free space from cantilever 315. In one embodiment, light 323
is reflected in a direction having a directional component from the free end to
the fixed end of cantilever 315, In one embodiment, light 323 is reflected back
to mirror 425, through lens 427 and off mirror 429 into detector 305.

As shown in Figure 4, mirrors 411 and 425 are pulled back and away
from being directly over cantilever 315 when compared to mirror 111 of Figure
1. As aresult, it is appreciated that mirrors 411 and 425 do not obstruct
microscope objective lens 321 when observing cantilever 315 or regions of the

sample surface 319 in close proximity to the cantilever 315. In addition, a
-6-



I ncluding cantilever 3158 of scanning force m croscope 301 B is positioned
to probe signal line 317B. As can be appreciated in Fi gu%)1 r-Ph ﬂ%ps of
cantil evers b a A cf’% d 3158 are positioned very close to o ? ver a
surface 318 in order to probe signal |ines 317A and 317B, resoectlvely
Furthernore, with both mrrors 311A and 311 B being pulled back away from
being directly over cantil evers 315A and 3158, the field of vision of

m croscope -EILQaIi!ySEﬂgﬁﬂlmneMDﬂddﬁﬁaﬂfﬁroRﬁiyL&Mﬂéﬁl@%dmjr@Cé pealtess 321 is
not obstruct gg riqn ngserwggg gﬁﬁes 313A and 313B or the sanple 319 in

cl ose proxim { B\lcé'% P8§3R"and 313B. Fi gure 6 is an illustration
showi ng greater deteihbtante, Figure 86 i BIBEK digdrath OW&%ﬁo&égeh{Bogﬁﬁ &itgpnce with

t he teachi ngsrp? @tge gresent i nvention. As_ shown in Figure probe 313
i ncl udes a camirRly of Searing forea @ierascones BRAY te 3818 being usedgomodbe an one

enbodi ment , bﬁ!@alﬁ’g{ BfSigRal ned 3$PRLhE Y 2B, \ﬁﬂr@ha?e @egéﬁﬁ?pro%ﬁﬁgac%r‘m?de of

enbodi nent, a reflective structure 603 is
cantil ever 33wfage3ihef asaapleddat In aneiepreobnery, bmtblsadnningtforbbe front side

of cantileve r ' | uded on the
front side o lc?é%l%qp:eg\?g?ﬁﬁ?gcﬁﬁ@%; noqwér&gg%gﬂ?@e‘ 'i“," ctgf#‘?l ever 315 is
t ransparent seanninghfor@2Bicaratope 30é of Figeirs Br wstwwﬁﬁ%mmbbbmﬁ@fmfe be

di d | 315, Fi 6, |ight
337 one_ o0l Pttt 23R AleclMtomaiahar Phine Ltk B ouatugen a0t 1o
struct ure 608antleveoB¢5RmbpHbEEBT3A. | Ingihe &RBodiment ligc2an ik Qlirkefelsfdm ve

structure 603 ,in,a dir a directional conponent fromthe fixed
end to the fP% a’eﬁ%FrB‘F %ﬁ%t’qﬁé’\@?ﬂcg'l%a‘”@ adegctiona F@'F‘BWEW fromthet 323 does

not ori gi nat fixdarem Withe ek ena\tichRmeva’a 1al 'iﬁ%b\é?nbo%ﬁﬁqeﬁi H?ﬁt £33 L0 a
direction pereﬁendl cular to cantil ever 315. resul t, are not

posi tioned diEMEeEHJIgyeh freerspage from @r&tslﬁy@uw&o@ ene @inbedlmemt dight 323 in
accordance vga3n kh@ﬂé&é@ﬁbﬁ%rﬂfev@l“g‘t@A’?‘P%Eﬁ@&%)&%fa\ﬁr@e ergéﬁnrﬁ || nvention.

As shown in Figure 6, one enbodi nent es sides that are
tapered backoraprnent fiam the diee %@30@9ﬂm@em@dfcantﬁ&rbra&ﬁAve structure 603
at an angl e fromg;hahy nﬂ%gﬁﬂﬁ@@z%rﬁs I‘fl (ltﬂﬂ'ngh?ﬁ':dn%gf?% fom’or tlcé]%\émrclen Figure

6, light 323 in one e Iment Is re
303B through free space to cantilever 315B of probe 313B In one

embodiment, light 323B is directed from optical source 3038 in a direction

having a directional component from the fixed end to the free end of cantilever
315B. In one embodiment, light 323B is reflected through free space from
cantilever 315B. In one embodiment, light 323B is reflected from cantilever
315B in a direction having a directional companent from the free end to the
fixed end of cantilever 315B.

As shown in Figure 5, probe 313A including cantilever 315A of scanning
force microscope 301A is positioned to probe signal line 317A. Probe 313B
including cantilever 315B of scanning force microscope 301B is positioned to
probe signal line 317B. As can be appreciated in Figure 5, the tips of
cantilevers 315A and 3158 are positioned very close to one another over a
surface 318 in order to probe signal lines 317A and 3178, respectively.
Furthermore, with both mirrors 311A and 311B being pulled back away from
being directly over cantilevers 315A and 315B, the field of vision of microscope
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free space fromreflective structure 603. |In one enbodi nent I:E% Z:@ﬁlg S
reflected fromcantilever 315 in a direction having a di r ﬁl onent
from the free end to the fixed end of cantilever 315. In gne enbodi nent,
light 323 i sVOU#4t ed back in substantially the oppositePGPE¥%h from
which light 323 originated. In another enbodinent, light 323 is reflected

back in a different direction, but still reflectedfromcantilever 315 in
a direction bbetng ﬁnsdﬂﬂ%ﬁétmlruéﬁﬂwrﬁ sehig bideek e fixed
end of cantilever 315. An -8 2 2 P 2004 WO 011466 5 3@%3@@@??&?

exanpl e of t fessampleditddnelose prqunwmamedarobesﬁsmenmmmgure 7 is an
illustration of [ th the

t eachi ngs of theaﬁggg{ﬁrﬁ@gﬁﬁ@h Sﬂé Fé%%’éﬁn‘-‘.%&@%‘%ﬁ‘é ﬁtf'g?
cantilever 3pBbgtI13dnegcerdancd with thetedchinga of thiepréSent inventioe. Aenbodl ment ,

t he other en free en

refl ective sg'F uet oy ebl}'l(?gé/lep 0?%@ %ng’dgﬁ a[??é“'ﬂ*ﬁ@kgggaga‘%?e"@gﬁt eg\ﬁ'é‘rd 315. In
one enbodi nera chip Gi1p Iﬁ@ﬁe|embdmﬁhéﬁeﬂ1eooihiéhﬁwcgdﬁwﬁntlfﬁvd$3m|3C3949%éI e¥er 315.
I n anot her ment 605 i not included on the front side o

cantil ever 3%@6) ﬁi’l?f'eﬁ:'?‘bgwgﬁqgra '@ﬁﬁﬁtﬂferﬁﬂﬁt”rﬁ;?%lw igkided pr the bagkanspar ent
to |ight 323sidadf castliéwweziige |ﬁbh@@woguﬁé}§ H&}é 6088% ﬁmfcﬁro%g%g'tﬂé psed on the

front side of ntilever. 315 one enbodi nent , |rected

t hrough fr ees'gﬁggﬁa'@%‘f‘%’ Bdveln agqu;er PWbéﬁ@W%wtnot inchisled3m3he s
directed to ﬁ@ﬂtsud@dﬁfan%ibﬁer Mg o O;Fé't‘%hb%r eﬁﬁ;\bbi‘rﬂerglgér{t@&)e} ?.‘l‘éls corponent

fromthe fixed end to the free en cantil ever af ‘to probe 313
of Figure 6,ranspaienislighad23and efiegivestaicture H08imacthereforeves dispabedf

reflective Séﬁ#%tfHSrﬁ S%%%fcganﬁleg%lrr@,]g in a direction perpendicular to

cantil ever 315. I CSare not positioned directly over
reflective str ud’eﬂﬁ@m@ Elgtﬂ@l& dight 323jintork2embodimenbisdiredthidnghhe

t eachi ngs of t re t . invention, sh Ln Figure
7 one. embod Tede el el iing 303 1 PR Ao PR ik sach
that |ight 3digcied tduneﬁed;twd struoture 808 & & \drestioruavifiea GR8ctidnadn angl e from

behi nd chip &%oﬁgfﬁg"gﬂ%gmgi cri?o Zhe f?ge engm?cantflevieg%tlg. 7S’tatgcrl]e embodi ment

of reflective
differently, light 323 does not originate from directly overhead of reflective

structure 603 in a direction perpendicular to cantilever 315. As a result, optics
are not positioned directly over reflective structure 603 to direct light 323 in
accordance with the teachings of one embodiment of the present invention. As
shown in Figure 6, one embodiment of chip 601 includes sides that are tapered
back such that light 323 is directed to reflective structure 603 at an angle from
behind chip 601 as shown in Figure 6.

As shown in Figure 6, light 323 in one embodiment is reflected through
free space from reflective structure 603. In one embodiment, light 323 is
reflected from cantilever 315 in a direction having a directional component from
the free end to the fixed end of cantilever 315. In one embodiment, light 323 is
reflected back in substantially the opposite direction from which fight 323
originated. In another embodiment, light 323 is reflected back in a different
direction, but still reflected from cantilever 315 in a direction having a
directional component from the free end to the fixed end of cantilever 315. An
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diffraction grating that is etched into the back side of c ntllever 315
using well- known techniques. In another enbodi nent in Wmé Qﬂq.r 315

i's transpa_r‘gﬁtm/%)qu ight 323; the diffraction grating may l%)qeréﬁﬂ&g@g] into

the front si cantil ever 315. In one enbodi nent, the that is
reflected from reflective structure 703 includes a plurality of N orders
of diffraction 705. As shown in Figure 7, at |east one of the N orders of
di ffracti on e@Mpé of tid ervbediment ghlﬂus&%&dmﬂ"@irbe}ct ed through free space

the Tixed end of 1B IBSYSIOTFl aPlles SRpadast ora Biabendan
PCT/ US00/ 35momcem&dhmﬁchlr@@%fﬂ'fe bl‘é@.eﬁ{ :ﬁf/é’rﬁfoﬁ quogé f?ﬁ%%?ﬁg‘ﬂi:b 705 that

is reflect ed t he directional conmponent fromt ee end to

the fixed eHBCBéeséﬁﬁ?‘f‘?‘gﬁF@r15ﬁ'@Ch§d at a dxedand fa a chintledname305 to det ect
mot i on of Caé?ﬁlbdcﬁh'\@ﬁt W@th@@hﬁ Sf&dtl?\%r@%%g \éﬂdv'lﬁ\é’néﬁhﬂ}%gd rﬁé@on of a

probe 313 including a cantilever attac a free 601.
As shown i n Fejgrieestrugture OB deincluded tonutbe braek thﬁ df santileverdd®. dn onbe back

si de of cant 53 hows, t one
enbodi nment od?nkchl pe'gtl% tl{pﬁ(;q ﬁe@“}sqgl ﬁe%n?gia&a?%ﬁ@ﬁig&er 13: Mahi ch al | ows
| i ght to be anotharesbadimentf tip 605 ws.encﬂtlmmmdieﬁen tf@fﬁor&t&mm&lﬁv@fsw nating
froma dire ever 5 and froma
direction tg&ggﬂa qu%\@%ﬁ éecﬂ'%gﬁ CBP ‘é?{t‘-?plse@ "53@“3"‘:‘.%'&}?&?’%%?@ t he
tapered backefadies stfictals P0BMkyahdrefsra bei déoska dathe Hohesigdff r om
reflective uct % 603 in back in a direction towards the back side of
(0]

cantil ever §i'3{”8‘r‘|%f wards the fixed end of cantil ever 315 Hen_ce | i ght

is directed to aIrdOIhéen'b@fih%‘iﬂeﬂéhtBmgﬁfé&é\dih‘f@ugﬂfr%gg hout
bei ng obstrﬁjge%géechl p 601. Therefore scannin orce mcroscope pr obe

cantil ever epmbodipent igh§ 823 ds directed tq ﬁ@tﬁﬁ(ﬁx 34Pdeaidirectict i zed. In
the foregoi mlﬁvidgtaadill-étﬂonﬂ% goﬂbh% ttﬁ@fﬁ@t? 8"(6"{?'% @Enué n?e

present invention has been describ erence o $pacrd %xenplary
enbodi ment s 3 ReSEBitar tpprole 313 Ofnﬁﬁmﬂe@.,hglbéS%@ ddesnot cbrtgmalarfnouudlrectly

modi ficati 0ggerdad ‘b??é?%%ﬁv%@ﬁh&@re%eof Hif&e (3 A 'ﬁg&ﬁh é)%%ﬁ)%ict IS brom the

broader spirit an scope 0 Sent Jrnvent]
speci fi cat i 6ANEAETI1Gurissa se%lltacptmscbre gloy positibreed digaotideter afflecliveust rati ve

rather thangggshfd #64 ¥direct light 323 in accordance with the teachings of one
embodiment of the present invention. As shown in Figure 7, one embodiment
of chip 601 includes sides that are tapered back such that light 323 is directed
to reflective structure 703 at an angle from behind chip 601 as shown in Figure
7.

As shown in Figure 7, one embodiment of reflective structure 703 is a
diffraction grating that is etched into the back side of cantilever 315 using well-
known techniques. In another embodiment in which cantilever 315 is
transparent to light 323, the diffraction grating may be etched into the front side
of cantilever 315. In one embodiment, the light 323 that is reflected from
reflective structure 703 includes a plurality of N orders of diffraction 705. As
shown in Figure 7, at least one of the N orders of diffraction 705 of reflected
light 323 is reflected through free space from cantilever 315 having a
directional component from the free end to the fixed end of cantilever 315. In
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22 SEP 2004 CLAIM5S 1. A scanning force m croscope probe, risi ng a.
cantilever having a first end and .a second end wherein tﬁ? d S
a free end o gantil ever; and a reflective structure | n'the
cantil ever sEvch t%at at least a portion of light that is g?ffgct ggﬁzt?hr ough
free space to the cantilever in a first direction having a directional
conponent from the first end to the second end is reflected through free
space from t RBE esioditnenteora plibed erdens af diffracin 705 that ﬁoeﬂedwd/ba@ a

di recti onal t to t fir .

scanni ng for@gmngﬁé'é%&g%l J&Eneooiﬁﬁgfgﬁnﬁﬁg fr\ﬁﬁeqngetﬂ the ﬁ’ée‘f??%f’ di rect ionis
subst anti al | yanﬁi@ml&lé i dlred:ted arﬁeeaﬂ;ﬂedblfmmmhtec& mdtih SiGaRblener 318.ce

m croscope probe im 1 further ﬁg&% a tip disposed on a. front

side of the cant ?'198(% IS & PerpRECEMRY frﬁ BIOeHiFNpIHERE f claim 1

wherein  t hecartfibws B1BeHSEhOE bLE fro QMBI $aHiIR60 T ASShbYA in Fldut&ge, di sposed
on the back si Eéﬂ of the cantilever. 5. The scanning force m'croscope probe

of claim1 ive stryrtureil3ds includeg on e hask sislafioaatiexer 315.clet i ve
surface di spaagitom fF@JrBrEPé!&o %h&ﬁs ﬂ{atbﬂﬁ e‘fﬁ"&ﬂ imENESF: ch& o cﬁﬁ@@smsf orce

m croscope probe of Claim 1 wherein ective ruc ure conprises a
di ffraction thptafs isgemdshakewhish allhwsmabIdOd)aj@reﬁed toerefiactiviel stueture 7. The

Struct ure coosd P8R BAGRRFGHEARG o & bhon WREEBa etk sldk ofERBlIESer ¢ ne

cantil ever. 313 apg frepra 2yedtion towards the fixed end of cantilever 315. Furthermore,
the tapered back sides of chip 601 allow a light to be reflected from refiective
structure 603 in back in a direction towards the back side of cantilever 315 and
towards the fixed end of cantilever 315. Hence, light is directed to and is
reflected from reflective structure 603 without being obstructed by chip 601.

Therefore, a scanning force microscope probe cantilever having a

reflective structure on the back side is realized. In the foregoing detailed
description, the method and apparatus of the present invention has been
described with reference to specific exemplary embodiments thereof. 1t will;
however, be evident that various modifications and changes may be made
thereto without departing from the broader spirit and scope of the present
invention. The present specification and figures are accordingly to be regarded
as illustrative rather than restrictive.
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8. The scanning force microscope probe of claiml| wherein the cantilever
conprises silicon. 9. The scanning force nicroscope probe of 9} G&PL 2004
wherein the cantilever conprises silicon nitride. 10. The sCanning force
m croscope probe of claim1l wherein the first end is a fixed end of the
cantilever. |11. The scanning force m croscope probe of claim10 wherein
the fixed end of the cantilever is fixed to a chip having tapered sides.
12. The scarBE f orce m croscope probe of claim1l wherein a front side of
the cantilever is configured to be disposed near and spaced apart froma
surface of a- sanpt §°80EHY rfé’?cﬁh‘@l‘%‘%ﬂﬁ‘FPP%v@Fohes gapecitingel y coupled to a
signal |ine proximat es taanthbeda fh%@;engfa fietsan®lahg 43sedf®d Emanni ng force

m cr oscope probe claim,l where side,of the cantilever is
configured to be i"ﬂ%’ i s\?nc?ﬂ Fa%e}'xiﬁe 282001 ¥% uch that the
Cantilever is coupisedilevexr;signal I [ ne proxi mate the surface of the

sanple. 14. A nethod 0fy ge%gﬂ (pcq %D.E.ﬁng;ﬂct%tre 58 | ngnsgﬁ% sem croscope

probe cantilever having a fIrs secon cond end is
the free end of tfantibengn sveh, tlnc'ﬁ”e afel ok @o@plrtstbmg)f digbcttiheg | i ght

through the free gpagerd@daenroas 'ﬂr%téedpa{cfb &of thetc é:&%(ré?”irb%‘” ng

directional conpgonent fromthe first en he secon

cantil ever; refl eéEtDLFﬁE) %’trelcéég? B et P‘o‘#?ﬂc*:tiﬁga]rliﬂﬂmﬁlﬁ%uéwm the free

space from canti| ener firstdichactsd othd @viagd andlibesdfOdedcoRPARENt fromthe

second end to the first n | ever; and regei Vlﬁg‘{ﬁ% portion
he

of the light refl ggngSQac(?m%r?]ﬂeﬂb ﬁ@??%?/ Ve STEREEEE Abt Po

cantil ever. direction having a directiocnal component from the
second end to the first end.

2.  The scamming force microscope probe of ¢laim 1 wherein
the first direction ig substantially opposite to the
- second direction. '

3, " The scanning force microscope probe of ¢laim 1 further
comprising a tip disposed on a front gide of the
cantilever,

4. The scanning force microscope probe of ¢laim 1 wherein
the reflective structure comprises a reflective
surface disposed on the back side of the cantilever.

5. The scanning force microscope probe of claim 1 wherein
the reflective structure comprises a reflective
surface disposed on & front side of the cantilever.

6. The scanning force microscope probe of ¢laim 1 wherein
the reflective structure comprises a diffraction
grating disposed on the back side of the cantilever.

7. The scanning force microscope probe of claim 1 wherein
the reflective structure compriges a diffraction
grating disposed a front side of the cantilever.
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-12 22 SEP 2004 15. The nethod of claim 14 wherein the firstad | ' IS
substantially opposite-to the second direction. 16. The net hg§ @ﬁf? 269\414
further conpsisi ngTharIam'rmimgl ﬁorcecﬂﬁpi:bmﬁehgrcmwﬁ eveimto wheskgnal |ine
proximate .to surf 17, The et hod of claim 14 further
conpri sing capaci t?ﬁ/%lcoant& a‘g%@n ORE’HFF% Elahl&ICUHEd on a front side of the
cantilever to a signal line proximate to a surface of a sanple. 1$. The
met hod of cl & m 14Theradesnisgnferas mgoromaret bropa off cdaimsi déegkin he

cantilever Wth a. gurd268184ep Ogtg,g_r@jsgs SEH(j_Il bhatidhg.cantil ever is coupled

to a signal line proxwratetot e sur aceo the sanple, 19. The nethod of

clalml4mhe1rl]8|nrflect|ng | east ,the portion of thellght fromthe
cantil ever t he S¢S FQ@?%‘“F‘H’E’?W PEFPR &L fgaimel MHgheiRrom a

reflective struct utles dispasentd oy theiket kersi 8¢ e tdaQriterdd.l ever. 20. The
met hod of claim 14 wherein reflecting at |least the portion of the |ight

fromthe caniilevend noliessecante fLLesldpn bagledascieffeging the Tight

froma reflective structure | spose cantil ever.
21. The nethod of v&1&fiednigh Ahieieith epdf o dilienganiei lavast 1s hiixadokpeian of the

light fromthe caniiievaiihs tdrefcengks direction includes diffracting the
light froma reflective structure di sposed on the back si de of the

cantil ever. T math d. of fgpga iml4 whe re|ntht1e r ef &t % | east the
portion of tHe Iight® FEEMTHAS | PRTETSORS PP 0L of PFB?FIF ncl udes
diffracting the |igHrobtoside afefthectamd lsvenctiaroendispostcdoobet he font

side of the disposed near and spaced apart from a surface of a
sample such that the cantilever is capacitively
coupled te a gignal line proximate to the surface of
the sample.

13. The scanning force microscope probe of claim 1 wherein
a front side of the cantilever is ¢onfigured to be in
contact with a surface of a sample such that the
cantilever ig coupled to a signal line proximate the
surface of the sample.

- 14, A method of detecting motion of a scamming forge
microscope probe cantilever having a first end and a

second end, gaid gacond end is the free end of the
cantilever, the method comprising:

directing light through the free gpace to the
cantilever in a first direction having directional
component from the first end to the second end of the
cantilever;

reflecting at least a portion of the light through
the free space from cantilever in direction having a
directional component from the second end to the first
end of the cantilever; and

receiving the portion of the light reflected from
the cantilever to detect motion of the cantilever.
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cantilever. -13 Title: SCANNING FORCE M CROSCOPE PRCBE'CA é%gﬁsﬁ,gppﬂlever

REFLECTI VE ST. U Abst%ag scanni ng force n1croscope
having a refl i ¢t eoflq4aéﬁel% iepBnthe tHasgedere¢tddnséan- ni ng

force mcr OSCOpe prmhﬁtaﬁaiainyefppbaﬁwdﬁﬁ thel LA M@ eSEIAEt UTe On the
cantilever (315). Light (323) froman optical source (303) is directed to

the reflectiveg: str U antilev 3 in di rectiqn hayi
di recti onal c%snpong%{ %ngg%g%-&?fg‘&l@n%fo‘fwt&‘ﬁg %Wﬁqilséﬁlgrc’?%%)tlf"éi/% free
end of the cantil evesrup(31g)tha iopntc1{828) tics ar efdneclt ednbr protheceetbecti ve
structure in a dirqéﬁg hayi ! i rectional conponent fromthe free end
of the cantilever ( §%B?d&¥ﬁ£ |?%g'end of the cantilever (315).
17, The method of e¢laim 14 fuxther comprising capacitively

coupling a tip included on a front side of the

cantilever to a signal line proximate to a surface of

& sample.

18. The method of claim 14 further comprising contacting a
front side of the cantilever with a surfaca of a
sample such that the cantilever is coupled to a signal
line proximate to thefsurface of the sample,

15. The method of claim. 14 wherein reflecting at least the
portion of the light from the cantilever in the second
direction includes reflecting the light from a
reflective structure disposed on the back gside of the
cantilever,

20, The method of claim 14 wherein reflecting at least the
portion of the light from the cantilever in the second

direction includes reflecting the light from a
reflective structure disposed on the font side of the
cantilever.

21. .The method of claim 14 wherein reflecting at least the
portion of the light from the cantilever in the second
direction includes diffracting the light from a
reflective structurs disposed on the back side of the
cantilever.

22, The method of claim 14 wherein the reflecting at least
the portion of the light from the cantilever in the
second direction includes diffracting the light from a
reflective structure disposed on the font side of the
cantilever.
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