WO 01/ 46643 PCT/ US00/ 35021 SCANNI NG FORCE M CROSCOPE PROBE CANTI LEVER W TH
REFLECTI VE STRUCTURE BACKGROUND OF THE | NVENTION Field of the Invention
The preseind oi/4pégntion relates generally to a scanni ng prolpeTnises/sZIopy
apparatus and, nore specifically, the present invention relates to a
integrated circuit testing apparatus. Background Information One use for
scanning force m crosc%es IS to _neasure éeri odic electrical _signal

wavef orms on orSGRANINGTER G MIERD3aMbIk PRRBE LzANSHLEVER W T an
integrated circuit. Figure 1 RéFE‘EéWI’:‘ gslng]% qmﬁél ustrating a present day
g

scanning force mcroscope 101.7AS shown 1n ure 1, the scanning force

m croscope 101 includes a probe 113 having a cantilever 115 positioned on
or near a_sj i ne 1 r \} e to a surface 118 of a sanple 119. An
opti cal ' ' which is directed through a beam
splitter 107, mMLiesied ihdsiggh a lens 109 and is reflected off a mrror
111 onto cantil®ver II5. Cantilever 115 is coupled to receive a probe
wavef orm t hat iEBheipezsend inventien relatdsegemeraty i@ aacanninggabbsimgicedsoapyef or ns
in signal line 117. The interaction between the. periodi¢ el.ectrical signal
wavef or s RPACRIRANT: ITRreSPPOTRAY (e FiPHBY IMMORID IHFRS dadintearaa1 15
causes perdiRditGesMiappsratugroti on of cantilever 115 through the capacitive
coupling between cantilever 115 and signal line 117. This mechani cal

nmotion i s det edackampumnd Heemation 105 t hrough |ight beam 123, which is

reflected off ntil . ff. of m.r 1 r Jens 109 and
of f of beam splc(??%é'lsg\{fggs‘géﬁ]ﬁ@ﬁ%gg{%'Ppﬁgbeil?‘{ g)r %%talsggﬁ §(!’§'r%]q|{:|e cantil ever
115 can diglegtital Q?ﬁélaﬂévéfbﬂn§bgﬂﬂ|néér@esdd5ce’a\@fcb dampld bycicagpbre  the
el ectrical signal fromthe signal_|ine 117 to the cantilever 115 and

event ual | \EXefRlganjiptagratedscirgiity fhigwee pioadlackdiagrm d|ushating &P18§eBbupl ed
to day scanning force microscope 101. As shown in Figure 1, the scanning force

microscope 101 includes a probe 113 having a cantilever 115 positioned 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 splitter 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 signal 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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any nunber of apparatuses, such as for exanple oscilloscopes, to neasure
the characteristics of the signal. -1 WO 01/46643 PCT/ US00/ 35021 _Figure 2
is an il |WOOL48643n showi ng probe 113 and cantilever 115 of PFE/HMESEL
greater detail. As shown in Figure 2, a fixed end of cantilever 115 is
attached to a chip 201. Light 123 is directed to a back side of cantilever

115 and is ref Feated iobh MistdiBni¥iiay Bood #13 SRdXarfifdierlucgs 115 1S

¢
detected b%. observing I'ight beam been teflected off the
back si de bigutaitin gesater detil. A shownin Bagke Qo aRixgdrend of ¢antiteverbi Ssisen

t hat ' bj ect | 21 i dt bs d It
canti | ever A0AG Ao FPA: bofhi2d Kinvekd a6 tackapiol cenieVenals
di sadvant agigd W ffleBle@iSER bf ftybSAeHaE NWotfd dﬁtﬁé&?%@qs%}%étédtﬂ‘yat mrror

111 partially obstructs the field of vision of mcroscope objective |ens
121 when vekseniiggdight pesm 12 aftgr it dasilemnaefiétted gthtitdbacidsidedfant age wit h

the presen ning force mcroscope 101 is that it is difficult to
nmeasur e si#ﬁfﬂﬁ%\fﬁigﬂg}y two or nore nodes in close proximty on the surface

118 of sanpl e 1R8fertifg Ptk it& Fig?c{jre SiitnGh B 56eR tHatla nﬁ&fs%&bﬁé%%ifg‘ﬁ%’ €

cantilever 115 protruding beyond the free end of cantilever as shown
i n Fi gur e lensil21jig ugedfte ebiserveoapd position captilevehans omeelatiommd the f or ce

i ' ' | f i | | f f
Trs vor o SfadE bR MRl PLE, B SsadfRiRA8 Winareietf Sex s5aS%adni oyi ng -
optical deforesmieosseps 30 is tHatingir@dr fif1H BdrtialfyCoPRRIdtS Bk fidva dF1vidiBh ef pr obes

in close proximty due to the protrusion of the optical path used to sense
canti | everMiGIpEGRE pRIGEHVE tems kildwben virwipgrand resitionisyirntiever1THiE

| NVENTI ON A scappj ] Q i,s. di.sclosed. |n.one
enbodi nent , th@%@%ﬁﬁﬁ?&% g{rag?qrﬁnﬁ@?rg%@Foeﬁc’%’?'bp%%écsﬁ@'lngﬁggceamé%{ﬂﬁq%q/er
having a f10%is thatlit isdifficultsiecnsds@recsimiiitaAbbesly twe crindret tbded in didéd uded on
the cantil ever such that _ ]
proximity on the surface 118 of sample 119. In particular, since mirror 111
positioned above cantilever 115 protruding beyond the free end of cantilever
115 as shown in Figure 1, it is difficult to position more than one scanning force
microscope to measure multiple signal waveforms in a small area of surface
118. More generally, in present day scanning probe microscopes employing
optical deflection sensors, it is difficult to position two or more probes in close
proximity due to the protrusion of the optical path used to sense cantilever

motion beyond the end of the cantilever.

SUMMARY OF THE INVENTION

A scanning force microscope probe is disclosed. In one embodiment,

the scanning force microscope probe includes a cantilever having a first end
and a second end. A reflective structure is included on the cantilever such that
at least a portion of light that is directed from a direction toward the first end is
reflected from the reflective structure in a direction toward the second end.
Additional features and benefits of the present invention will become apparent

from the detailed description, figures and claims set forth below.
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at least a portion of light that is directed froma direction toward the
first end is reflected fromthe reflective structure in a direction toward
the seconWOM@6643Addi ti onal features and benefits of the pPe¥EMY3FPAlention
wi || becone apparent fromthe detailed description, figures and clains set
forth below -2 WD 01/46643 PCT/ US00/ 35021 BRI EF DESCRI PTI ON OF THE
DRAWNGS HigeprGe8RiRIPHGRIGETE DRAWINGR ed by way of exanple and not

limtati ot thne acconpanyrng rtgures. Frgure 1 is a block diagramof a
scanni ng f or ce Tileqsresenfiaveatioms ilustrated @y waRbf ekaplecasd hbeliritatich of
vision of a m croscope objective lens. Figure 2 is a block diagramof a
scanni ng foiEca¢RAMRABARS figHERSe showing a cantilever with |ight being
reflected of f @f ' ' | S: ck. di I trating
one enbodi nent %f(l)ql}rgels%?néllo%%?%rlrébgsﬁgcsgglls\@'SQJBLC%VrF’hcgbgﬁcD}%%\}'J&@ér t hat
reflects higbt that obstractiathedield bhivisioresta rderostopdiebpctisendng. nvent i on.
Figure 4 is a bl ock djagram of another enbodi nent of a scanning force

mi croscope haviT8 <%t Plasy&liagRgn of 8 srarRieg|fpee Migioseans Bl with the
t eachi ngs sRbwinia RERARVE: LAYt BAinG! BHEEeR dif ot Ak guagr am of one
enbodi ment o plurality o canni g orce m croscopes having cantil evers
that reflect | iFigureidisaa biock alimgram illostratieg bhegsniodditieat pf @seahningvent i on.

Figure 6 is a bl ock diggramillustrating ope enbodj ment of a scanning
force m CFQJ%(SB'&r%cBB@aF%W?Q@ cgni il F"@%é?ﬁl‘%ﬁtﬁﬂgat eAgcosdance With ucture in

accor dancgWMHikhd 8ethke&stebeRGavahtidme Present invention. Figure 7 is a block
di agram i ﬁustrﬁbat?ﬁtg Z‘ﬂgt%er \énb(IJ I'ment of the scanning force mcroscope
probe havi ng aFigureid isvebloskidiagradi of amutheoeniaimnegt of & segumingdorce Wi t h
teachi ngs _of present | nvent't(ljlgi/er':t'h%we 8.1i ﬁgr?ti er sgreé:t ive jillustration of a

scanni ng TBFOSCHPE NBYIG,R can reflects accordance with the

teachings of the present invention

Figure 5 is a block diagram of one embodiment of a plurality of scanning
force microscopes having cantilevers that reflect light in accordance with
teachings of the present invention.

Figure 6 is a block diagram illustrating one embodiment of a scanning
force microscope probe 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-



probe in accordance with the teachings of one enbodi nent of the present

i nvention. DETAILED DESCRI PTION A scanning force m croscope probe is

di scl osedWOIH/46¢43 fol | owi ng description, numerous specif |¥F1§§§‘¥9(3I5221are set
forth in order to provide a thorough understand| ng of the present

invention. It will be apparent, however, to one having ordinary skill in
the art that the specific,detail ne ed 3 WD, 01/ 46643 PCTI USOQ' 35021
enpl oyed ?'Bpmygﬁttpc%af: mee%rgﬁgn 'RY %Wf(i"bnﬁ" ‘PW%Q‘%‘?‘”?%P’%@C@? Wiel | - known

mat eri al smaferfBté BPAfthed£havs nBEBEe aesEitkedin detdfifblddrto@very to avoid
obscuring the present invention. One enbodi ment of the present invention is

a scanni ngpsanring theipresgddpeenionbe canti | ever haV| ng a reflective structure
on the cantil exe sent lnv]gentlon light is

odi
o et ed T hr s BReremBod iy SFRES b fMivehliSnle B3tBhaint B r " nel udi ng.a
di recti ongicrSearEprbef dniiid e HavirRfa remsttive sthrtdreash gidcattiidves. In

cantilever. Wth tﬁe reflective structure on the cantilever, the light is
r ef | ect edonéemhgdimestokibeduesentineertian dightistdirated through dieessnacsn

the oant 1 PQDECT AR SRERAS Moy dRle! dReciofl ERebRebffom dRHETough

free spagd tothfled enthdftite eantileler ewithathelrefleBtinvedsthdtireag@mhd r om bei ng
directly over the tip of the cantilever. Thus, the optics, such as for

exanpl " acantiewr, thesllgmus reftectahiprovghniresesace] in ase em@p@tﬁneﬂt baek in
m Croscopfdf%@bf?&ﬁ Ir\Y_: u‘?@% &fFe%ﬂoh& %aﬂﬁﬁﬁé(& f%&ﬁ tﬁ&% %%D Qq%efig epeope

pr obe can ever e optics p escri bed

above, a ¢fltheaantijevet. lt\cscaatesmtstheﬁopﬂnczs@sed)td)mremttyemigm theopgtofred i n
accordance with the teachi n%s9 of one enbodi mant of the present |nvent|on

Fi gure 3 $RA%E BI3NATRMGLATBIC VSR BB dnaaft Dagk away diam Agneqsectly
m cr oscopgyetQie i RO AAtIRTe! THuS NRe!GARE! S6ch 85 16X Safifble' MRS, R A

pulled away from the field of vision of the microscope objective lens used to
observe the scanning force microscope probe cantilever. Furthermore, with
the optics pulled back as described above, a plurality of locations in close
proximity may be probed in accordance 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 signal 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 to
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
-4-



probe 313 having a cantilever 315 is positioned near a signal |ine 317
proximate to a surface 318 of a sanple 319 to neasure a periodic electrica
wavef or m W63 n signal |ine 317. In one enmbodi ment, saffpi/ESWBE0Es an
integrated circuit die and signal line 317 is a circuit trace or node

di sposed on or beneath surface 318. In one enbodinent, cantilever 315 is
di sposed near,, and spaced art_ fromsurface 318. | n anot her enbodi nent,

canti | eveFo'éB'EPQ_ RetWee:GAit \fef\a1t5rﬁ%§igaeblirﬁ§17-| ﬁ"téﬁéath’ﬁ%é*?%nt :
cantil eVGEa?fﬂiévéﬁS?@H% Sfirebfly c{aﬁfa%t ﬁf‘ﬁ égHéHP& I SBBr(ﬁ?eEﬂgEoP?IeL{ﬁ d to
Si gha si gnal ne

nmeasure the periodic electritca waveforns 1 n 17. The
i nt er act i elechrigasgnal frenpthd sighal lrlec®t 7 tacthle carititpadr 3ddvaridevantuallstagnal

[ 317 dth b f ' til 315 i odi
mechani cal MBIt B1- et ne Perbe 345 e ighn ord Hepaurien o anY TR 46643
PCTI USCO/ %596&&&%, iseh RRIWEERaHRIY Ak !‘a@iﬂoﬁcg)éi"?&' n?éé!ﬂﬁ% the ne 317.

Al ternativel the cantilever 315 can direc contact the signal line 317
and di r ecchgrachernstiestdfi¢he sigmat.ri cal signal fromthe signal line 317 to the

til 315 and tually to th be,313. Fromt 13, th
Conal “can be Lbiiie BN el Ameelical sBugE 104 Baeeetes adrE a8 Rl ¢ an
osci | | oscepgiredted MRREdh®EdM sphter mﬁéﬁssébg%nafthéﬂt‘i?s?)@éﬂlé@bd Jfmfs

h
enbodi nent, an optlca? source 303 generates a |ight 323, which is directed
t hr ough b8ai s shawn irBthe embadinged ofrfdgtriech light déBligdiredtedfthratgty or  311.

As shown in t odi_nent Fi.qur e light 323 is direct hrough free
Space o TaRPRRIR ollRler 35 Base 317 4 Bhe st datat arReo353 e
directed Hirestedrtordaptiealssicé¥d3iiR AdifedtRMt hBindadirgtiandl éshpboad!
conponent fromthe fixed end to the free end of the cantilever 315. In one

enbodi menfrom e fixed erdie the Bos end afibie sentilener 315.cimone @rebodinenand
hacr PhgH i 02 Pl EHBEgEIPARNE AhE: FRIRRABE78k0 o1 o
cant i | eveca#tlleves3 tieisiticesfore intepenaenbof meehaniBaiometion of lcaatiledef 8ght 323,
which in one enbodinment is reflected through ) )
However, the mechanical motion of cantilever 315 is detected with detector
305 through reflected light 323, which in one embodiment is reflected through
free 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 lens 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-



free space fromcantilever 315. In one enbodinent, light 323 is reflected
off cantilever 315 in a direction having a directional conponent fromthe
free end wigniidb&sfi xed end of cantil ever 315. In one enbodporoseodsoght 323
is reflected back to mirror 311 through I ens 319 and off beam splitter 307
into detector 305. As shown in Figure 3, mrror 311 is pulled back and
away frombeing directly over cantilever 315 when conpared to mrror 111
of the Figl} bavinggantileveediptis ppsitipped mpassignabline B4i7 proxineate3e1 no | onger

bstruct |eckd n rving cantilever, .315 or
oD 1 UCt iR 0o AHCETS I AR A e SRR PR SR bR ©
greater dsigaalllineed Ty, Ireome ehfdddimentfcantiival 3HBNSSispbéethedr@m@ proximty
can be probed using a plural ié‘{vﬁof scanning force mcroscopes 301 in

accor danc¥Pagedraratkirornsyfanss bhanothes embadiment, qantilgyes Sdatisimvent i on.

. . . " . "
m or oscopefae ¥ SuftadBRE, PR UEOA TR, WRTer S B BRI Tone pr obe
-5 WO 01/ rea6il@ PprdtdSwa)efobaithaBiblideaviongeasiid thevisdrictld eleetrites signaned near

signal line 317 proxjmate to _surface 318 of sanple 319 to neasure a
peri odi ¢ ‘@?\é%’flJFmgém sigagbiing mi éarlhedpteractian §atween the pariodic glestécal

enbodi nmeng; | ; Ll surface
6. I n angr RaPeLoBHAE i aBnafulh SFTSER BBt RGN Bafibyentll 2ot Sis.
I n one entmdiesgEriodiamechenizal Sithiohofcantilevér 845 thenghvbeacapaehivewavef or m
that is used .torﬁrggsure t he peri gdi c, electrical_signal wavefornms in signal

line 317.Co4Rling gepicantivenddn ansesigaal g 31%/ branotber embogimentayef or ns
in si gnalthi dé%ui’e%lr ang @ﬁd@%&@gcrﬁf@?{g \}Q{a@ﬁ@@ﬁe%ﬂ%ﬁdﬁé&g EGHtRES

I
peri odi c nechani cal notion rough e capa _
coupl i ng thetelectricalasignalduam tBa Signadl lise @1dl toltheeasfilever 815mpicher enbodi nent ,

e At LSRR B obg e A b ARRlids e b S LY
315 and any number of apparatus, such as for example an oscilloscope, to measure the
characteristics of the signal.

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
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eventually to the probe 313. Fromthe probe 313, the signal can be coupled
to any nunber of apparatus, such as for exanple an OSCI||OSC £ 4
measure tWE 048643 acteristics of the signal. In one enbodi gﬁséﬁtlcal
source 303 generates a light 323, which is directed through Iens 409 and
then is deflected off mrror 411. As shomn in the enbodi ment of Figure 4,

2, Sy SPSHRE ilsoherf e RSN ReFTN bhBHBT NG ShpiPg > 1

directi orsdmwn"ggfoﬁtcdrmemtscop@é 400nponent from t he fixed end to the free
end of cantilever 315. The nechani cal notion of cantilever 315 is detected
with detector BRYENetANGEghHIgUreRtis eockdiagrampiye asetisern erebediment 0éf | ect ed

t hrough f I ! 323 is
refl ect edé ﬁﬁjr%lﬂgi(b?es%%ﬁ@hﬁqg{/den@ché [ ctldgréwggﬁi%%%eﬁn%?%&ég ﬂ%b %ee end
to the fpmmlllt)eoﬁsghaldmay3‘BKPeanﬁBB7Blhml/muea4ﬁeTbo©I27 og@pﬁxmtghiea%g%l S

refl ected ck rror 4 t hr oug ens and o mrror into

det ector &{%ﬂg‘%ﬁam@:sgarén@nerﬁ’T‘P%@%ﬂb%ﬁh‘cﬁ%'%@rﬁ%l | ed back and

away q'ﬁlc%’é HideH Md%b%&ﬁﬂ Ut Bl 3LBst4RGAIG SFRArGG 1he m rror 111
Vs slenfal i

of Figure a resu IS appreciate rrors and 425 do
not obst rsnmnlng imwcmqmsod)peeon\cé Rigure 32Aswhewminsthe\empodiatgntloéver 315

[ 319 I ty to the cantil ever
S5, “Tn it Snons 2B BrerlebieTrenidsSoneostsh sroHENTEs Hac Gnal
lines 317cdrﬂﬂé§)e‘?%ﬁ5W6’P‘pBr5bé>61%¢\” R eH%dHﬁéﬁﬂ nghg#%&';é bire@kd fREANNI NG

force mcroscopes 401. For instance, Figure 5 di agram of yet
anot her eical seurnced¥03Aninp drracmqryhavlngcaadmectg:riad)compmnenbﬁron-pthe 301A to

i | 7B, whi ch
ore oo e e gety kel a8 3100k dHBSTERTON SR, " ©
enbodi ”Errbﬂeét%hh&ﬁ@hrl’ré@sﬁ@é@ﬁom éérﬁltﬁé@é}e@1§491ﬁq 8R8 e?Fodinent ﬁilgg.w e S are

substantially simlar tot scanning force mcroscope 301 1 of Figure 3. As
shown i n 333A ismefactedfrorpfcantilever 315A in a direction having a directional

component from the free end to the fixed end of cantilever 315A.

Similarly, light 323B in one embodiment is directed from optical source
303B through free space to cantilever 315B of probe 313B. In one
embodiment, light 323B is directed from optical source 303B 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 component 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 315B are positioned very close to one another over a
surface 318 in order to probe signal lines 317A and 317B, 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
-7-



Figure 5, light 323A is directed fromoptical source 303A through free
space to cantilever 315A of probe 313A. In one enbodinent, light 323A is
di rect ed WPOM6EPt | cal source 303A in a direction having FEYREEFBhal
conponent fromthe fixed end to the free end of cantilever 315A. In one
enbodi ment, light 323Ais reflected through free space fromcantil ever

315A. | nbodi t, light, 323A | flected f til 315A i
di rect i orOMBGIG BaSS eI RS trug R BER PBRP OIS RSk Bnand & 1RedT | Xed |
end of cagpiei d=RSte BABH. cISkaTbIimty 1 HEbrobR3R13n 8RG :8mROdi ment i s di rect ed

fromoptical source 303B through free space to cantil ever 315B of probe
313B. I n one kigbtelbriean illystgionsstening gieatec tethilf afameogmbodimentofee 303B

i di ' ' di i.onal t f the fixed.end to th
free end GPPERA PeBraaicNih 1R ReaREBRPh B PreRPatinvanidins A5 ot | oct ed
t hrough fgtasvis RRFRUFE 8Mbraldn84 3 MtRidekl8 Bantilkvens15 Haedha® 3t a flxed¥nd323B is

reflected fromcantilever 315B in a direction having a directional
conponenttorg ehiptG¥l .f ineene gnbogimiet, the péerend off cardilevarSiérisafs&: As shown

in Figure N udi antj | ever 5A. of scannin force
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i ncl udi ngsigaf ichatieveB3PB 0f one BMBAITedt, 02 tiPI605AS HRedePdn Bhé $ropesi ti oned
to probe signal |ine 317B. As can be appreciated in Figure 5 the tips of

canti | evetide 9f santigyendt® 4 anpihsr e meat\lincPQs is net ibpleded®nHbe over a

Fur t her marat o7 P Banfiyer S55 M fhncthBPamBbamaR, AR el STEEL eyt om
bei ng di rtearidparenteto light B2Bearer ®fidtive strdciitd®BO3trhay tharbtbretbevdisposedf

m croscope -7 WO 01/46643 PCT/ USQ0Q/ 35021 objective lens 321 is not
obst r uct & thectiosheide f ggnileyeed1813A and 313B or the sanple 319 in close

o ont o et o1 RS pROARSA FTR G %in ot GBI, T

t eachi ngdred sphee fovesrestreflectasmt starctumss603. In one embodiment, light 323 is
directed to reflective structure 603 in a direction having a directional
component from the fixed end to the free end of cantilever 315. Stated
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 light 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
-8-



shown in Figure 6, probe 313 includes a cantilever 315 attached at a fixed
end to a chip 601. In one enbodi nent, the other end of cantilever 315 is a
free endvobn4eswe enbodi ment, a reflective structure 603 PETIURIBWEY on the
back side of cantilever 315. In one enbodinent, a tip 605 is included on
the front side of cantilever 315. In another enbodinent, tip 605 is not

I ncl uded .ont _side of. cantilever 315 In yet another enbodi nent,
canti | ev@%ggﬁqgg%m'ggmp é’pgﬂ{ 15! uﬁtﬁjﬁﬁ "?3_ PYURT ref I ective structure 603
may t her ef or e figurdl & Rogse llus@atiom of BheHer EnlSodiiem® Bt bl¥BE 7339 As shown in
Figure 6, light 323 in one enbodinent is directed through free space

t owar ds raSEPEANceaVith thecteachingsf the pseserdribventiomnt Prdbieght3 ebBiguse 7di r ect ed

to refl egt r W i irection having,a directional conmponent
fromt he(f'{‘"lﬂg(g%sgér?é%%'%vgﬁgqsra&%cgﬁg a&a 8&%#]??‘2\/\/%?%?1%% i‘? 8¢ differentl Y,
l'i ght 32%ndtsssimiaat, theicthaémd bf eantlev&ic |15/ isoy fiebaal. ofn 6red bRBddiRent,
structure 603 in a direction perpendicular to cantilever 315. As a result,

optics &'efigstive)sisuetuem a3 is mehided on dhe back sidle ofccantitaver 318. do®@neo di r ect

i ght 323 : r ' ' iyyent,_of the

br seent - EEbYRERE 480 881 iftid BETRCRAT shle ABRIRAT IR 0n°, 605

I ncl udes aiotlesr drhibbdiatent! PO08ds nbiivklrieehon trad frohusitie 3t Bahtileder 8¢5ed to
reflecti\{e structure 603 at an anPI e from behind chi 59601 as shown in

Fi gure 6.0 X8t angifer embadimest. gantifeyef 3323s transparastte Hohe3d3 pBdr ef | ect ed

t hr ough ; ggﬁg: f ' C I odi ment, |ight
323 is rréef;%glt\:,tée }%%@%ﬁa&é@éte‘f@ﬁﬁ% ‘ﬁ&?égb" élgpec 'fhgnﬁ%ﬁa{\r}sﬁ %‘ggg di recti onal
conponentcahtilever 8h8. free end to the fixed end of cantilever 315. In one

enbodi ment, light 323 is reflect back in substantially the opposite
di rection froﬁﬁmﬁﬁnp?émerg'ﬂQ%t@%%d?r%@@@d'1 ougl feerSRASEFATIGYEr | i ght

e e v R L et L AN
end to thaving@direaliorsfl compdniest fronsilte fixed eBd\WOtidd frée6trl FFGIENLRNOr35021

315. Similar to probe 313 of Figure 6, light 323 does not originate from directly

overhead of reflective structure 703 of Figure 7 in a direction perpendicular to

cantilever 315. As a result, optics are not positioned directly over reflective

structure 703 to 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

-O-



exanpl e of this enbodinment is illustrated in Figure 4. Figure 7 is an
illustration of another enbodi ment of a probe 713 in accordance with the
t eachi ngsWOf1M6fd3 pr esent i nvention. Probe 713 of Figure 7 PCT{EPNFaL1 5
cantilever 315 attached at a fixed end to a chip 601. In one enbodinent,
the other end of cantilever 315 is a free end. In one enbodi ment, a

reflectiv ct 0 e n r 315. In
one enbogPén?mb oirtn?pﬁ %&gftbe%l' Ptfgd) ﬁ%{@%cg (féﬂ’at %% 2%415? ver 315.
I n anot hraviaghereidirestiondlicen§stnerit friah th@ﬁéé%@ torthkfRetirei ofsi de of
cantilever 315. 1In yet another enbodi nent, cantilever 315 is transparent

to Iight eadilaver 315k ditaated inje adetector 309 teedetedtemetion of santiieypodee on t he
front side of g f ted
T R e o e R

di rected tantiewntr 3155/anacaié1 ana fredi ér&ttd @@hnpham nAsasrderem Fignee 8canponent
fromthe fixed end to the free end of cantilever 315. Sim/lar to probe 313
of Fi gur ereflectiyggirugtise §984ds inaludrd gnihe back sideiet eantilgvergiid nad of

reflect o i

oo YBOREHCERUFe Bio@ LnBhg4h S dnd Brbo it OHBATPALEHL Sigae

reflecti vthatsre tayiered b&eR, Whlcnli alents lighghtd be2dredied to oeftkautive sifucturehe
one enbodi nrent of the present invention. As shown jn Figure

t ,eagglengfrﬁgélaﬁéﬁta”%? oBaIMEIBg 1A & ditrsdios tawars: e BREK PR CFHIRVRT such
that |ighgq §%%d'f?orﬁsz{]§?é&%n t&%a&&é 'u?engé/c?eﬁ{gl o‘f'%%H{u% éP3135! ;%’Pton%bﬁ)f rom

behind chip 601 as own I n Figure own I n |gure yodi ment
of refl ecthe/taperedjbaok eld'em)flctu[aGOdilallbwaa:tlglutrtogmateﬂegtemﬁbm eflectiveed i nto

t he back d f I 315 no t her
enbod, mentiriuinpla T baek Fho Siresken TdwaRisuhe SaRbrias o crhevansTs 2R

di ffract | @variaithe a@enaieealiftiel 848, Higndd Aght §ug€ect@a &8k ever 315.
I n one enbodi nent, the Iight 3 that I1s refleCte rom | ective

struct ur eraftes@tedwffoud@;ﬂeatwﬂ atfad:turey 608 VNItI'muﬂ@emg)Obsirlidteddm cdnp 003, As

fg? }M; clt 2 dF' gur %herefg}e laeggatnn?r?gefocgfce trrrlllgroscg{agI eprrgbg ‘Eaﬁhl‘é%?ﬁ%bi%& a705 of
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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light 323 is reflected through free space fromcantil ever 315 having a
directional conponent fromthe free end to the fixed end of cantil ever 315.
In -9 VWO Qb iaeesd PCT/ USO0/ 35021 one enbodi nent, one of theTAsarviserls of
diffraction 705 that is reflected back having the directional conponent
fromthe free end to the fixed end of <cantilever 315 is directed into a
detector 305 to detect notion of cantilever 315. Figure 8 is a perspective

view illustration of a probe 313 including a cantilever 315 attached at a
free end Z%A@NEﬁip 601. As shown in Figure 8, a reflective structure 603
is included on the back side of cantilever 315. In addition, Figure 8 also

shows that oneVéndidslicteemiedas: chi p 601 i ncl udes sides that are tapered
back, which allows light to be directed to reflective structure 603 at an
angle originating froma direction towards the back side of cantilever 315

and froma di 1 4CtA 3afNgTdRel MRrbdcRft BRBeCbomBRtingEver 315, Furthermore,

the tapered back sides chip 6 aflrg togbe reflected from
reflective stauwantiteyesbddving dfick eénd andlarsecondrendpaadds t he back side of
cantilever 315 _and towards the fixed epnd of cantileyer 315 Hence, |ight
is directed to2df et Veﬁé‘l"ﬁﬂ@ 'Q&I@Hrmﬂﬁ %%@tﬁ%\ée_rﬁqcﬁ'ctf‘ﬁl; 8t6@st Qi t hout

bei ng obspbHBResk it eHlths @%cteﬁ*’t%rtﬁé(braﬂtile%éWﬁ@i’rﬂ%i{(&ﬁiﬁﬁ HHv‘ﬁ{q)éCOPe probe
cantilever having a reflective structure on the back side Is Tealized. In
t he foregdiregtianal sbmapnené Fom e finst endldo e becorhend jp eafletcted ot the

present ipvent.ion,h en descri.bed with.reference to specific exenplary
brboat menl et Sty 1A setoRf et sviidln FrBEiehaltooilionsnt fom

nodi fi cat tHensecod shdnoefe fikyehg nade thereto w thout departing fromthe
broader spirit and scope of the present invention. The present

specification and figures are accordingly to be regarded as illustrative

rather than rest r'rih%téé’a%niﬁgl?orxpn%%{o%%gég pFr) L PP FherdinthdRrst

direction is substantially opposite to the second direction.

3. The scanning force microscope probe of claim 1 further comprising a
tip disposed on a front side of the cantilever.

4. The scanning force microscope probe of claim 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 a front side of

the cantilever.
6. The scanning force microscope probe of claim 1 wherein the

reflective structure comprises a diffraction grating disposed on the back side of
the cantilever.

-11-



What is clainmed is: 1. A scanning force m croscope probe, conprising: a
cantilever having a first end and a second end; and a reflective structure
i ncl uded W@ MH6643ant i | ever such that at least a portion ofCTPEEMat is
directed to the cantilever in a first direction having a directional
conponent fromthe first end to the second end is reflected fromthe
reflective stryctyre.l i T j F _d: I ] | conponent
from the secoZd ﬂ%dsclt%nm%?l&ggf'g‘lgr?gsbé?)?qlﬂéggtgghrﬁiﬂghg%%g%”iri croscope
probe of pdfictivd sthetueé cokripeisks lasdiffratitioncirating idispdiela taafbhiedity oPBiPSi te to
t he second direction. 3. The scanning force m croscope probe of claim1
further cepHe¥®hg a tip disposed on a front side of the cantilever. 4.
The scanning force m croscope probe of claim1l wherein the reflective
structure conprises a reflective surface disposed on the back side of the
cantil ever. 5. 8THdesscamminyfdres odcruscops pogiee pf olatmdf wherdimtHe wher ei n t he

reflective structure corrpr_f,ses a reflective surface di sposed on a front
side of EARIRYRRGAMBRISES HliCOMe scanning force nicroscope probe of claim 1
wherein the reflective structure conprises a diffraction grating di sposed
on the back side of the cantilever. -11 WO 01/46643 PCT/ US00/ 35021 7. The
scanni ng f or ce9nmTtrecsammingioote mitrostapenptobdef elaimtihehesdih éfod | ve structure
comprises _a diffraction grating, disposed a front side of the cantilever.
8. The scEAMIRYETEIERISAS: '@%‘E‘b'g'g' obe of claim1 wherein the cantilever
conprises silicon. 9. The scanning force m croscope probe of claiml
wherein the _

10. The scanning force microscope probe of claim 1 wherein the first

end is a fixed end of the cantilever.

11. The scanning force microscope probe of claim 10 wherein the fixed

end of the cantilever is fixed to a chip having tapered sides.

12. The scanning force microscope probe of claim 1 wherein the

second end is a free end of the cantilever.

13. The scanning force microscope probe of claim 1 wherein a front
side of the cantilever is configured to be disposed near and spaced apart from
a surface of a sample such that the cantilever is capacitively coupled to a

signal line proximate to the surface of the sample.

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

the sample.
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cantil ever conprises silicon nitride. 10. The scanning force m croscope
probe of claim 1l wherein the first end is a fixed end of the cantil ever.
11. The sWaPH6RI3force microscope probe of clai m 10 wher ei FFVHIFRLd  end
of the cantilever is fixed to a chip having tapered sides. 12. The scanning
force m croscope probe of claim1l wherein the second end is a free end of

the cantileverq .1ﬁ]mgﬂ?o§8fﬂ‘é¥ie89né%§tfofn@fcé Qgﬁﬁgﬁ%gérgg%ﬂosg:loﬁ%g%r&%%er ein

a front side o e cantilever 1's configure Fspose

spaced apeantilévemntheacantiiéwarchavingadmsipdrel sndla ddvandtdm, teahidtRygr i s
capacitivel% caugl ed to a signal line proximate to the surface of the
sanpl e. 1PRAR S anni ng force m croscope probe of claim1l wherein a front

side of the cagkediméigrtto MRIELAMEGE it iRt biteCRSH REVindd dirduiiiib] ace of a

sanple such that the cantilever 1s coup to a signha I ne proxinmate to
t he surf acemponentfeorndhplifiest enttoibebcoft4hRTRNESABtIRM@21  15. A net hod of
detecting notion of a anni ng f.orce.m croscope probe cantilever, the
cantil ever havf“ﬁ'&cﬁng iaf aséﬁ QN Q?leckﬂm f@fgzthgﬁéf‘%yﬁb@_%éﬂ‘ﬂ?’?%i ng:

di r ect | nogitédioh Ravind'a dirittiohaN@mbanéntiridifitnd sbesitd BRANEYREdrd etgict i onal
conponent fromthe first end to the second end of the cantilever,

refl ecti rifegantiéever; angortion of the light fromthe cantilever in a second

di rection havi di rectj onal onent. fromthe second end to, the first
end of the ca%ﬂé&he éﬁ@'opeoééﬁ%ﬂﬁﬁehgc P thcaPngVﬁrgthe | ect ed

fromthe moatibhlofwes cantiidegrect notion of the cantilever. 16. The net hod of
claim15 wherein the first direction is substantially opposite to the

second direction.
16. The method of claim 15 wherein the first direction is substantially

opposite to the second direction.

17. The method of ciaim 15 further comprising capacitively coupling the

cantilever to a signal line proximate to surface of a sample.

18. The method of claim 15 further comprising capacitively coupling a
tip included on a front side of the cantilever to a signal line proximate to a

surface of a sample.

19. The method of claim 15 further comprising contacting a front side of
the cantilever with a surface of a sample such that the cantilever is coupled to

a signal line proximate to the surface of the sample.
20. The method of claim 15 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 side of the cantilever.

-13.



17. The method of claim 15 further conprising capacitively coupling the
cantilever to a signal line proximate to surface of a sanple. 18. The

met hod ofweloaisgas35> further conprising capacitively couplingcguséoazoiincl uded
on a front side of the cantilever to a signal line proximate to a surface
of a sanple. 19. The nethod of claim 15 further conprising contacting a

front side of ih_g cant'blgv?r with a surface of a sanple such that the
cantilever is €ouphegtpod of glaimalS wheeeip reflectingeat lgastibeartior of tie t he

sanpl e. 2fuht ¥ 1K BSOSl ' e | : : ortion
of The | TontTnis aRtiBleCinthesEeotlRfifdlloh MiiGés Rt IS lightifod
ref | ect i ng reflectiveghitucturerdisposef be the frenssideadfuhe cdhtleeeed on the back side
of the cantilever. -13 WD 01/46643 PCT/ USOQ 35021 21. The nethod of claim

15 wherein reflecting at |least the portion of the light fromthe cantil ever
n the second dpr apel MBiHdACO! i 5 TiSGE] i ohedtfgt i ve
structure disposed on the front si ge 0 trﬂ%ﬂ%gﬁ?é lag\l}%ars' E%bo%@ec#éﬁ od of
cl ai m 15 hgtérfegm thetaetievenindhelseaondtdirmction incuded diffractirg tatlight om t he
cantileveg in t econd direction includes diffracting the light froma
reflecti vfgo'yt? ﬁ%qﬁ??%e aﬂgﬁﬂ‘%dﬁ%‘?ﬁ)ﬁeﬁieo%h'&gg?lﬂﬁ'dﬁfo {the centilevekver . 23. The
nmet hod of claim 15 wherein the reflecting at | east the portion of the

light fromthe cantilever in the second direction includes diffracting the
light from a 2&f Téetmethoskefitaim 45 vhareirettheoefiebiing ableassthdepartion foé

cantilevef,, lfgﬁfrom the cantilever in the second direction includes diffracting the light

from a reflective structure disposed on the front side of the cantilever.
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