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 n%@?orsé&B@ rlbﬂr{.cﬁfde%fa 6#38e%i1gr?1%kfing 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 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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-1 22 SEP 2004 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
cantilever 115 is attached to a chip 201. Light 123 is dlz cS%tz[]@alrback
side of cantilever 115 and is reflected off of the back sidé tion
cantilever 115 is detected by observing Iight 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 m croscope 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 1.CL O | S that m_rror
111 parti aﬁﬁgwe %?térrh@ﬁ%};athﬁﬁ)épl&gﬁg%%ﬁ ﬁ %ﬁd ?Pﬁ I % ‘%Cep% Fecﬂ Wgaﬁeéns
121 whistail ifewhogn émBigpres?, tai foeed regd of emtildvew @15 [Blsﬁtacﬁetbtohechln 26 ddvigirtti@Ges wi t h
t he pr h t | f It to
roas S AEERoTA s, e AEEE bt o R rdeh 9 Meidlef ace
118 ofcanéilemgd b151|$91etdqteqolay thsanling lightibeam m& atber mnas besi telﬂected offtibe dack
canti ls‘?&'eef)fcja}nﬁl ,%roﬁ rudi ng beyond the free end of cantilever 115 as shown
in Figure 1, e 3ff|cult to position nore than one scanning force
mcroscope to rreasure mul tiple signal waveforms in a small area of surface
118. More I S 4

opti cal - deraggpacs hEBLE°FK odte SN RHPY G RSEaR HRREERTS, AT B Snes
i n cl deeolyzeosei and yositien tcanmiémerp‘rﬁt rrusalammnotb thehmrmnel ‘c1é$| otpaarhpresetﬁ tOnsense
canti | | . tilev

VENTERPRbR M RAEER BAE SRfu, ro0% iR hor 81 SREERE AT Berapg

m cr osaspecp rtbbéie!dcofmﬁsibsiaigniarasama bekieetivehlans r‘i@1a~tﬁerr srtawmgdam@oatlsmng)nd
end V‘hc% ﬁfeoerlﬂ% 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 canti | ever i n a first

di rection t t ond
end i s rof I R0 ddbfiEss Wil e SREBAEA sodrBMolpfbelbioBeoBRt b i 1% %6
seconditficulbtt measdnamrmglﬁaaecmshemml cnmadJrecr@dpm ireclbsd pmmnnttyeorsﬁ?eoawifacendwto@ t he
first I S f ot r t | f

det oot s 9 o PR B i 7 o3 B BUSILESREREP YL BB 30
first tbadreanehdaobewdiksreent asahdwedodhigurg R IQESSEﬁ’icQIO(M position more than one

scanning force microscope to measure mulliple 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

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



end is the free end of the cantilever, the nethod conprising: directing
light through the free space to the cantilever in a first direction having
di rectional conmponent fromthe first end to the second e@?oﬁEtPiQﬂ[]l[.
cantilever; reflecting at least a portion of the |ight through the free
space from cantilever in direction having a directional conponent from
then second end to the first end of the cantilever; and receiving the
portion of the light reflected fromthe cantilever to detect notion of the
cantil ever Additional features and benefits of the present invention wll

For th e Bane Foo AR B8 coffiefis Bt HERTY Sl Bloge HEGED BB O ReChE Bis o
OF THEPBRAW eI antieverie sditst diteetion having dirdctibna tcompeeri fromeihedirstesartpltiee and
not | 'é&:&% %&r‘?c?of th&c&ﬁ'tﬁe@e?;%ﬁ%ﬁﬂ% 'apgai‘.f eﬁ#&rﬁgn 01F g%ﬁt t}]rro'ugh %ebﬂrcﬁecﬁ?a%'e%g)rn?m of
a scanning force mcroscopé havrng a rror that~obstrdcts the T1eld of

vi si orcasfileyemin dliresiiophaviry 2 diréstionblesrenponBnigiere tizeri secandlendKo dhatirshendof a

o1 1 och g AR ARG R ARForEot it B Frk R Bt e ginbBuon b hlfon,

one erdithl eantitevef a scanning force microscope having a cantilever that
reflects light in accordance wwth teachings of the present invention.
Figure 4 is a bl ock diagram of another enbodi nent of a scanning force

m cr oscope Adgitiongl ieattees andbenefitsheftthe pfdseot mvéntightwill beemee apparest o hhe he

t eachi Ageq et buBh SRS Al RIkEAB: BhAWERWS 1S 3 bl ock diagram of one
enbodi ent of 4 plurality of scanning Oorce m croscopes having cantil evers
that reflect light in accordance with teachings of the present invention.
Figure 6 is a block diagramillustrating one enbodi nent of a scanning

force m croscope probe having a cantilever with a reflective structure in
accordance with the teachings of the present invention. Figure 7 is a bl ock
diagramillustrating another enbodi ment of the
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grating in accordance Wth teachings of present inventio

per spective W(%}M?% ation of a scanning force nicroscope pry shdhsoz1
accordance wt e teachings of one enbodinent of the pr esent I nvention.
DETAI LED DESCRI PTI ON A scanning force m croscope probe is disclosed. In the
follow ng description, nurrerous speC|f|c details are set forth in order to
provi de a tIBRIEMGBESCRIPEION OFTTHDDRAWING8sent invention. It will be

coRarent. VeV i ?%é*‘%@%%&%tfﬁ%b@@%'&f RS st Nl abato

enpl oyed to pmﬁmamnbﬁwymge‘@rés i nvention. In other instances, well-known
material s or net hg_.ds halve :ﬁ? en descri bed |n detail in order to avoid
obscuring the preséit®i'vé@ ‘?%ﬁ‘a@ﬁ%‘@ i eRnming forse migeossepe SaYing Bvention i s
a scanni ng f%ﬁr@rtﬁﬂt@b@@@@@ﬁueprér@afﬁ@.@h'df%\éﬁerd%%bé‘sb@cw lefigtive structure
on the cantilever._In _one enbodi nent of the present |nvent|on light is

di rected through fﬂ%’éegﬂﬁééﬂoﬁt@'{igfé\nt@‘rﬁ $¢aémmg fprceanntmasopeomhencl udi ng a
di recti onal gwmgﬁéa of the
cantilever. Wth eb?'f('e I%TW@édgfrB%g E%cté% {)#Sf{heeb%cﬁ% er, the light is
refl ected throughFiguse 39§)adzto<1krdlagremﬁmﬂjtatlngMnetmmﬂodlmemaofd! so'aqhingn

the cant 1 cveree fuARERE AERAT ALl haEreeFS i CinclooEns B ¢ ough

free space tteaczkmgsfmfdhepk&enalmvem&mr may be noved back away from bei ng
directly over th of the cantilever. Thus, the optics, such as for

exanple a mirror, 6d§ PRIPCK HI0 R MLrhangtherieaihpdimeny of astsapning Aerce

m croscope obmnemscm@e haviag essadmbOer 1pasRAEstigAt lﬁ%ewd'aacé QfitA§ndn Croscope
probe cantil ver FurtFerrmre with the optics pulled back as described

above, a pl u eAshings A the, Prasephoventian ose proxinity may be probed in
accordance with t Fi@uﬁ’@é%‘h%k‘?ﬁaé}ﬂﬁm rﬁmcﬂrﬁﬁéﬁxmeﬁf oftéﬂ' uFHllgﬁ(?f@cahﬁ'iﬁﬁnt on.

Figure 3 is a block diagram of one enbodi nent a scannin
force microscopes having cantilevers that reﬂect l[ght in accordance with

teachings of the present invention.

scanni ng force m croscope probe having a cantilever with ?%s}%??gaq
| e~8%l's a

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-
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m croscope 301 in accordance with the teachings of present_ invention.
probe 313 having a cantilever 315 is positioned near a si 92 SEF’eZBﬁH}

pr oxi mat e tow%OZH&@ce 318 of a sanple 319 to neasure a pehpffgjs@?gdz?ctrl cal

waveform carrie signal line 317. In one enbodi nent, I's an
integrated circuit die and signal line 317 is a circuit trace or node
di sposed on or beneath surface 318. In one enbodi nent, cantilever 315 is

di sposed neagmpRydd scppmdc@mrﬁreﬁémnmﬁembﬁcm gther udsmr@egtMr-krﬁjmpdl ment,
cantil ever 315 is in @ ggt with surface 318. In one enbodi ment

cantil ever 3Mgter@is Y peads have pelhaas %PS&F'B%'W\E\Q}@? By ordenteravoid used t o

measure the Mchﬂﬂgg-,@b,@géﬁﬂlﬁ@ént@h nal waveforns in signal |line 317. The
i nteraction between the periodic electrical signal waveforns in signal

line 317 and the @n®pBebadimans oftherpresentiineandion3s g scannisgforperi odi ¢

mechani cal r 2, SEP 2004
WD 01/ 146643 E&%ﬁg@%&?@%ﬁﬂ%ﬁﬁ%ﬁab%ert%\ﬂg%r‘{tegsgwﬁﬁ{?% h%?@“ﬂ%‘érsﬂ'bnal li ne
317. At er natnevempodintent ot thetpresand im@&bSon dightlisr dictcted themighcted kpacel gnal

line 317 and r LY. coupl e the . electrigal sigpal fromthe si l'ine
317 to the ctgﬂt"ia?éb@%v%rfggﬁﬁcﬁ%ﬁ?@gm%a ﬁgect{qquﬁqrag@eﬁgr "F'?'S%J‘?]‘?ﬂe pr obe
313, the si garad toths flee mwfltwcmnw WWtD8IEe refiéctRRRAUBIIMS BF theuch as for
exanpl e an osci|l osco sur Qgé characteristics of the signal. In

one enbodi nefft! t"eXﬁr dbgf%ﬂls FR& $asS 1 onp gmboghmentiackin’ | s
di rect ed thré’blﬂé’cthﬁaﬁ&lﬁcﬂih?tatcﬁfecﬁ&?al cbmnéﬂﬁfr@ﬂdhé h@@ e'na t@ﬁ{éﬁ)@dﬁ‘@h i

mrror 311 shown in the enbodi ment of Figure 3, rg S dlrected
through fre¥ tBpgestieverc £%3 feé;uﬁﬂhsmtm ug@%t;bdm@thehg ﬁéfoéﬁﬁbﬁ"ﬁﬁmant

light 323 isgy a@brts%ecﬂromﬁ@c%wg gﬁm?&?ﬁéa@w%fﬁ@tse?ﬁwﬁéet g a

directional conponent fromthe tot ree en ntil ever
315. | n one «@hdm Hpat the cgptileven. Bwrtmeemics; sudhaiefos sdamplecd mimor isl ever

21 ar AT M Hort 8, 1 oF B8 5 Bl S PR 05,
cantil ever 3ifens thetseatridg ferca nuiem:)eccbmfr prad@Scantireveg hFurdidraote avith ght 323,
B, oy B B g S8k bR LB Enb g 1 ever

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 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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cantilever 315 in a direction having a directional conponent fromthe free
end to the fixed end of cantilever 315. In one enbodi mentZZ S@P 2084i s

refl ect ed bmé%%én rror 311 through I ens 319 and off beaﬁf@g@%@ 307
e ac

i nto detector As shown in Figure 3, mrror 311 is pu _ and
away frombeing directly over cantilever 315 when conpared to mrror 111
of the Figure 1. As a result, it is appreciated that mrror 311 no |onger

obstructs m ¢h@SRRIRWESH @ﬁﬁtllé’\%rb%%n% NS QbﬁeAMérﬂgt thbever 315 or
portions of saﬁglﬁ‘g 319 near the cantil %igver 16%2 gescrl bed in

greater det aiCPNHaYRh15L39| Ch'i%ﬂy egntaetithe isignal Ilﬂel %Qsafwldirﬁfwyaious@ the OXI mty
gggoPSaELgb\?m%%ér@da%i?gglcfﬁfrﬁmé é’ﬁ;ﬁ’él Ilné%a}'?% g‘% éa?{ta%%}ep‘ta?é gﬁg%@gﬁtﬁg nvent on.
Figure 4 is &heaprobr %Badﬁf@mtbé peohmt&fe?r tiwtlgdalrmntbeafowlerbtaranyngmﬂbmce

m croscope 4 t eachin resent jnvention. Probe
TLoue 01/ as0NbenB BRSS CRA Rt Rie 55 2R Eont g EAR RS er 315 is

posi tioned neharastegistics ofithe sigfhal. pr oxi mate to surface 318 of sample 319 to
measure a peri odi

el ect al veformcarri signal line 317. In one
enbodi nent, canti f"e‘?/@re@&%& gﬂ%‘;ﬁfg@g? $rauge g&éjge%“ﬁﬁ%& light 3231 Whlkhsur f ace
318. In anot M[rm@nbem@bﬁﬂe@%? %ﬁésbg aha th&%to%@lbcwtjtchf n%wcirace 318.

I n one enbodinent, cantilever 315 is coupled receive a E e wavef orm

that is used3{d AsShewe iv the pmbrdiment of E’Qtlfei %d’lh§§3%31t§ldlr mu@ in signal
line S17. TherebBbaEatd balidver 95 f blbeRAI. Ao it ot $agk vaver orms

in signal line 317 and pr obe ormin cant ever causes
peri odi c nec Htiﬁ@@@lffoﬁ‘b@mt!ﬂﬁ’ @ﬂUfG‘aﬁBB g slireatis nawmgu:remmmpomm

CoupL L9, Dt WBRNEMIEN GRS i Fed By ot g S, I BbREET DT, o
coupl e the epke spurske @Bg’ﬂMdebendﬁnthné cantijensdr 31bramd3dgident fighe32&xtd i | ever
L5 o BBl 18 e Ao AP o o bR PO oo
t o neasure t hlewever, 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 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-



characteristics of the signal. In one embodiment, an optical source 303
generates a light 323, which is directed through lens 409ﬁgﬁgg§gpaﬂh3
defl ected of f mirror 411. As shown in the enbodi mnent of F& ) ht
323 is directvol464dugh free space to cantil ever 315 of pr®oEUSWB5020N one

enbodi ment, light 323 is directed from optical source 303 in a direction
having a directional conponent fromthe fixed end to the free end of

' 3 A AU Al ' . . S tected with
et ector 308t i ana CRARYRIEDS ERRsBEnel nE LGS AT BrotRefEibl ect e
t hr ough freesélﬁﬁlﬁei‘)g’fﬁr@rﬁaﬁmie Bﬂ@@mea%r.eapeﬂ?tﬁc elsbidanwatefoin t@ﬁﬁie]@ﬂ«a Irs1d
[ ' ' [ .directi,ona nent fromthe free e
Lo the 1 xedentmgza o Y sibcyien Ronilevas 380K Asrpsed nepriandos | < |
refl ected baspacedapartfram sddace Bm.ougéhdtm%dimeglt,%gtngvgéerf%iﬁg 'bgf:(lz and

det ector 305, shown in Fjgure 4, mrrors 411 an ) :

away from b8?'ﬂ§°td'r"&b%l{ff%?eo%}‘%r_'E&Htaiqnéhﬁ&lmsmscamﬁve;f@ﬁﬁas eeupledid rror 111
of Figure lrecBivea piobliviavefdrm thaPiRRisR8 1@ hethshRPthe BeribQiceidot #Q@nélz‘r’ do
not obstruct mcroscope objective | ens 321 en observing canti Fever 315

or regions of@#ferms iyigraldne £dée Thednieractivn bstwrendheipeyiotic aiémriaant i | ever
Sl gnal |1 | nes Fadwivet i sienerid's WEaNd 1 iibds wletrioh d3p it didte) o

signal lines 317 in close proximty can _ : at y of
scanni ng f or E@USesPegsdicpeechanical motion of cantibever Bil §uhreugh tise capzichiv di agr am

h ' s rali .S ni ng f.orce m croscopes
S0 to 301 B IR SR edtieBr 314 5RY slohal g ST "oy heifercrmieiagita and
317B, whi ch theecantileybo3th mmdiiaﬁtly]}conmuﬁefmgnaluhéaﬂg Oalai%;%gﬂ;g%?%@lofe ﬁilgme
dj .bot h [ orce 0SCOpes . _
5" ar e subst alt S GCE S MRLRORRE reRaC e 1 | efealvertibod so1 of Figure
3. As shown éevertindiyaotieslprobet31af FromaHe @rébe 81ghke 333 Sdla?A O%&FF??O of Lo

P one. embodPRERPTOP SAPPazUS uchiap dot ePrrioan cspliecsposumEabEodm™ | n 4
di rection hashargcteristicsef thedsighalconponent from the
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-



fixed end to the free end of cantilever 31 5A. in one enbodi ment, |ight

323A is reflected through free space fromcantil ever 3152\. ’I'
lﬁggﬁggt i on
end " of

[
enbodi nent w(g(m““ 23A is reflected fromcantil ever 315A i,z&.
having a directional conponent fromthe free end to the fiXe

cantilever 315A. Simlarly, light 323B in one enbodinent is directed from
optical source 303B through free space to cantilever 315B of probe 313B.
In one enboglungity of $ipoditin82 3E7 irscldse proixinityl czamrbeopiobedlusigy plardBss i n a
di rection h?éé\)ﬂﬁnda@?l rectional gﬁ%rrponent fromthe fixed end to the free

end of canti SN GRES 8ftbodi ment, 1ight 323B is reflected through
free space from EerihstanvsFi@is®B islabidedia ,ﬁﬂbfmranoihbgghwb%aﬁn%dt%f
reflected fromcaptilever K 315B in a direction having a directional

conponent fr gilyrAlty of ARG 105°] MiCrogaoRes 3B to BO LR heingetsed ta DBehe @s shown
in Figure 5, gmmﬁ&eoﬁé@ﬁai!ﬁﬁéé HWA‘QnGQE?B! fieh a?’%lﬁ‘{gtg(?%eﬁ&%ﬂﬁbgg%argq %e

m croscope 301A i's _poSitioned to probe signal
i ncl udi ng caP¥if3ee&\8 ofisangplesidQnin pge eorhedimentr betbspenisiog fces posi ti oned

t b I G | cl 10 Eigure the tips of
cont |1 over o BiEFRscdnes st Alnd S0 G RREEE AL Ehuall FHHHEE Bt ot nor over a
surface 318 searpirgeiorecomipradeeps i3gn alf Fig;;mes. %7sgqomﬂnm€|8mgbgmmﬁk ofvel ]}/
Furth . =W ) . 1 311 B bej u ack awa rom
ot ng-ai ot Pt s Rl agA iQliPeotet eaPibadamofrea 45k Ploudtores sracaiont

m croscope - Far2iléveSEPSR QD role DB BA4sheRANIIHARN B IGRA 320 g ehrevRdliRns 321 is

t obstructed. when ob I, N ropes, 313A and 313B or . the sanple 319 in
2?052 [S)r oxXi W&Fﬁ]ﬁoqrﬁ%aﬁé%%gd geyRNiRying adireetiqyal eorpperentfrom thest r at i on

showi ng gr eafisd aief teithe Gbe@na ctERABLVET154 A onBéMSodihant ﬂg@ mgnce with
t he teachi ngs of the Bresent i nvention. As shown in Figure”o, probe 313

i ncl udes a cefieried irough & C8PaEh Famutardilevek 3thAntn oneembedimersOight | n one
oo ey S, FrBRceaon BN} 6K PARLAR 1R ¢ ADiEd °0% o
canti | ever 3%empanendfiemdhpdigieranstio the fiked endof santievend¢8Aon the front

Similarly, light 323B in ohe 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 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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side of cantilever 315. In another enbodinent, tip 605 |s not E;é iﬁj[iﬁ
the front side of cantilever 315. In yet another enbodl 603 th f
315 is trangparent to |ight 323 and reflective structure nma ere ore
be di sposed “OP#%&3front side of cantilever 315. As shown*FHUHC

light 323 in one enbodiment is directed through free space tomards
reflective structure 603. In one enbodinent, light 323 is directed to

reflective sbbjective ien§621ignét ol frﬁétbd%éhadﬁ B8,y FiobBe a8 ent from
the fixed ench;rteo thenfreelend fs cantil ever 53116"9@ t at eg )?lajpfjer ent l'i ght

323 does not M §RRIAEAOR BlﬁﬁﬁPF%ﬂtXItQNﬁérﬂﬁ@%ﬁS HF3A and 363B. ve struct ur:r 203
di t |

ot posi t1 oned i Sar 5 B HustBRBR b GreiEr deleh B B IR o g, *555

in accor dan@@bﬁa‘lﬁf in raecwrdaom wilh thod teanﬁ;r)xggbbmerme*semﬁn\ldmggl?r aﬁglnt es i des

[ t enbo u

![ E\z;'? nalr (Camt aper e@b&bvﬁgk%séjéﬂ%%gfs MCBWFE@Z%‘?"\"&“E’ ?ﬁé?gﬂc Eft@f Xed8

structure 60® athlarﬁoangh ené renrrbodhﬁbmtnﬂxecdih@r SiloPsantiRVBN3 1 Misk Bak e 6- As

h in Figur n e enbodi ment, is reflected through free
:pg\é\g :‘Poml ?g?‘f @'tci" g@%’?@ §°t"’ier§t6-}?§”§r§9§d$ instuded|anghe bagls i s

reflected fradeo&aémtil@aeemﬁlfin bﬁe anfhodfRénton t:B%bSﬁQur%iﬂ'eH%tthQ% t conponent
Canf | ever one enbodi nment

f the fre fixed end of

I rghmt 322 i ss'g‘f"é’? {L?Pe §a§k I ﬁ”@@@é?@ﬁ@ﬁmqw ftm@%lﬁp'@% lfthJ@drﬁeldheopl fr;)md
whi ch |i ght ﬁ‘ﬁf& rrelg‘@ s reflecte
bal:ﬁ [ nlg dlmrseﬁbg%@tggﬁgtg %ﬁb H?JI Hﬁﬁén& #érrg%vgg%?? ever 315 in
a direction WREPEH to Hohte2; Weﬂ@@mwure 6O Aetheraferedreidispogede fi xed

end of canti 2004 WO 01146643 PCT/ US00/ 35021
exanpl e of té\fgﬁenﬁﬁgfdﬁé&rycaﬁgé?’% | ustrated in Figure 4. Figure 7 is an

il lustration of a¥oshmyn ierffigariert fight323inpnebemBddiment isatheotedaneaghi t h t he
L) e, e GRS RS el B o B ort T SRAE S e
the ot her erdiresfecctamefieativerst@tfure 608 irf & efreetich hdvin@agireshndi nent

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 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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a reflective structure 703 is included on the back side of cantllever 315.
" In one enbodlnent atip 605 is included on the front S|d2 Qéver

315. In odinent, tip 605 is not included on the fr
cantil ever %%Q%{Mﬁ%%g)yet anot her enbodi nent, cantil ever 315&%@%@3’?%& ent

to light 323 and reflective structure 703 may therefore be di sposed on the
front side of cantilever 315. In one enbodinent, |light 323 is directed
t hrough freesxspieottioin ¢mbodimenBibSllustmtethie Rigdredi. ment, |ight 323 is

directed to canti 1 n,a.dir having a directional conponent
fromthe fixed e#&gq{rg %gﬁfjlluggag%o ?“%ﬁﬁ"t?fﬂw&m ngaka prgbgi 113int o probe 313
of Figure 6, achgiWcBMhdb@ﬁeamﬁtng@rdfméWﬁe@.eﬁtr AR iohe Hrble 7@3%? hf@@% 1

refl ective strugégggag@:% of_ Fi in a direction perpendi cular

cantil ever 378U Q\fir319 PB%d at @ fixed epdio @letPeﬁmdllnémel y over
reflective hisaLGERE tﬂé)&hbpeﬁh éﬁﬁéntﬁé@t’%@@a %@e%%ﬁoriﬂggggﬁﬁgﬁﬁﬂpéﬁlﬁ qure

t eachi ngs of one embodi ment resent 1 nventl on
7, one embodi FRlREtivesTiruckirg 7@@ is inﬁtuldld@sl tbe desk sidatof anptileegraidd lhank such

that |ight t angle from
behi nd chi p%dcﬁg@%%ﬁ%bs ll%%cfjlgeéqs&“&\sé cﬁ'&\fﬁ%ﬁ éﬁ}’%r ggﬁ'e enbodi nent
of refl ect i \anothar @mhodimatt3tip 6051 is nbtfificladdd omthgy ontriHd ledariifever gtwd into
t he back si e 1 wn tec gues. | n anot her
enbod ment . {1 SRR TN FlpRRC cS8PE ek uaRstRen o IongHeS sod | e
diffraction rgﬂa:twegtmwrdomaemmnbmmr@ behfisgdseflonthdfronPidept | | ever 315.

I n one enbodi ?u,% light 323 that is reflected from reflective

structure 7(9@ a plurality of N orders of diffraction 705. As

shown in Fi gure Vn 8¢ eida8imemtgight 30H e N of
refl ected g ﬁ 3%3 E_E?r eflectgg‘ througrﬁﬁgﬁcﬁgcgéé %%é:n&::% z’g\rr/’er 315
T

having a d|3|:I R BRaEMISRFBREnioht Bghhis diseqted éo @Wi!lQ\@rBHélm a>chrecmm of
til |
rbodi ment, | gund bR LbHRReH Aoty TR0 En IR T R6reilbvery pack

enmbodi nent, one of the N orders o
havi ng the ditPe&MiaTdp peehfpdhbat Figumnb.tlight 822 doendot arigiate fioxedirently of

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
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cantilever 315 is directed into a detector 305 to detect tion of
cantilever 315. Figure 8 is a perspective view illustrati gﬁ ( S@Pp QBS 313
i ncluding a “&pﬂ%&hfver 315 attached at a free end to a chj /@9({13735 hown
in Figure 8, a reflective structure 603 is included on the back side of
cantilever 315. In addition, Figure 8 also shows that one enbodi nent of
chip 601 includes sides that are tapered back, which allows |ight to be
directed to PBEEsHOdieer: enolthe N eaeraof diffractipne7 O thgt isatfleuted back a

di rection towal: ' f ni i er 5.and froma_direction
t owar ds t he r{?‘;ﬁ@@ ti&nﬁr%%ﬁéaaﬁ“lto?fpeo\%gﬁg?@thg:.fﬁeﬂ?é'%#ﬁFlée, HX?CLQH‘% 9hered back
si des of chi padifidveni3dvs dirédtglhintd @ detedter 3G toadbtéctonvticef dfashtieer $15. uct ure
603 in back in a rec%ion tovvargs t. he Pack,si dfe of cantilever 315 and

t owar ds t he fixed'glﬂgH'a3 15 TRATPEEING vigy dlusiigtionof a prpbe 313 iaPlHEWEed to and i s

reflected froantiefdradbiatachéd HEa Hee PB3o W dHPBH1.PRERACRAT Fileted, HY chip
601. Thereforer{? scanni ng force m croscope probe cantilever having a

reflective sf¥ E"(?_r%tr%“rte 3y ineluslegeon therhagkisidedof qantilener $th.eljoi ng
detailed deggaitioh,iAgureld'SisghHNE tﬁ?%n@%ﬁiﬁ‘lént‘gf cﬁquesé’f fiRfuidks et ! O

has been described Wth reference to specific exenplary e nts
thereof. It #hatare tapgiasllegck, whichullowsdightiatbasdirdcterstomefiettiveattiuohse and

Ccope ot he gy aear nb Ry el h BB By AR ool B BBl o are

scope of the present “inv Sp Bres are
accordi ngl y 8%5 bad fregna dirdctionstoiviatdssthe dixed end af bantieverd 15e Rurihethye, 22 SEP

2004 CLAI M5 I .pa.force. mecroscope . .prabe, ¢ ri.sin . cantilever
having a fi ré-{ef @R%ﬁ?%cggliegcogﬁglpe f E?'&PPE? 85‘?!‘%%@ @g‘g@ﬁ@?@ﬁgrq%?ﬂ&’ef ree end
of the cant sireshere; 608nid back &f & dirbition tolvards thebdcR sldedsitpalsvbes1sapd i | ever

such that at,]east,a portion of |ight_ that is directed through free space
to the canti Sm‘?fﬁ(edfeﬂdsqfCﬁPL’@@?ﬁ%ﬁﬂé%%“@“d? deeetedtarnd éhmponent from

the first enrbfleotetilifons esfRrtveswudisre 603 WhEA bbigWitrucidas, &rgeg:f rom the

reflective st ruct_que n a second . .
ereiore, 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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direction. having a directional conponent fromthe second end to the-first
end. 2. The scanning force mcroscope probe of claim1 wheref) %Sﬁ@ 200%
direction is substantially opposite to the second direction.

scanning force mcroscope probe of claiml further conprising a tip

di sposed on a. front side of the <cantilever. 4. The scanning force

m croscope probe of claim1l wherein the reflective structure conprises a
reflective @affce di sposed on the back side of the cantilever. 5. The

scanni ng force m crosca:_Pg ggrobe of, claim1l wherein the reflective
structure conpri sds S52PRIIEIOEGE MEGHISEERE PR eBOBRCEEiNgont si de of the

cantilever. 6. The seardangilever HivEhgSE ofiespr ehe 013 6l Qé@d:ﬂd Wherein the
reflective struct ug\% conprﬂ ses a di ffd{]act i O gra%i g | sposed on the back
side of the canti "VEF* 72 S rRECERAMITG®t Brieenie probe of claim]l
wherein the refl emmn:wleewssur,ucture conprises a diffraction grating disposed

a front side of the gaﬁ.[at ?gﬁ%e ctibh 3?%‘13&%1?%0 Cﬂdeﬁh%ﬁpggnm ng force

m croscope probe of rein & CARL I T SvVer %es silicon. 9.
The scanni ng for c&antélemrosuchr Oat i teastmal pakeiet of dhghcarhtad ever

conprises silicon jai gﬁg&edlghn;g@l m@ng é‘ QoC endi Hﬁﬁg@?ﬁp{#l&e of claim

1 wherein the fi rit end a fixed e of the cantilever he scanni ng
force microscope proBe %‘fre@ltéPﬁ]%@’”\%hér@?qujr@nﬂ XEFCERELBf EXMe canti | ever

is fixed to a chithehintdtg ebvdpes ethes isdasnd leha '{Berémtleﬂgtﬁﬁﬁfg% m cr oscope
probe of claiml %}g«raespaCe from the reflective structure in a second
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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a front side of the cantilever is configured to be disposed
spaced apart froma surface of a sanple such that the cant%zSEpgﬂomr

capaci tivel y8.coupted smmisyghetcd mierpsaderptehd oft heaswrf aserein the
sanple. 13. The sc i f.or m croscope pr.obe of claiml1l wherein a front
side of the cantiIg@£f§%§1§8ﬁ$$ﬁﬁwgﬁlf8 H@HﬁﬁonContact with a surface of a
sanpl e such that the Cantilever is coupled to a signal |ine proximte the
surface of tfe sanpre scppning vferesd mEroktopet bnogearotli ehabh awdeznriming force
m croscope probe cgiM idLNeh ePaYi N ikht Sd118Rdnand. A geSecond end, said
second end is the free end of the "cantilever, the nethod conprising:
directing light through the free spage to the cantilever in a first
direction hagghg dTli‘e‘e%qaﬁLﬁé’Pg EURSoNRTO3GB% PFPe iafstlaHy t sheReiRecond
end of the cantilgwerfireef kRiting &tixbeasia arped icentieddte | i ght through
the free space fromcantilever in direction having a directional conponent

fromthe secpnd e s b T e | |l gver . . receiving the
portion of the Ii Sﬁ%é %g%?gé{l%ﬁxrcgmﬂg?ﬁées ¢ %t ??%}_%/éerc’%t gi%zér?g@t notion of the
cantilever. -12 22igERinophe 1bixethendeehddreotantidiaverdinnbipsiontehe first

direction is subsiiai havhkyy ORRRSlesiged he second direction. 16. The
met hod of claim 14 further conprising capacitively. coupling the

cantilever tp,a signal line proximate to surface of a.s, le, 17, The
method of ¢l Hm 14 FUPCRBPROMIECE: RGCTORFGBEL PRRRS, OF C1aIn L 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 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 scanning force
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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coupling a. tip included on a front side of the cantilevefqg [ I
| i ne proxi matf%to a_surface of a l e. 1$. The net hod 02 %ﬁEE\S@m

a
further conpriding TEntsERPAPE © ﬁ@n 4 fhweean Eve gt fevestiwnt ks a.

surface of a sanpleistehtifinly Wipoaattide@e becotpiedctfyp signal line
proximate to the surface of the sanple, 19. The nmethod of claim 14 wherein

refl ecting atyj east,th tion.of t i ght fromthe cantilever [n the
second di recjfél'on |Trﬁ:él giggggéeéfé%fallﬂgﬂﬁé‘q%ﬁl‘&ﬁtC‘F‘?%S&ngr‘éﬁ‘rfaé‘é"ttiw%iy
structure di sposed wwplhagbbivk csindélefet He acabimdlevdhe Rfoxikgenedhod of
claim 14 wherein refl.ectingsal éd%%ﬁ& the portion of the light fromthe
cantil ever in the secon direction includes reflecting the light froma
reflective structure disposed on the font side of the cantilever. 21. The
met hod of cl &i’‘m 14 %F‘é&ﬁ\o‘ﬁ ¢t sdeinglhtiurshsr eomprisongi capastitiely i ght
fromthe cantil evercguplihe $eGNdncibd&e nOR gg&&yQQgedbﬁﬁﬁﬁgting the |ight
froma reflective strgﬁiure di sposed on the back side of the cantilever.
22. The method of PRI & et ldfecRfPRgale Feagtsunfaeep®fti on of
the light fromtheeacaamplever in the second direction includes diffracting
the light froma reflective structure disposed on the font side of the
cantil ever. Ti L meGANNI RCH P E TH
REFLECTI VE S%%SUCTUEJI}E@ATBN r actCJ:}IGKEscann%wr@%%?;&%P%g%m&%g}é%gt il ever
having a reflectivérsbkuetdf @f fheopantdiisygrneith a Werfeseraibed scan- ning
force mcroscope peghgié&anidd enat tﬁ\é?'d&%&lévéﬁf:ﬂse%hhﬁfe%tgdjf&t HEgnon the
cantil ever (315). ELght 32%%ﬁfron1an optical source "(303) is directed to
the reflective strdcParR-HIBHE EQnths &pefags 16 the gawpdection having a

directional conponent froma fixed end of
19. 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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the cantil ever

(315) to a free end of the cantilever

(315). Light (323)

reflected fromthe reflective structure in a direction having a

di recti onal

fixed end
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