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Probe Assenbly For A Scanni ng Probe M croscope This

invention relates to the field of scanning probe
worR@sosopes, and specifically to the probes engi/cBew7/004160

in such mcroscopes. The present invention is

particul arly, but not exclusively, suited for use with

atom ¢ force mcroscopes._The field of scanning probe

m croscopy began in earl y 1980's with the devel opnent

of the scanning tunnelling mcroscope. Since that date

a wide f%Be%s%@?@ﬂ%&%ﬁﬁﬁ@oﬁ@%r@%ﬁedeve| oped,

al though they are a ased on € sane 1 undanent al

operational principle: an individual nanomnetric probe
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particutayy kit net exabisively, shitedfat usewith atohtc fopesinigpssvdpesand
its interaction with the sanple surface. Sonme probe
t echni ques, such as scanning near field optical
Theifieldyf esaRningRIGNE, Migeaseony bagen dmsarye R8s with the a
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or nonitor other related properties suc
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e Interaction force
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i nferataom c force m croscopy
<S§§§!§r§| ‘3“3'%&?;’}?8?’ ¥ thend: £ §11 [9cBlprape P %mereqatlonwmm the
safpRcdurage.( el ectrical force mcroscopy or 'EFM),

anmongst others. Atomc force mcroscopy (AFM is the
nost commonl y used scanni ng probe m croscopy
Somsgiabeteshninues, issck as ecarining negpifieldiopiéaVintcresedpyd SNOM),

r r e end of a
de%gﬁérﬁ:ﬁevée@\%mﬁ {f‘gs \%hrgglﬁ%&}u%esln?e ctnUa ﬁv&tggandﬁwlpﬂggy to
sample o5 amasiiter othenielated propepies §ech as atisorptivne poladsation,
walvBieRGtA Ghd. OBthkP pfoBe techniques are based on the detection of variations

in a probe — sample interaction force. Techniques in this Jatter group are known
generically as scanning force microscopy (SFM). The interaction force may be,
for example, interatomic (atomic force microscopy or ‘AFM'), magnetic (magnetic
force microscopy or ‘MFM’), electric (electrical force microscopy or ‘EFM’),
amongst others.

Atomic force microscopy (AFM) is the most commonly used scanning probe
microscopy technique. In the case of a typical AFM operated in contact mode,
the probe is a sharp tip on the end of a cantilever which, when brought into close
proximity to the sample, bends in response to the interatomic interaction force
between the tip and the sarhple. An optical lever technique is usually used to
measure the bending (deflection) of the cantilever relative to the cantilever mount
or to the null position where no force is acting on the tip. The AFM may be



10

15

20

25

between the tip and the sanple. An optical |ever
technique is usually used to neasure the bending

w@ d@Bloex2tT on) of the cantilever relative to theCT/GB2007/004160
cantil ever nount or to the null position where no
force is acting on the tip. The AFM may beoperated in
one of two regines: constant force or constant height.
Typically the AFMis operﬁ?éﬁ under a constant force
regi me where a feedback loop is used to maintain a

orfe?été& ﬁf‘éné &‘ttﬁlb #dn%@ Sttt Wcé@yd&gﬁhpﬁe@ﬁ”pl{yﬁlcgw the

p) n response to an
A'ﬂ\éf% QRﬁ"?*GH L@F’e't moraeémhfmr@e @glmwmemla femﬂtesk lobp is used to
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contact node the tlp an
regrseade any clangerin thﬁedt?ﬂ@ﬁmrs@ \the canjliemer.of t he

interatom c interaction, as scanning proceeds. A
n.d mc node of oerat on i.s intermttent
TR ey fberattiiare fouRt miGPReFRoN, Ha contact mode
the ﬁnandi eamp!eabmamn roﬁjs@rb@htacf i, eCIiHQlﬁlél bepaiRiveltaginid & thé obe
Int%% pl l%te tss t he, sar%‘? face for a very snall
tafpic ??sa GERing pf es%r SATMANGYREMIE BPe of

opd;alnamus::mtm&itwnt oohtact ricde i WHIACAn SQ0&oMIREes tﬁé‘@antllever
such

t.h I
at i oson@l HaqkBniee 1 lbBiarihn U ooy EpiEebaie fapele sueoee,
forl mverg lsmaﬂ fralction ef. |§3chmaﬁorﬂpiatmc %lotllé_r Wr@hﬁt _ d%@rh%ﬁ copy
g ion tines.
onefbiin fog ot dhed e 3% Sarier Bl nstliettr 2Rp s epeed
sampimatl smlgh lasilsiwwthbeuiellntem:ﬂe OrfiéR0tdnBrcel is nbhd
re;?ﬂé‘l grent , t he probe of the m croscope is adapted such

when subject to an externally applied force, a
b|a5|ng force urges either or both of the probe tip

Re%aﬂt FVAAGEY if prebEtFoRBHY hé\ié‘l@& ta\HuEh i%s'i@%ké %i@?tlon

ter than the restoring forces arisin
%P grameigiof girrelmigregsepe dgsigred ior bigb Iseeed ﬁ@a@m@ps e.
deg'&ﬁb‘éd ih Wo Qoosloemtd qa tﬁ.@ BoflUniéf, the ?&ﬁfbf%ém%&ope is

e h m)re C than wth a conventi onal
adgéisﬂ ﬁ@“%f JyenHub P@%ﬂ“ﬁ@é@fﬁ%é@ farep Achipsing foree
urgeslEiiher dicbdtin 6f e Prols i ahd'g saPBRASWEIE ca¥h bihePYRA a

magnitude greater than the restoring forces which arising from displacement of
the probe tip as it probes the sample. This, in turn, enables the probe to scan a
sample surface much more quickly than with a conventional scanning probe
microscope.

Recent developments have sought to increase scanning speeds but, with ever
increasing scanning speeds, each probe tip needs to be replaced at ever shorter
time intervals as a result of wear, contamination or damage etc. Further
improvements in microscope efficiency are therefore limited by the time required
to replace worn or damaged probes or to swap between different types of probe.

One method of speeding up scanning rates involves the use of arrays of probes
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i ncreasi ng scanni ng speeds, each probe tip needs to be
replaced at ever shorter tinme intervals as a result of

woe@Bs/0sxont am nati on or damage etc. Further PCT/GB2007/004160

i nprovenents in mcroscope efficiency are therefore
limted by the tinme required to replace worn or
damaged probes or to swap Betvveen different types of
probe. One nmethod of speedng up scanning rates

i nvol ves the use of arrays of probesto scan over

tolseaf Bvara Bl e SdhplesBriadctated %ﬁ\ﬂlttaﬁ BERY3! E’xarllr:%@é“@J tﬁé é of

t he use of probe arraé%s) in this manner can oun

preke grrayssindlis manmeeanbe igund i85 6,428:96andW8be arr ays
20041256852 b’l/\ﬁulét%ir&% aaysf rﬁ%ﬁt EfRSlatder Rerfacresd tobe

si mul t aneousl y he sane del ays are experienced
scapeed,Figtylianapuisly. tf@ wee ‘éttlmesoa,fa experianced whes tigs probes
ne®das BeheplaEahe M croscope is described in which probes

may be exchanged or replaced by the automation of

t hese procedures Thus, the probe nount of the
IndS:5,365,8p4 ai stapnipg paibesnlci'oanmmlg deeeritedtih @hich$robes may

| { t
o Age STBRRPT B nbiaier omitaRG il T, the
probetnioliet/efithe nﬂdresz:op@ﬂr&:ormaws dwaipurcgaﬂbahfmaf isRicfeesd
s. t he, .pl ace
g Sk Al o s S LB gRh R S S ol
individval edntilaverprobesc ridedodieidaaltaatilegerpestiesadre tsEﬁethmﬂé e
t he hol der

T Rl
prefyesis derbe Mamted in thiSTRDEsHope 568 aRgranent i thegobe oloant with
5435 SR WA LA R ORI
pr@hmderteqetlomyému cally transferring the probes

i ndi vidual ly between the probe hol der and t he probe

noun qguirin d| spl acenent. of the sanple
Algfa i Qﬁ%ﬁgﬂ%%ﬁ%f P s arhadhro bR Micgos9Be & 49956k e whise
indludesappariis fon sﬁflﬁg aiphiality of inGRIdaAI ﬁ?béﬁiﬁ%t hdl’d’értdna|fct3rh
untin robes in the

d) f
aufieRBh SahsTerrod FrefpBa odioh iy trtecen i drebearer anda
thec propk exouny withoutirequitrsy gisplaéement of the sample.

Whilst the prior art referred to above offers some improvement in efficiency,
through at least partial automation of the procedure for mounting probes in the
microscope; the prior art solutions involve additional complexity to the designh of
the microscope and the probe mount in particular, which is undesirable.

The present invention therefore seeks to provide an improved probe adapted for
use in a scanning probe microscope which enables individual repiacement
probes, being the same as or different to the probe being replaced, to be aligned
with the detection system of the microscope extremely rapidly.



10

15

20

25

30

the m croscope and the probe nmount in particular,
whi ch is undesirable. The present invention therefore
W@ e@R®51207 provi de an i nproved probe adapted foPCTIE82(0M/004160
a scanni ng probe m croscope which enabl es indivi dua
repl acenent probes, being the same as or different to
the probe being replaced, 4L to be aligned with the
detection system of the m'croscope extrenely
rapi dly. The present invention therefore provides a

Thé’ﬁ:%@@nﬁﬁ»‘?eﬁ‘m@h Yhé‘réfforélﬁ@vid@s a pims@mbmfabesenncz sEmane,

robe assenb rising.,a carr

probp gHiBPREgPes IO 2SErRUY SeMUiUIsLe cosE e A drst s eIy

of & |éés@ tﬁr@é\brdb‘ésl éé‘cﬂt;ﬁsb@ﬁlam fi that I8dbcated oarIknd that ise

plurality robe tips and that is noyeahle fromthis
corpman o meavl&r@{l&rqf pibe tips g that PﬁemBY%?&é%%‘A'P‘BL'S plane

cha?H&?ﬁ?&it ih thétXhé pRBES aAd smﬂ:@ténhél%déﬁti@am’ﬁi thealsse@mbly

R

forﬁ‘&aﬁ\/éﬁb@éméd‘t vitth re8sect ﬁi@l’rﬁgﬂy 6fithé Femagiinadrast the probes.
Preferably, the probe assendbly also includes a second
plurality of at |east three substantially identical

PrdtE@BRS thel proBél dédenttily alsbtchdids esebow praslity ofa ldast three
arra@ﬂed to sel ect oneg‘g b%”q%i( m t he flrst urality
substentis¥ly Kletica! Bbes, dni %} Bhes of
arrhh@eoﬁt%%l&]; Bltwﬁ bﬁtifbbtfwtnml)e finst pajrdlt)f faﬁxl/eﬂcbné piobe dfonpsexoad
hose o irs ur
phgsl- 8 PGDRB A e cagnd Rilely ciding # Gt ol argrobe to
thds8 R & firstsudaityeach probe. I n one enbodi nent, the

respective electrical connections can i ncl ude means

for applying an electrical potential between the probe
Ideilly, the BEdRESIng ntzins edmprises raspddtive eleatviodi gopnectiongdo

b - .
cablyBRbes i e EkB P s Rop SRR Aec R ARFRLARE can®
indiieaneats fopapeying dntetectrival patentiatbetweer thecprobe and a
rer@%oeg%;@%? fllgé%cﬁﬁ%d %ﬁ&&:ﬂ&m Oﬂrbﬁ@ﬁcﬁﬁégna redlidd" t her

|nclu es 'a resilient supporting
suppatingbhearhaad doiladdressing meanssfudherineludes pieze-elgsticone

it coffiGed AR rnoBfeSliclicd BBlcEor Rr bBRAAYRRPT L1 N0

ron
supporting beam. In further embodlment each probe includes a resilient

supporting beam and the addressing means comprises at least one additional
layer of material applied to the supporting beam, the additional layer being
formed from a material that is different from that of the supporting beam, thereby
forming a multilayered structure comprising of at least two layers with differing
thermal expansion. Preferably the multilayered material is heated by means of a
respective resistive heater or a remote light source.

The probe assembly can further comprise a unitary substrate on which said
probes are provided, the unitary substrate being mounted on the carrier.
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formed froma material that is different fromthat of
the supporting beam thereby formng a nultil ayered

W@ R0sos2IEe conprising of at |east two | ayers waTtiGB2007/004160

differing thermal expansion. Preferably the
multilayered material is heated by neans of a
respective resistive heater or a renote |ight source.
The probe assenbly can fO®Ther conprise a unitary
substrate on which said probes are provided, the

unit a ' & i
ARl S0P Sl BroBy R RS FéspBujeMiipiate by which tre,
probe $pmotnted cadbs tarmiee by whi ch the probe is mounted on

the carrier. Preferably, the plurality of at |east

three probes are probes of a type selected fromthe
Prdferablyyiheglugaiity pf of lepstdbreetpyphes:are prabes of adyke salented

dypapi.c node , j X
frof e g o 8F o0t Wi, 4ot HUBK A ByndthiRfoce
probesparttithograpby [pooksd; pratgrastaptedfacthe negasuresaentof fi el ds;
rqbe a t . [ - fi-al ' N
caliclifes B e HonRE 6] paGAk: drfl or BIGERYGRAY probe
adspted o5 optical ngaridld eviemscapypstandard asperct safigi nrpbei high | s

desi . {4 e probes to have a tip
as%c? l:]art'gtarrgba% ’8%0%%‘5 H@S’?@a‘%‘ﬁé}gmggo r%glg nm or | ess.
Preferably, at |east one of the probes has a spring
Afty i Q8 adpWwiltfa radi
in §RRE Bip QtareBETiol Jiast oM of e OtfePOTRTS B P radis
of cureatarenafdiOfenm or lese. Eraferably, atdeast epe ohtlie RiRpsshas a

sp@ﬁ Jr:JHs%t o Ie\%ﬁ i, PRAS e REb YR drfrded Bubdiantially

Ier and erei n probes 'are nounted al ong one or
parafielewithf onen@natigrer nal edges. Preferably, at |east one

first probe and at | east one second probe are provided

on respective opposing internal edges of th ro
In SUppDEGITE NS PHPENSS BRIl apes R T RAt AL PR S

exgéﬂgiﬁatthﬂoﬁéﬁihepéﬁﬂé%ﬂ%&éiﬁ hfolfsRrhre WRiunG Aerfloms drer

that“their tips_ are arranged [n a |ine.
mave o tedleynal RO ARSI A Pt GRs P! ke ABd AL leptone
seBordSBPE Ble SYovidBE ofidesperiivd GppBRInGtinteMmaheddes af sieoprbe
The means for attachnent np% coggrlge rrea}ns f or
support. Furthermore, said at least one first probe and at least one second probe

can overlap each other such that their tips are arranged in a line.

Preferably the carrier further comprises means for attachment of the carrier to
mount on a microscope. The means for attachment may comprise means for

storing information for each probe. In addition, the means for attachment may
also include a multiplexer for selecting a probe.

in one embodiment, the probe tips are substantially evenly spread within the
common plane. Alternatively, at least two probes may be differently spaced
within the common plane, in comparison with the remainder of the probes.
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storing information for each probe. In addition, the
means for attachnent may al so include a nultipl exer
wo e008esd2¢rt i ng a probe. I n one enbodi ment, theP@r/GB2007/004160
tips are substantially evenly spread within the conmon
pl ane. Alternatively, at |least two probes may be
differently spaced within the comon plane, in
conmpari son with the remnai st of the probes. I n anot her
enbodi nent a probe is provided on a first probe
InSaHBr lenfddinderit ’ | !
DS Suppor T E e et A i B lnbot 856 Sppend
PP & Pravided gp grecpnd prbeisypparkary thal speeing betwsen, the tips of

thefifltemdEBYoriAMBbas BAREH.NAItdRakvelys tr?é%r#g%?mag h}% glt n

the conmmon plane. In a further enbodi

SResing that i diatablegwithintfiecommaen plane.r st probe support
and a second bank of probes is provided on a second

prfobe ;J{ggor_t and the spacing between the tips of the
Ingg fugthergrabadimenty a figst lbank ef pigbessis pvvidedronea Brshprope at

suppafian@ese@bnd BanK b prbbNd pm%rgef Shnd 3:5’% dubport and

i ncl udes an a% ust abl e spacer fo terin
[

the spaging Betwsen thetipsyaf theyirst ard $pcepd benksiis aditistatde.| east
Prefteathly & ledatbie oftHe Atst bﬁ&§écd?ﬂepr§§§§\5ﬁopé THCTGRY dRe

rovided on_respective opposin es of respective
adjief ¥

1g ed
e sprres fr sitaring thedelatiyapesition qf the wwosprebe suppdnts. At

ledstiont fibnthahieand gt leastione EBYorVEdHkaRaFRE Pto‘?Hé@ lonSESHkctive
s _are arranged in a |line.

t hat tge rfobe tl,g N _
onBPEing edapS of Tespertiva fifet Aad Feroaderobs SUPPaTtanE thisicsrei tbe

firstamasectod bintksohd\edvepiap kach ather SN AS Erdﬂeﬁ'wis%ré ai d
t he ot her probe

bank . is |.ocate lane in common with
artaEd rfe L P @ierRbil e tars o IReriPd B ALRBABOHIGR 1S common
to ttddotheshangs naraheachl protse 1y fsaid IBshkas R EiedR lahd B common
o sel ect at | east one

. Sj ans_is adapted ¢ )
W'@gtﬁé Ser BropedPe s Ag bark sachbaRK hadnrespediivg addlessingy
megnst he apeefaired Emboﬂigtelmathgrambféﬁssghgtmééhsti@ ﬁ?éﬁ%@fd %ﬂ%ct at

r_adapted.to sel ect one .of .t he probes

e e bR oL ARV mBERRE Bith Fesiiet G MalpuRat i auepteinder
of thesprebes nat in the seigoted bankpand fuetheeadsptstito sefect bee Bf BBES

it robe bej ng the prohe in the
prés i B bsct AP b 6F g MNP AL fesheds o malority
of thej remiaindenf thia erotesen thixdyankf the selected probe being the probe in
the selected bank that is moved furthest from said majority of the remainder of
the probes not in the selected bank.

Preferably, the common plane is substantially parallel to the sample stage.

The present invention further provides a scanning probe microscopy apparatus
comprising a sample stage; a mount; a detection system and a probe assembly
as described herein attached to the mount. The microscope may also include
means for aligning the selected probe with the detection system. This enables
automated replacement of a probe with another in the assembly, which is
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the probes not in the selected bank. Preferably, the
comon plane is substantially parallel to the sanple

W@ e@ges32The present invention further provi desPEr/GB2007/004160
scanni ng probe m croscopy apparatus conprising a
sanpl e stage; a nount; a detection systemand a probe
assenmbly as described herein attached to the nount.
The microscope may al so i ndlude neans for aligning the
sel ected probe with the detection system This enables

o) w th anat her i
assgd;%wg i ERh B EESndlotd Bl X8l B Prtsdr wch
dtr@bed%ﬁ@t@@elrenlacem times in cases for V\,hl ch the
probe needs to be replaced. In another aspect, the
present i nvention provides a nmethod of studying a

Ingxietes aspeqtatbe prrsentjindentivampnovides memomaﬂstwgmﬁ sample
t t
SHcp Wi PP PoRh LB R b SR B A o
dqtﬁ@nogas,ygte@ hemethed qon@ngmgmhra stgppob beunting 8 sampk; on the
I

SAE Bl o8 iy 508D rieroSbre RBLIES, hE Agembly, &5
desicpbrdsherging iLibe scarning piobe Migrosaipet hddraskingsmeodr porbes
prb@e%V&ugé' ?h@ﬂ‘)rob@ﬁ §gf(;ﬂs19 egﬁk?dr b@és {e Vrgg\éeo?%%g the .

C‘{i’gﬂ‘n‘g"l‘ Biagé ég‘a?ﬁtoég%fﬁmaﬁ@dﬁf lpéthepnpbes and thereby selectmg one
orﬁﬁ&btdrﬁlﬁéé’iﬂr Jséﬁhnﬁ@' tﬁ&%&ﬂ IBrs‘BFfﬁée ?3%05 H@ a%?g cfed %rﬁbﬁ%

surface ni ECtI on stem SCa
oVEF HigSamnle 5%%#;9@609% thpdetstion system of thelscobmitg prasiecs

MIBRIBEHI5E Wl tHeCdrt brtRoSReRIERI prbisd
ei\ﬁl ec@éd probes and t he sanplre Ssﬁ‘??@%rén?g &gé%nom‘{mrl ng

gen e pne ok mare splecisr Prehesiapddng sayppls sudace; and
mobritoBing e »@@pwmdd"ofttm@oﬁ@amh&elﬁbts& tbh@ u%‘a%ﬁéd RMth the

rocess may_be repeated

el iofhg fHetBiE &Y S ! Thi RIDSRSS Manee [epeaisdonisen of
altetriatperealocint 6f préte(sieindahé pmcéyss@fengnmnmtmwe?&ueﬁt

| | h [
Syg%h\/;éai'lpgﬁgfryegto&ﬁgﬁtc’m%ﬁ% Yni crozgoggaglf C;’iheytyge

suitable for use with the inproved probe of the
FigUire 9 &4hows N¥ciHekiafBally, a conventional atomic force microscope of the

type suitable for use with the improved probe of the present invention;

Figure 2 illustrates a first embodiment of a probe assembly for use in scanning
probe microscopy in accordance with the present invention;

Figure 3 iliustrates an alternative embodiment of a probe assembly for use in
scanning probe microscopy in accordance with the present invention;

Figure 4 illustrates the structure of the cantilevers of two probes on a probe
assembly in accordance with the present invention; and

Figures 5a, 5b, 5¢ and 5d illustrate four alternative embodiments of a probe



10

15

20

25

Figure 2 illustrates a first enbodi ment of a probe
assenbly for use in scanning probe m croscopy in

waewsnsinte with the present invention; Fi gur ePGI/GB2007/004160
illustrates an alternative enbodi nent of a probe
assenbly for use in scanning probe mcroscopy in
accordance with the present invention; Figure 4
illustrates the structure Bf the cantilevers of two
probes on a probe assenbly in accordance with the

asBEMBRNH ab&}féﬁr‘ide%th RBPrédeftnGenti, SP, Sc and 5d
ilTustrate four alternative enbodi ments of a probe~" L
~ assenbly in accordance with the present invention.

Amatoancomce fizraszope (ARM); ma(dhcgénbrml Wt b igestetad ihy

-Figlfs 3 s erieironla bf @i & AmBaF oo spistche Thomuce probe

of tﬁneprpsexﬁemtentmw eHbwever, itiawe berundeistdcy tPQtdthé pr%s%ﬁf st ood
t n nmte is
inlsifon 5ot ARG R i< el e B arM. s e prosent
mvetmuesmts suitable femusteadﬂnlerdglsawltuseagﬂng?bajﬂeyn‘wdsboﬁé‘saﬁlm&@h
t Ci ns na
sB&AE FoBlaR RALBs aRus ) Bl Spanide; PRl ot s whn
AFMs bdatpféd;twsbaptﬂwsurtacaaﬁm ;‘ehﬁcw\dnétgﬁﬁaféf lm’rbrdtelj to aid thg
] r.to aid,t ocation an
oG BG S RCatB oF etk {1 Herds olaM dpOkey o t 001 )
The AFM apparatus generally conprises a sanple stage

Thb'AFtl\hl ﬁpﬂ‘)&bfﬁs@‘enérdﬂy %Iﬁpﬂgesaéj%ﬁg g‘e@;e ify 46 #Fm Bf 5?(5&% %2

r obe ( describ greater

ade@ﬁsm er?gsaama'aﬁﬁ ] ev»@ne 1§dwawa '%dﬁ%qlilbﬁ%t"r greaisr detail
h&Omg AshndileVat ALANS néﬁt’&ﬁélﬂb a?obfecﬂp plif '%h& Qrde'f&trbﬁ e

the cantil ever relative it

Syscfiﬁ'é‘ %of%h{m&fm@'wethﬁ Setertiop PEthﬁ qanwevm@ r&laﬂaq tcu@ r@punt

Thetpbmbﬂm r@no&@ﬁmmpczo tka%SeSraamé d#lciufv%&ﬁélbf $OGHRS oPBSS and
es of (0] di fferent t pes o

R 268 2B ShARRRE! dBITERS STplokE o giierant pes i scanning

or Inﬂﬁgymuéctm”m fmrrmg d @aﬂ&meinmsﬁloh%ﬁ&ewdémd%%%érﬂhe
he relative deflection

f
rp (R it 58 eSS S Mreyrslative Hatipcdian oy Boight 4 e
cantiteves 4874 mdtwmmmwtneryémmopbg@pay Bn@thet di@ngth of the

interaction force.

The probe 16 is mounted on position control apparatus 26, for example a
piezoelectric transducer, and a coarse driving means 27. The possition control
apparatus 26 is used to drive the probe 16 in three dimensions: x, y and z
directions. As is conventional in the field, the z axis of a Cartesian coordinate
system will be taken to be that perpendicular to a plane occupied by the sample
14. That is, the interaction force is dependent both on the xy position of the
probe 16 over the sample 14 (the pixel it is imaging), and also on its height above
it.

In use, the coarse driving means 27 is used to position the probe relative to the
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interaction force. The probe 16 is nmounted on position
control apparatus 26, for exanple a piezoelectric

wao ea@sssizeer, and a coarse driving nmeans 27. ThBCT/GB2007/004160
position control apparatus 26 is used to drive the
probe 16 in three dinmensions: x, y and z directions.
As is conventional in the field, the z axis of a
Cartesian coordinate syst@mwi || be taken to be that
per pendi cul ar to a pl ane occupied by the sanple 14.

b2 0 B 13 i B SRR g
so (hbh&nerdeﬂebtmrtoflthae protigican e momitorgids &ingnheight amdii@'ﬂql start
{

posipsitmg S AtE Hn B I eleteleBl sTBEAFaZ douslrtS B
deﬂb&tugebﬁltge psotst thaPa ressilt af themeobent- samphenibmtloofor@‘%e

e c e

onf ecistiad Rl & nEREHET e Eh Reflfe deialbBRE AR

caranhves isnestatlisbed: tlnehpmberaa@ sdanhed oyerdhe ew@a,qeu qf thessanrlen
14 8?'"? as%és?tgont&%trgﬁpqu%uéj% Qhidt e ?%@l?(:défﬁecﬁén grresult

eraction Once
deftbztion eorréctioslof tie probeisanaeritored anddcr rmd%hwe detectlon

S %g%g%ctl on of the probe cantilever is established, the
y € 16 is scanned over the surface of the sanple 14

usi ng the position control apparatus 26 whilst the
In BRLRM, afordéﬁcsb%t'éf@ﬂén@é w@ﬁdlepwbenea@muewateon Iofigures 2, 3

b to t.h
G et
mu§1réteh eTﬁé @hmelafssemblyld1uwhrcaﬁse¢ferrau tBihgeaie as 3, prébeabiscut,

na p ugALy P paNeBhprobes i molioBa PR AR kit Eawe

2). 3As th&hdlhldual prreﬁey 3Zaretnoouméadcoma asitary pnbdieatd 83,dhe spatial

poslfonsiorpach 2t iofrBbes St i e AtoRE o o TRH N Bl °

com'fdllbdﬁuﬁag &rbelcattumtm substeate 3B sy iy tus isourdedorBa, catriqae
t oSl t of the probes relative to
£SFB-A R edRPob I AEar e bl

y accurately controlled during
fabrlcatlon. The substrate 33 is, in turn, nounted on

The cSiler B&lincludes means for securing the carrier 34 to the probe mount (not
shown) of the microscopy apparatus, for example mounting pins 35 or other

conventional means.

The carrier 34 further includes addressing means 36, in this embodiment in the
form of electrical connections, which provide an individual connection for each
probe 32 to an external power supply (not shown). In the case of Figure 2, each
of the power connections 36 may be individually connected to the external power
supply. However, as shown in Figure 3, for larger numbers of probes., the
individual power connections 36 may, optionally, communicate with a muitiplexer
37 which is adapted to selectively connect individual power connections 36 to the
external power supply 38. Whilst each probe 32 is provided with a respective
electrical connection 36, the tip 20 of the probe is isolated from the connection 36
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34, which is common to all of the probes. The carrier
34 includes neans for securing the carrier 34 to the
w@e@besrount (not shown) of the m croscopy appBCEHGB2(07/004160
for exanple nmounting pins 35 or other conventiona
means. The carrier 34 further includes addressing
means 36, in this enbodinment in the formof electrical
connections, which provi @d0m individual connection
for each probe 32 to an external power supply (not
h of the power
to %ﬂﬂ)ﬁg(}:ﬁtk%jgga@f@'gg&?ﬁ?ﬂ 50!221 e)%/égonnect ed to the
ext ernal power supply However, as shown in Flgure 3,

In fnyameameé embohipicht of qufw&&he tnhﬁ«.du%ﬂpeébééiet aRP
comuni cate wt

t 36 na t
Provied o %E%?’ %‘?’e\/a#éﬁaﬂg?%%&bt%’&hﬁeb%tat%meinmqg @@Wﬁ@et
onlthéiwmdunlcanma Wmﬁﬁmbl prétesHie hounhey aﬂdﬁgeéﬁ‘@kteﬁ%Y\’er

ed B@% é\p %robe 32 is provid

BEBPlt cRier SR FlonEss. BN be SEBRINHE CosRok HiBuTe® At bre

capreatae mdy mémﬂe’ibr@ori M6F8 1618 30qBIF6he elat %ﬁith%trsﬂalﬂtlﬁ fhg}dﬂ@t
e.lnter ect ed

3.4k o8 B Heine ToBitst plomeyte Bmaliadges Attherstatel This
is purﬁ&w@rly&&e&ﬂ ehesclargur ouhbers &rpr@bdseair@ RfVbivES. H&ﬁ% R ©

each, substrate, t mount ed on t
Probds A3 P AFRRGR 1 Pre-yiRferine RBaUA BSOS 8 aiye i b8 aing
34aindeaba¢meﬂ1eledg'm sibtstnhay, ©REdUred, basbf bRy Eh&bd #hdarel g4may
the carrier

se  of Fi e 3.1
rodiiis 8 B th vl T et gracs fpdone iyl michs e <
mduntedst rated in Figure 3), with the probes 32 being
nount ed al ong the internal edges of the slots. This is

articularly useful where |arger nunbers of probes are
Withvihe prrangement&f pipbes 32 qorthe escbebisouls 3rillusirgted in Fig. 3,

cabif SppkairRy fﬂnﬂﬂ Brobeat i, é"prd%é%grri %sﬁ@%ﬁés"cﬁ tﬁepslB{@ are at

carrier 34 and to each oth
supRigIeRianiANgisS, benthe fapof Hheir angtesvéthreseert éﬁhth? sapple
plafs Bvigde Tlﬂ!; A5S EHe é?f&%f th@ pldbes %n%ﬁ?élﬁg bgée&“% éhé)EISFﬁéé

t he arrangenent "0

rorgp g mgec ot ko the pelseliondatenniniiigrors drections. Hence,

with the probe biscuit 31 of Fig. 3 the detection system preferably includes
collection means for collecting reflected light from probes on both sides of the slot

39. For example, the collection system may be repositionable or may include
additional optical elements specific to the collection of light reflected from probes
on one side of the slot. Alternatively, the scanning microscopy apparatus may be
adapted to comprise two detection systems, one for each side of the slot.

Although the probe biscuits of Figures 2 and 3 are generally rectangular it should
be understood that the carrier 34 may be of any shape suitable for mounting in
the microscopy apparatus. Moreover, in the Figure 3 embodiment it is not
necessary to mount the opposing pair of probes at supplementary angles, this is
merely a convenient arrangement. Similarly the configuration of the electrical
connections 36 are not intended to be limited to the configurations illustrated
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30

each opposing pair of probes, i.e. probes on opposite
edges of the slot 39, are at suppl enentary angl es,
w0 2@8/0532¢7 sum of their angles with respect to PEEGB2007/004160
sanple plate is 180. This has the effect of the probes
on opposi ng edges of the slot 39 reflecting incident
l'ight fromthe detection ‘ysten1|n di fferent
directions. Hence, with tHd probe biscuit 3 1 of Fig.
3 the detection system preferably includes collection
ans for collecting reflected |ight from probes on
both sides of the slot 39. For exanple, the collection
system may be repositionable or may include additiona
j f
AT o FoqEatt Suathig tho Brok8 Hu W8 HeifbhaPop apperatis
may becamueanventional meass: apreferyediembosiongnt (eqtshowh)isasthy

calr R R iR TR gt i SR o S0 P B SR Ferofy
therpighpes The haesing igelf igtheprashapipdrte be amaukedt oni theshiordsdoriye
aPHé‘r%ﬁfsS\XnﬂP?in td?@n%eut?{gﬁ: t&ﬁfsftabﬁ% e%4 udBY TRS h8usnﬁ}¥ncl§?ﬁ§ a

suitabl e m croscopy
coxgfrane/@r base thahearrhe moved oerepmyedtm expaseitise probes to both

th@f&ﬁﬁé ahy tﬁé’dé@«’:’t% sé/ef%rrﬁ ﬂpﬁ%ggl%tlgﬁ‘ :fcfr ugb. Pf)lotpmgsba%% in

g enment ary ang a conveni e
Whéﬁhrt A HeUsERg mc@ﬂm a@pvgr aridea base myge &an ba nufvettoe removed

se‘é’érﬁféw baBhetheN "Sel doRBPamfs GHoash Q% ?r i eg r Féin&fed prior

mted to the configurations 1l herein.
1o MOUREZ asrrariAf e mpupting praeessn dlawevep itdd prefitrablaithatitbe

covdr@andi/oF eégé)@aé AR G t
maarr;s a preferred enb%ﬁ?&na? rﬁﬁlﬂoﬁﬂ%ﬁ@ He%ﬂ ounted,

so that the hausing regaingi dlosed ta pratest thayprahes durmdhe arsptmtmg
procesd.r i dge or cassette, to protect the probes. The
housing itself is then adapted to be nounted on the
m croscopy apparatus with the probe biscuit positioned

In &duitionste.pratBetidhOthel Hitising &k @ﬁs% ési%?\‘n%ﬂlgﬁtﬂgnt/ of‘tﬁ B2BE
can be nov ved to exgé/)set e es to

W"b@i%mt“ﬁ%scgaﬁﬁ}'séefan%?rii@ IBRUt ragy §?%mte'mosmoned
w.tpmemhaJsmgwsdoonhatsmn@orocam dfaﬁ@hd:usmmh%l‘se& Besifién!si ng

clu a base, e can be noved or
eI R iBGReThy 855, Srodiies truhe Thelonibe ancrangone ybtem
poditirs thabisbeit, mbleast approxiimatesd rétidydér use.

Moreover, the housing may also be used to store a chip containing calibration or
other information about individual probes or about the assembly itself. As
described in more detail below, such information can be used for automated
realignment of the biscuit to select a replacement probe. The chip may also be
used to monitor usage of each probe and updated as an individual probe is used.
Such information may be exploited to limit probe usage, for example to a number
of scans for which the probe is expected to function to a required specification.

The probe biscuit 31 functions as a repository of individual probes 32 for use in
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to nounting or as part of the nounting process.

However, it is preferable that the cover and / or base
wae@sosszet or renoved after the housing has beRCI/GB2007/004160

nount ed, so that the housing renmains closed to protect

t he probes during the nounting process. In addition to

protection, the housing can also assist in alignnent

of the probe with the nmicttdscope system The probe

bi scuit may be accurately positioned within the

h th Il i i i
sl el TN R ALl BB BH b,
bls%l_r it Sh@rtel USIeta)slrmgtsTbeusly .Cinstead tbe pyctiesB2nmwea ptabasbisobﬁ are

i scui a
selRpSE nedtis T2 b REIRK IBE 38 rof Sl BliabiPsr i
Sel@@tﬁﬁras Ipeﬁ’lgmomi h)blbwmlnmtrmrchosdare probefoo prabies sn aslio btmg the
robes, o
propBr Prabes inth cnpeet i ot b e SEREE Y e Ao oY,
raisheg aib enise‘iéutechplbbesat Hdncee alheg nnamml?]qsfare lselebieddbeé prabe tlg
o BB S o Bons R Ao P
probgsg iis/éelbtﬁéd c: m?hﬁbfapsséeithesummem«rm probes ar athynsetected
t |

profRges el o oV buPGaRe cHARER nid oA fio rdiméinger of

thefprabés.on to a required specification. The probe
biscuit 3 1 functions as a repository of indi vi dual
probes 32 for use inscannig&e&robe m._cr osco S

Togpableprebasaiedtinn: a lower glectrede (Hobshawn) mayRe
be.‘%a’iﬁ Hd sa%ple a4 i ss p:%befy bR @ﬁ@l%lﬁﬁolbe bigai em@u bbimg

pr obes on a probe biscuit a% &ﬁe\)__(ed b maans of
adipted falen §@§‘Ftﬁ§ thfumeions Sacopd BlestrpoR IAGEPTYIE0RT
lndﬂfldl}é%ne Sethe gﬁm 32Ss E?Iéét@ﬁ 159 Gip plying@\edtenttal Hiffererhes en

be or propes so,as e
T R Segirode. SEneR B B dds Hid e a5t fote 32,
Th&&gaﬂb%tesvén b&rabﬁ!e&bf@ vetith g@ee tma%bteu plhbef32+tbe berd f
pro ect e ro 0

towaie BreJper Aecieridhye owords e RapPi 4. Tt and Bk 6,
whigh'tRe @Eaﬁd’ﬁg [probd eicroscopeli®beiag usédfor praddydéndpeptiomy the

i ther th sel cte unsel ect ed probes
wagqrétsglr; ﬁ%éid %ﬁ?‘{‘ggﬁ"t’ﬁl‘e"%ﬁ%n plane relative to

t he renai nder of

As illustrated in Figure 3, an upper electrode 40 (indicated in dotted lines) may be
provided over the probe biscuit 31, on the opposite side of the biscuit to the
sample 14. Where a vertical detection system is being used in the microscopy
apparatus, the upper electrode may be in the form of a glass layer which is
coated with an electrically conductive material, for example TiO,, so as to ensure
transmission of light to and from the probes 32, across the glass layer and its
coating. Of course, if a non-vertical optical detection system or a non-optical
detection system is employed in the microscopy apparatus then the need for the
upper electrode to be light transmissive is removed. In this case by applying a
electrical potential between the probes and the coating of the upper electrode 40,
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the probes. To enable probe selection, a | ower
el ectrode (not shown) nay be arranged beneath the

wG@a09ps3212 with the probes 32 on the probe bi seCi/GB3001/004160

all being adapted to be selected to function as second

el ectrodes. For exanple, an individual one of the

probes 32 is selected by applying a potentia

di fference between the | W™ el ectrode, beneath the

sanple 14, and the sel ected probe 32. This generates
tnProes ia A5ael Tewahd, e ieaf Blekhfuc 6,86 88 oy e
safple HhnPhasefore, inrthis embodiment tha elgctrishl potentiat isariplied to all

of HePr6bdd &Ec;é?%@%eie%téaedrgge H,s&gb%gr waf er inspection,

t he waf er sel f may be enployed as the | ower
el ectrode. As illustrated in Figure 3, an upper

In ekiehet émgiﬁiilﬁﬁn( 'bgtﬂli tﬁélcﬁﬁbrl)e!écﬂ'@él% B?édtﬁﬁ@sd{@e bg and tthe
rovi ded, oyer e probe bjscui 1, on.the opposite
upBfrepledlfotembole likprBbe BRewk 3L disaravidad."Wibrtas aponiment
thedlevectliectioduyis tefsttrically ebrit@ctégie Scross & Eew_a'r §L{;%Eﬁ ?Pﬂ‘\e upper

e l1n e ormao a

th | ect r od _
ol BEE 3 25 enolips AR pleckaTRaRetR o tpechsihlihedapss the
sampleducandipercatrizr Bal ByfapplyfigedrodiectitdPpotentialas sggc@as ure
es

tra j ssion_of,. li.ght .t nd. fromthe prob ,
probep (r@gl“{ f&ags gﬁ@ew%\gvuailﬁ%cﬂ@f CPRECHRs 38 ope r Hare j 1
prabes @an be rcbust(a;d tocpb\?e:'@bvatﬂst@@&avﬁroﬁy?kﬂmar@lf eléctrode and
- [ tection sysfemis enployed in the .
38385 oF Fwal ToC e 3orRin £ . teeBnds Shone ssgirca
potehtialtapplied therdde | i ght transmi ssive is renoved. In this
case by applying a electrical potential between the

robes and the coating of the upper electrode 40,the
A fBF*aﬁf&temqﬂve swolyes thedisef rematesldiassingpeansdpregenenating
a pléssartigragi I ce.qn | '
1S BioA A HisBEL D 3efBleR otk p 589 Bloir o Roitga
or g op fie shiefted ProbesJe cpuse the selected qﬂﬁalaﬁfeto(sfeﬂmté%@ﬂs the
spétirhbn.r d enbodi nent, both the | ower el ectrode beneath
the sanple 14 and the upper el ectrode above the probe
biscuit 31 are provided. Wth this enbodi nent the
To Iminigrisecthe dietdosteength rcessary taligy tieoaddressed, pralsesonst ofithe

comMBRpIaHeR the ploBe 1iPS, tHEBGSporting beam of each probe may be -
adapted to increase its surface area, for example by widening at least the base of
the supporting beam (see Fig 4), and thereby increase the force the supporting
beam experiences in the electric field arising from the applied electrical potential.
This is particularly desirable in the case of probes having high spring constant
cantilevers as typically used in dynamic mode operation.

With the probe assembly described herein, one or more of the cantilevers of the
probes may be designed to be mechanically damped and / or include a means
for the application of an external force, which is advantageous in certain imaging
techniques.
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el ectrode 40 and enabl es an el ectromagnetic field to
be established across the sanple 14 and the carrier 3

wa200Bpsappl yi ng an el ectrical potential to sel BCt/682007/004160

probes 32, by neans of the individual electrica
connections 36, one or nore probes can be caused to
nmove towards or away fromthe | ower el ectrode and thus
towards or away fromthe~sHmle 14, in dependence upon
the electrical potential applied thereto. A further
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o f g 44
coleﬁ‘ gﬁky&f%ﬁgé’lﬁ%@ Itnttﬁig fyiéypé?{hh s ulg g% | ,nlgi?/bi ) Defd: Which Y
tuawilk move espriopet Abe dayers may bé metal, silidosion gihiE:mronltrtdeeor

otﬁé?%ét@i%i@h‘%%fs Fa?'thé’ﬁitoggitt)i ffé';mﬁ ansﬁ\ﬂﬁ %qcl"”eaefcivéntage

desirable I n e case
of gifiean %rrﬂlhce)amtndwéh%t theser q;p.cgmmoyu metedals fordyotzari ¢ node

fatstRafict bi‘iﬁ’herWetthe E%eﬁfs@l‘? 4 Iaﬂ&stﬁ %&Hp h%@ii n,

one or nore of e cantl evers 0
bilavered,sign may %h?ﬁée% idividually by mepesioban Uas}stlm heater ude a

cofifstiéd fothe (dtal aBatitARbhALLBAs 86 oier’ﬁbf be ﬂlsatfee rrérﬁo‘jeé‘f‘ kgh
vantasg‘%i'sm certain i magi ng techni ques

is a
exgmplebYAnga ANEFQIR ArlaRes i W'a'y‘h sésqiésleéﬁ?é’u:ab‘gpnnecﬂons
36eh®che bmitledy actuated naterial, such as piezo-electric

material, which is provided, individually, on each

probe to enable the probes to be bent towards or away
Fof theraake of clarityl enly 4 smali nanfber ofhmobed 32anedlustratedtih Eigures

2 SShES, Aty RS RKETERN Bl oS A )
Many dNQTe iPiRPES- tﬁor e((amplnnme)ndiwduai probes may be separated from
each other from as little as a few microns up to tens of microns, or more. This
would enable hundreds of probes to be provided on a single edge of a 5 cm
probe biscuit. As illustrated in Figure 3, each probe biscuit may include a
plurality of edges further multiplying the total number of probes provided on each
probe biscuit.

With each probe biscuit 31, once one probe has been worn out or damaged, the
microscopy apparatus need only be realigned to a second probe on the same
prabe biscuit for scanning to be continued. Furthermore, time spent in
realignment of the microscopy apparatus can be kept to a minimum as each
probe on the probe biscuit has a known spatial relationship to every other probe.
This additionally means that realignment of the microscopy apparatus may be
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| ayered strip on each probe. Each layer is made of a
material with different coefficients of expansion. In
wWaQ biog/osEy7 as the strip is heated, it wll benelCT/aBR@®M004160

inturn wll nove the probe. The |ayers may be netal,
silicon or silicon nitride, or other materials that

di splay the property of differing expansivities. The
advant age of silicon or &i%8ton nitride is that these
are common materials for probe fabrication and hence
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pfqgf@mwfig; & akgm%e cletestion Systemautomaticaliyt with a Rew selextexhk e

pr&fe Gh Arliftile er a@t@hﬁxﬂ@e YR rJH%rgf‘?ﬁde @Fob?rb%% rrfégl b?asslgneg

[ ustrate ures
a unifHieddentificatinn CC@&cﬁﬁ\drrt;I spatiz) pobiion reslatmetto thel oty probes on

the B4t BRIDE BCOR Sibrocto IS YA dhaple oridifertdef tBpyrf o 87
reﬁhsmmﬁntﬁfd detgction system of theinicroneqpymapparates toTahew peabied
on @lﬁ@&lwﬁe BHBGIE §§i ﬁrei?fas QE@@@& $ﬁh@is\9 rpfc?ﬂe%o‘?\'ﬂg@u@ EQ' €

edg m pr obe biscult trate Igure
se'scteé mbeptpdb% pevarsAurcargyioequeruwberg the grderiin whish thelges

prd‘Ué%trQﬂécéMé brﬁ&tb{érrig pFéb‘étérﬁﬁn'éht 5\5&%‘5% tea nﬂ%ﬁ;‘g is possible

ovi ded on each probe bi scui
W'tBP'étd'ﬂﬁ peed for inghiduab pecbgridandifieationtsedes.wor n out or

damaged, the m croscopy appar at urs] need onl ybbeb t
L, d - e sane probe biscuj
s b8 e ol BRCRE ehoitd R o Sorap e 7 P B
different typies gh prabe vdﬁcrt are mdmdwa!lg(sp;ecmbtw%r&t %muéialtffbﬁnk ept
e bi sgui as a
o fdhl A28 Bl e B DS DRl il ol °
mogdting beswaeh gcansa rFS)r eRamplecdilfergntiypes of probe that etaybeopy

predRB IR o indTR brolt RIS onlel 1BiE PRakpuwPicuitfariho's™
lovxat«nrlgguongstaem gcegdm; gynsnsic rrmdetdmbe&tmchlydimml aslmghér
spritg' 8Bt ¥ G ¥10 N/m, typically 40 N/m and sometimes higher;
nanolithography probes having a hardened coating such as diamond; and probes
with re-entrant shaped tips specifically for use in 3D imaging In certain cases,
fabrication of the different types of probes on a single substrate 33 would be
difficult. In these circumstances, the probes may be provided on individual

substrates which are then mounted on a common carrier, as illustrated in Fig. 3.

Specifically, probe biscuit 31 may comprise a plurality of probes having different
aspect ratios and / or probes of differing sharpness which are individually
selectable. Aspect ratio and sharpness are different characteristics of a probe
that are commonly confused, and so it is worth explaining the distinction. The
sharpness of a probe is defined by the radius of curvature of the point of the
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optical imaging of the probe nmay be used in
conbi nation with pattern recognition progranmng, to
w@bkdiogishe detecti on system automatically w t hP@EI/G82007/004160

sel ected probe. In a further alternative, each probe

of the probe biscuit my be assigned a uni que
identification code and |t1s spatial position relative

to the other probes on the %ane probe biscuit stored.

Thi s woul d enabl e conputerised control of the

prosRdip. STHESHhalRr tﬁ@%dﬂﬁ&%hhﬂfhré MRé @ﬂérﬁ%r th8 %r&ﬂect? sﬁ%f)y
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different types of sanple analysis wthout the need to
renmove and repl ace the probe nounting between scans.
ThEsrwithka siogle, probé bscmnha\ﬁng)sﬁlu@éhtmfdif&réﬁt&ypdﬁf dﬁ@oe it is

b

pog%'&éltg ?ypl cal ﬁyﬂéﬂ h&“ ESB gggr gbﬁag%rﬁt ar@%ﬁ‘ flﬁf dt@ EPCESOQ
of llgnatioly ntinterestpale theo laestowerpmomad dthditayomhamw egher

' 40 s
e T e
Thisds ganiedlady benefigial betause vdih_aufmpvmnloaaldscpnmbge m_wmgdsgpy
apbﬁsﬁ'ﬁf{f St ] B3 ABRECEL AR 100 S Tacllef i an,
di , piteyibe initial scay ingvhichsthp samatedoGRiondals beba

|de9||hf éd dME& comvenl Bﬁa°1 cgﬁﬁlﬁw@%&ggi mm%%%ﬁWo%Paels%gﬁy be

rovi on |n I vi dual are
Comaw'mﬁmpbwnm prebe ibiscuit efthe prasent iaverdionnve#y gime3.
cori@sihdi cally, probe biscuit 3 1 may conprise a
plurality of probes having different aspect ratios and
/| or probes of differing sharpness which are

Aniapglicatidn & which eisbgtrﬂltuhpie pmexbhﬁg@bmsaa BroiR $U2R8 Bf
diffdfent gﬁélfagtre?gtlcscish 5 & pa lgt.lrlérsoenefs tis ln tﬁe semlu%onductor industry. In
the assessment of a semiconductor wafer where, once an area of interest has
been located using a standard probe tip, a sharper probe tip may be selected
from the same probe biscuit, to perform a slower scan of the location of interest
to provide a more detailed image of this selected area. Alternatively the area of
interest can be rescanned with a probe tip with high aspect ratio and/or a re-
entrant shape. The sharper probe provides a higher resolution measurement of
the roughness of the surface and the high aspect ratio probe tip can enter holes
and trenches in the surface of the wafer.

Alternatively, with the probe biscuit it is possible to switch between individual
probes on the probe biscuit which have been optimised for either a contact mode
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that are comonly confused, and so it is worth
explaining the distinction. The sharpness of a probe

w0 g00d@fi2ned by the radius of curvature of the POI/GB2@7/004160

t heprobe tip. The smaller the radius of curvature, the
sharper the probe tip. The aspect ratio on the other
hand is the ratio of the Iength of the probe tip to
the width of its base. ThAf~is, it is a measure of the
gradi ent as the probe tapers to the point of its tip.

or §§9@£-§(cgin8&%&~§§emﬁehc 4 %isB g\sss.sngeé swtémba?@s&h gr@sé 0s

as ec rati
used fos imaging aspmpte Mlapagndfa pfol;.e)us_ed in HaghlltBQQJél@hY ofdbato

I t g inside structure‘
Sa'\?‘\né%ﬁlﬁ%:é:i “gtggsﬁtr%&éﬁéﬂg@e&%g}?ggrgﬁtg%s provi de i nproved
resolution. Thus, with a single probe biscuit having a

AsmlﬁlbélanHreﬁf tdl 6rf>€é BB&UIf dé!ﬂ:ﬁbé’ci aboveD Qith it lddﬁ/ldﬂ!ﬂﬁl bl e
g orman initial eedrﬁwewof agng
selgplablerrspbesy enalles %tlnﬁﬁwm&f‘"ﬁ feiastall gltergptiveprabeser togng

replA@ ddinad<dBbntafated s Wi ipPobedito e inimiss. Rather than

npl
o R R eSS e B Pl b

biseEif 6f thei pésehe messtNVHIItthatGe ?ecgmau Nk réeaignmengof the
m crosco%d?gpar atus 1t can V

I
detegtion Rys} inepprole on thetxame pisgilt Fithgirgte w?
comécnillﬁﬁéii?ﬁetﬁ?dﬁlﬁ replhting wokrepriobes, Iuﬁceﬁ@lﬂty i the\/\(msttimntdﬁ (ihr:-i
e |.ocati nt i

v A R Sl 55 SR e e o s Bo L
probel Brlt§éﬁ)| Wé\@r,tésk&h@ Febtivelpositions ot)éadhh:lé thi grobes on the

I nvent1.qQn ver S | cat
S R T R TR

scans of different characteristics is of particular

Altgﬁ{éﬁ{/é En‘fb%dfn?enw@ SEAL @g&gh’ of fP!\'i;.lad W&Eédﬂ arb3h&WR in Figs.

assessnen sem con tor where, once an

5aa5!easc@nd §¢t. cFhesprobg Bispidite0 h@ﬁ:ﬁPb‘dﬂll%PfriQd“é!dﬁ?'é’rﬁ%ﬁS@Z
)ébél?n Lﬁbeﬂ@f REhitdy eﬁﬁstﬁa'té)sng %b%h'd%l) eghérom

scuit; to er orm a sl ower scan of

sut?ﬁéate &4 as.ma)wrra)fmqnmt%d ey c@wep (ngh shewn), Which igeammpate all

of HEASBbES, s '%l&ﬁhéﬁ&%@ﬁﬁﬁg rﬁéér%ré’s%ré\wéuély H@.ﬁznﬁé@a of
I nterest can be rescanned np {g hbhl gh

Altgeabivelyy theicgmien maasrbeaomlsﬁﬁh??%me ey Sibstrbte Thay

adapted for attaching to a probe mount. As the individual probes 32 are mounted

on a common, unitary substrate 61, the spatial position of each of the probes,

relative to one another, is very accurately controlled during fabrication.
®

The substrate 61 includes addressing means 62, in this embodiment in the form
of electrical connections, which provide an individual connection for each probe
32 to an external power supply (not shown). Each of the power connections 62
may be individually connected to the external power supply or for larger numbers
of probes, the individual power connections 62 may, optionally, communicate
with a multiplexer 63 which is adapted to selectively connect individual power
connections 62 to the external power supply. Whilst each probe 32 is provided
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shape. The sharper probe provides a higher resol ution

nmeasur enent of the roughness of the surface and the
whe@h/osEpect ratio probe tip can enter hol es aPdI/GB2007/004160

trenches in the surface of the wafer. Alternatively,

with the probe biscuit it is possible to switch

bet ween i ndi vi dual probes on the probe biscuit which

have been optim sed for €i'tér a contact nodeor a

dynam c node of operation. It is also possible to

withvd %Be&%%nc%l %%@txcg?@fj tﬁé’f o})f‘i?\% 88‘?°£‘ﬁ ?on%}la? from the

surface and use

cogngRtion Wffa@esurwtlnatém tip emmmsurf@e intieeactiom isenot affected.
biscuit. As will be apparent, the probe biscuit
descri bed above, wth its individually sel ectable
Regapdiess ofdhe Bieekanisma chosan foesplecting ane proe il nreference to

anaihbﬁ RS &Mt RBESss el F'ha H GM@EZ Pﬁ c?fd

wor n. probes to be mn|

P’Qheséﬁ% padly deflesied indpspansp ite s dirss rselecﬁomSIgmaJ tasp tlven zh
paftie@laP privR fFBrﬁﬂ'h% EarFkf déilBetel "ﬂﬁ'ﬁfe'%% gr%%? Qeéﬂdn é@% s

reg uired is th erealgnrrent I Oon SysS to
A“ﬁ"\‘i‘@\i@%r%ﬁ’ét sHbsehef psehas Ay ke selected rblvrp@m&b deflection

respRAYE TS 4 ARRkighRdMaESsctbnd b ?b? %am%r @eﬂ%rcﬁ‘gr?& response to

uncert ai nty I'n the position o € new prooe

a segen 8ignglo 1 anly Qugpyioke i sammen to kath sulssts.ghemthis probe
wilpes thel ahily ehe thBeis@if dene&ed, aHd tﬁ@l%foré'%%\‘;f‘eﬁ to Eobtenﬁe

re| ative positions of each of t he probes on e probe
SampP€cuit is known, this uncertai nty in sanple | ocation
can be avoided. Alternative enmbodi nents 60 of the

e e g
Fig. ag,l s:/mdtyaﬂe seenhehe33sabi Fh. Mamermﬁahgeteq rht\éy Maga@r y
strat,e subst r at €
ond HPEF &5 hob o et R Pt i o SO hepretisiz
being mummtdcbalang thefintefral édg’d%&ifl theaéldtsmhms |p8ﬁithQﬂ§ tusefulI
ans .as .previ pus ernative
whBRA0tdeP AuBBaRE BorRs 2rs P GRBRlY. B3 brabgs S2B8 1 st e
arrangede peedptestined spattal postiions relative W tﬁb SubEHM 61 ARd We
nted nitar
cadtlohl, CHE S8 WRE orGoulal PR BN ha: B amriedidnly 107

propidetirternal edges to which the individual probes are mounted.

As for previous embodiments, although the probe biscuits 60 of Figs. 5a, 5b, 5¢
and 5d are generally rectangular, it should be understood that the substrate 61
may be of any shape suitable for mounting on the microscope. Similarly, the
means for attaching the probe biscuit to the microscope may be any conventional
means and the configuration of the electrical connections 62 are not intended to
be limited to the configurations illustrated herein.

The probe biscuit 60 functions as a repository of individual probes 32 for use in
local probe instruments. 1t is not intended that all of the probes on the probe
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relative to one another, is very accurately controlled
during fabrication. The substrate 6 1 includes

w@dwsesring neans 62, in this enbodi ment in theCt/GBP000/004160

el ectrical connections, which provide an individual
connection for each probe 32 to an external power
supply (not shown). Each of the power connections 62
may be individually confe8d to the external power
supply or for larger nunbers of probes, the individual
t , feh
bl o Sl te Bl O DAY a2 T pIObE Bl
selwmémmm ofithiaddrpesirg meanmad tfergiee individyallyqs in groups.
efbiodRikife b is piohRéd BWeRhG B chdsbi® prob
As Eargé@. ﬁ‘?‘{ﬁ’w as?;!aégpg%ﬁ ve el e%?fl cgla %onnectsl oﬁro6§ or
probhe s© As tabringhibe prafiecon probesdntercentact With phelosaioae siidrre
of tﬁg s!arcﬁgﬁen Iﬁg%)?lrag?ﬁd all Gr?se‘ié&bd proRES | Iq@ﬁbes%éﬁﬁs t;])robes are

ected. Regardl| ess of

sela@ewm rrabe ﬁbgéeaq*mf theprobes isdocaied E‘r%‘ERé"'i"ﬁ“ plaeee ViRe

oné 8r ﬁ\B%t Mﬁe pidb@s %?é §4b4tem tﬁé 9%§%pé bféitHer HdYsefdctet be
vari e exanpl e, a bank probes may be g{;\rtlé
nd

propes peail @@sqlwteob@rsbﬂ% arerqaugedq tOr @9\/%@#@& thegPnypemelan
relétﬂf@q ﬂ,eo,@h{d,,fdé}gfthgrmsfrom this bank deflected
er by a second selection signal. Alternatively, a
first subset of probes may be sel ected by partial

In tﬂ@fsbﬁﬁédneﬂctbﬂnﬂﬁéiﬁﬂﬁél% i 8 n@el itd Mbp&dt 8BMIcopOGLter wafeyTdr
subset by partjal deflection in response to a sec?)g

- defgpignan th'?r aPRiiRYoT, ARIM PINRDISShAEIRAINAY SPEFA on5en

us%&ﬁbﬁaﬁléa RicPLopk Itd sém é’uh&lta?febuslpmo tiffatent egfamslof the
sagieGe: e ses shols Gomehos T ol iea B e
probégRaire cah be s&lébtéﬁrsmtﬁaﬁhéy individuglly ifiageithe ideptidabdeden
e s S5 Wifon i P oy B AP Pt
thdsklivisiifiear@ight, foingl bétdpen thie heddueerpentb efth@2wbprabgs
el G L PPk ReRoh WA SPE P BBIoRunbers of  probes ar e
invol ved. ldeally, the probes 32 are arranged in
it \«g L °§t°§'é’%r8 m%en§ a‘?‘%ﬁttﬁﬁlwhgpec' Md mor%%r&;é Vdre Belnb I?Eed the
images may be collected sequentially or simultaneously. Where simultaneous
image collection is to be performed, respective detection systems may be
provided for each probe. Alternatively, a single detection system may be used in
which case individual height measurements for one of the probes may be
interleaved with measurements recorded by the second probe and the images -
extracted by a probe controller (not shown) through appropriate synchronisation
of the probe scans and image data. The simultaneous collection of two images is
particularly advantageous as both probe height measurements are subjected to
the same noise and so the noise is cancelled out in any comparative analysis of
the true height measurements of the two probes. This is especially relevant
where the microscope is being used on a semiconductor wafer production line,
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each other. The slots may, of course, be of any shape
and are required only to provide internal edges to

wokioshsie i ndi vi dual probes are nounted. As fRPECT/GB2007/004160
previ ous enbodi ments, although the probe biscuits 60
of Figs. 5a, 5b, 5c and 5d are generally rectangul ar,
it should be understood that the substrate 6 1 may be
of any shape suitable fdfzﬂﬁunting on the m croscope.
Simlarly, the means for attaching the probe biscuit

nal neans and

du%ﬁ)ﬁ\ rﬁ%ﬁ@gﬁﬁgﬁtao ouﬁ é%tgﬁtlpgigrgﬂggnnectl ons 62 are

not intended to be I|n1ted to the configurations

In fhlelc%@é B%S?mr&?é BsEl ts-gh errPPigs beSQH %Qe §éﬁ“a?étidﬁrb? as

IVI obes or use 1 n | ocal
mdmduabpmbss B@ mamedetermmed ahfﬂbﬂPaﬂO@n dllé thergage ofthe hiscuithie

shdtlnd S{ﬁea AL & gl%%ag%ﬁa 'sEpQ“QtnﬁL@f tHe SFBb%‘s @éaéaasawyy

the I Scul
mesos e&areadjubtﬁb seifs. t the @duﬁt@%% ﬁn@caﬁéﬁmsefs@b'w or use

con’ngﬁé oy ﬁé@ellé(:trﬂ:r m @nglr\@\lﬁiwlll'%?(pgﬁd o@xj:dh gﬁﬁ HepPBRdchce on

ction i1s E orne ower 1 ng t osen Probe or
an @pplisskvaltage.s Thus, fin therase of Pidobra secenchipieBe biscwit €b 1 act

coffidefed o tﬁ+ fh%? tho‘Betbﬁ‘%uﬁ B fvf%\(’tﬁe Qfarléth@ sﬁé’d&? 6S; TRE sBYaration

ral sing sel ect ed pro es. when no probes

of thedwe oF Qbﬁt Riscuits &1pf bisan thesefere 'é%@‘l’i”ﬁ?d 2Ad tharebethe; g
se%é’rﬁ BhetivBeR a‘b‘?&%’@éh Heah&t: blééhﬁ 81 %ﬂ@ aProb® bﬁ tef sddofd

es are selected, the probe tips of either the

biscuit 6¢'taan her Ipiarlyadivated. Wik lﬂa:%@eoqimsab%f the BraPgused to

asSEGly & fHEig Oéc {RSnGiRETA PréBed’th tivBlsapangte probk bRscudRCader
ro es. In the sem conductor induy strﬁlﬂfgere

towardge ege ﬁeoﬂ‘ﬁ’s‘ﬁ@& they &ipp @blegsinasially.Qverapning. gt %’05? n
b.srcmt 81 APperiaRbhf attaRRed o HEarfiePha e Arags thelseoumd probe
aration can be used to en a% a mcr sc? Iscan
DiseH AT 1 AGORIEo ChR S PRI ot B TR O bt
sp&%’é‘r%{s H'Qlﬁéftcﬁ:f ?f@sep@ﬁeti@n%mlréspwﬁ\er probes %meadh dmim't t&/vo
i dentica ea ro rs c e .se ed so
oratieiqufiayavion eapy 5Hingdfe R Ges o BufBtobl sbacs!
g5f eature at two separate | ocations on the sane wafer.
Any differences, including those in surface height,
found between the neasurenents of the two probes
With the probe assemblies illustrated in Figs. 5a and 5c¢, the separation of the

probes may, for example, be adjusted to accommodate different feature repeats
on a semiconductor wafer. Also, although not shown, means such as additional
spacers may be provided to enable the separation of the probes to be adjusted in
either one or two dimensions in a plane substantially parallel to the surface of the
wafer or specimen.

With the arrangement of probes 32 on the probe biscuit 60 illustrated in Fig. 5d,
each opposing pair of probes, i.e. probes on opposite edges of the slot 64, are at
supplementary angles, i.e. the sum of their angles with respect to the specimen
stage is 180°. The effect of this has been described earlier in relation to Figure 3.
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enabl e efficient defect |ocation and / or

classification. It will, of course, be apparent that
wWob@Bes2Wb or nore probes are being used the | PEEB2008/404160

be coll ected sequentially or sinultaneously. Were

simul taneous image collection is to be perforned,

respective detection systfﬂs may be provided for each

probe. Alternatively, gl e detection system may be

used in which case individual height neasurenents for

one of the probes may be interleaved wth nmeasurenents

recorded by the second probe and the inmages extracted

Probg selestiorbis enhiedas rievipurly desesberd- MReRANFBARA Blsiodee
for §¥IQ gogblﬁgls ﬁ?&é’épﬂl@@qtﬁ%ﬂl? REsSERING ASHIr biRSesBE . The

taneo collection of two inages is partlcularly
anuumuﬂuﬁg@au@nas both probe hei ght neasurenents are
subjected to the sane n0|se and so the noise is

cancel | ed out Yy ratlveaa S f the tru
Insféaf i comuSHionRUATIE e DAt Font Stk deadil o icrobbobs
hawii§P8 eestinblit scinfgrh thib ease, tHeq:rmbe: bissuibweuld elmourdedierd

on a semn ﬁonductor c% ction line,due to the
a refofRtosRHC @ﬁ%%?"%@&@(‘f”‘g ?lrgl se and vibration. In

the case of the probe biscuits shown in Figs. 5b and

Altérqa a; tﬁeeﬁl%gétb s%PIt gﬁ "HXCH, Vérﬁﬁl?}ecﬂ&iﬂpﬁ% 3bé ﬁucroscope

eterm e case of

desmrlbedl int WG ROAH008678; the contentsad which is insafperated @er ein by
refér%ﬂ@é antﬁthgf ama:ﬁlap F\@H %Eeéd?’ proflb Hﬁ&r@?&ﬁ)ebiherﬁgﬂé 16fs an

acer e adj ust abl e spacer
chcgaeeft@ haye ¢ low ﬁprm%fw-%tﬁnbfeﬂa|l%6§tth%1 N eanchis REAYIded With |
a p%@ﬁ@g@ogﬁ _ﬁi\ﬂﬁﬁ:ﬁ I?scépdll@d ﬂﬁ&féﬂﬂi@:ﬂ?s:@& éﬂhéI@Eht'il@&br 18 of the

case of Fi a a_secon
prapaiich crsures fhat e, aieks Tnae MO faciah TedelesRl caming

is éLru‘leér WIS 106PEroad ik &éh%ﬁ@ rth@@egr@é‘ ef WRRR ijubosufidiert ke
probe biscuits 61, W&eref re be ad ust ed
maaﬁ@nttm?@weweo §'é?)‘a’933'f‘90 Groser %ﬁa'ae@?%t!?é il @8 In

a chhvértioRalSEibbér, 5r éhy%r&.dl as ﬁf@b\@rrﬁéplééti% giastoner. hAlmmuttve@
'canbe3|m gﬁjué% th the e od|

corty ShiPeta RIS AR PGP B8y Pl e, BUSI R Bbes. on

elelckénis eoAtr 6l @@h@lﬁ@ciﬁe&ﬂhﬂrﬁ thef samplé amdpribeaine withintaner

se¥Y‘p<§ gltsgxgtf%%é\ﬁroﬁmeﬁ thle %%Fy%ep %5§tfn%|n|ﬁ/y e’ gﬁw%t%l%sn&pogﬂg of

the probe to the liquid environment may be sufficient to ensure the desired low Q

factor.

It is to be noted that the apparatus described above is merely illustrative of the
applicability of the present invention to fast scanning techniques. It will, of
course, be appreciated that, as mentioned earlier, the microscopy probe of the
present invention is equally applicable to slower scanning methods and to
numerous different scanning probe microscopes.

In taking images using this probe microscope, a biasing force which is deflection
independent is provided which urges the probe tip and the sample towards each
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biscuit 6 1 is permanently attached to a carrier bar
66 whereas the second probe biscuit 6 1' is attached
W eoosls32¢ame carrier bar 66 by neans of an adj BST/aGBR@7/004160

spacer 65. Here too, the separation 70 of respective
probes on each of the two probe biscuits may be

altered by adjusting the thickness of the adjustable
spacer 65. Wth the probé‘%%Serrbl ies illustrated in

Figs. 5a and 5c, the separation of the probes nmay, for

olf¥AMHebiasdif ﬁﬁbé‘ﬁfaz% dEé’fr@ﬁm‘:é?fglE&R)ts%hg e%?'h%ﬂﬁ’é gature

r epeat S On semcC uct or water not
bafweemthersample snd theerobe and thimelbctigal potentiatayaypbe the same

el@étﬁé’él ?Sén i L%@é% §eIEBteor%%?"i’ﬁcﬁ‘5 8%e9fo I'L]-z rBBe? B%%llj g

in either one or
cmﬂm iasing fpr qﬁamay pepr Qd@icﬂh by sthef meensaé gt hzessmaegradient

rﬁ-ﬁfggieﬂgrwhé%ta rangenent of probes 32 on the
probe bi scui't 80 ﬁﬂ%lzstrat ed in Fig. 5d, each opposing

pair of probes, i.e. probes on opposite edges of the
Pmbetjeﬁe‘btloamﬁa)eﬁe mbﬁﬂlréﬁﬁ?hﬁnytdﬁlé%rﬁ%\edns %clt{d”’ﬁg DURST
nal ec e speci men stage is
i, 8 Bpfdey lep e FRRGE, inte omtety o asdeecaRRirostor
probésods well angﬁeQWrgofghﬁﬁ@NE ﬁaﬁaﬁb% i tﬁé‘ récﬁarﬂ%%ﬁiu@ Qf &PReated
Vv escri be C
o AR el fis B lREORRRIG Setars B comedioste ng a
mexeimend bf thegivelse, fop thessam;tlé platy issprefonea Bmer ddqrgaterd of a

S i AR i S

enviseged.obe bi scuit woul d be nounted on a resonator

such as one prong of a tuning fork. Alternatively, t he
rﬁ., gl scuit 3 may be enpl oyed with the probe
The; RIORR Risprit 'B@%@ISP@QOBWFPPW D QUAECVIGBRIOPY FRPaEHS ent s

de@fgnw tcmohBor dI6EH] lﬁlﬁfa%h&% M@éﬁ‘pl‘éﬁe R4 %éﬁﬁfee s %f
ro

¢ stlp ht i cul ar R‘lgg m cr oscope,
o '196 intefactionsmay inchisg op ?'o%@ﬁfﬁ“ﬁ@ @%ﬁt%ﬂnetf@ r@egneags
elddtriv Iaterdlyishdarefoteich thidrMal iHRFadtibhd! a pol ymer coating
which is applied to one or both sides of the
cantil ever 18 of the



probe which ensures that the probe 16 has a | ow Q
factor. The preferred coating is a rubber with | ow

wee@s®s2ink density, the degree of which is juBCT/GB2007/004160

sufficient to nmaintain the coherence of the coating.
Cross-links can either be chemcal, as in a
conventional rubber, or physical, as in a
t hermopl astic el astonmer. ArtZdrmatively, control of the
Q factor of the probe could be by other neans, for
exanpl e electronic control, and in the case where the
sanpl e and probe are within a seal ed vi scous
en&L&&gnent the pol yner coating may be onitted as
exposure of the probe to the liquid environnent may be
sulfi ci Aprobecassesilyefor bee ihed seanhingprobefaigtoscope, the s
to be noted that the apparatus descri bed above is
mepreby dssemblyrcomprisingf a cardenaNing alfirstiplyralify of atleast three
present invention to fast scanning techni ques. It
Wi plobesf eauhiprebe hieing piipahatis éntatdubon a atanedhat isgetmon
earlier, the m croscopy probe of the present invention
5 i Stoteidralitg b brabeltips dnd thatdsenoveablerframg thieplaods and
to nunerous di fferent scanni ng probe m croscopes. In
t alhdrecieBeE i thai thg probes gre shbstantiallysidentieal andihatiheg
force which is deflection independent is provided
whigdeniblg efsotifclugesodiiressingimeahd edaptep lte sélevtorisof the
eachother. The biasing force may arise from an
el smﬁw%baibﬁoae@mrmwiwé mop@mestdvitietespect tb lmamajarityl of thaend
the probe and this electrical potential may be the
sapgn#aih@éi éfith@prapeent i al used to sel ect one or nore
probes of the probe biscuit. O course the biasing
10force may be produced by other neans e.g. pressure
gradi ent or magnetic, where appropriate. Probe

depl ect A%oﬁ@dséé%msrﬂa&dr&dg Ry claBny witidréiarties tameaalso
including, but not limted to, the optical |ever

t effeflideda sdoeh piranyef steadtdniekaubslantiilyiidantical probesd
probes as well as detection of thermal variations in

the radi ant output of a heated probe. Al so, although
the use of piezoelectric actuators for control of the

nmogenmenp éﬁébé B&seiNP Becobding e clami 2l wherbinttRe aidressing
preferred, other actuators
15 means is arranged to select one probe from the first plurality and/or one

probe from second plurality.

4, A probe assembly according to claim 2 or 3 wherein the probes of
the second plurality are a different type of probe to those of the first

20 plurality.

5. A probe assembly according to any preceding claim, wherein the
addressing means comprises respective electrical connections to each

probe.



i nvol ving for exanple thermal expansion of a contro
rod, or a voice coil are envisaged. The probe biscuit

woreysasreo’ be enpl oyed i n probe mcroscopy appaPEr/G82007/004160

designed to nonitor other interactions between probe
and sanpl e. Exanples of other interactions may include
optical, capacitative, electromagnetic, nagnetic,
electric, lateral, shear for2e~or thernal

interactions. CLAIMS 1. A probe assenbly for use in a
scanni ng probe m croscope, the probe assenbly

coBpr i sAmgolse assamigy abalkimed i dlaifss, whereialthé Yesplectie

| east three probes, each probe having a tip that is

| oefettridabtormeplicrizcintlngé means ity &M elcRtrichPotbiftif
probe tips and that is noveable fromthis plane

chpemiedrths pebdearid@terhbie didchldgs. are substantial ly
identical and that the assenbly al so incl udes

addr essi ng nmeans adapted to select one of the
plurality of probes for relative novenent with respect

5t 072 MBAQFéBe asdenithEas BRTHEWR! cldin 5]: 'ﬂ\m]e%iﬁ Reeh ﬁéobeA

probe assenbly according to claim ereint

Cafnciudtes @ r2SilibMEUpBBRing bEaRPAIY mb%atés%mg%eéﬁ fuRASH
three substantially i1déntical probes. 3.°A prosbe
aspeie it ' If i Ling
o P U risher) SO i Rosp BB TS
Pl g fHdcti - %I;{ﬁ,( econd plurality. 4. A
pr obﬁeH gs%%ﬁ%’%ﬁgigggﬁ%ieg téﬁg{:ﬁéglrﬁh 2 or 3 wherein the
probes of the second plurality are a different type of
probe to those of the first plurality. 5. A probe

10 2sgembl X ppsiePsstehibly s BB raca%gioﬂg o‘?'c%irﬂ% 14par Fv'herewe

15
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addr essi hg means conprises respeéctive electrica

COg. '0BB ndiyeRAL s AP

cl aiii}?rpe@lopﬁn C ngl m 5, sv\hgr%fp%op @gq{e%?g%@?@:egﬂ d¥e§§%g medns
comprises at least one additional layer applied to the supporting beam, the .
additional layer being formed from a material that is different from that of

the supporting beam, thereby forming a multilayered structure comprising

at least two layers with differing thermal expansion.

9. A probe assembly as claimed in claim 8, wherein the multilayered

material is heated by means of a respective resistive heater or a remote

light source.

10. A probe assembly according to any preceding claim, further
comprising a unitary substrate on which said probes are provided, the

unitary substrate being mounted on the carrier.



el ectrical connections include neans for applying an

el ectrical potential between the probe and a renote
web@snsnde. 7. A probe assenbly as clai ned i n BCEGBR®;7/004160

wherei n each probe includes a resilient supporting

beam and t he addressi ng neans further includes

pi ezo-electric material connected to the respective

el ectrical connection for b&¥%ng the supporting beam

8. A probe assenbly as clained in any one of clains 1

to 4, wherein each probe includes a resilient

SUPPOT t A Pepbressseribly Ad Claimtisll iashyrumerof alzims drtp19, sberein

| east one additional |ayer applied to the supporting

beg#ah éf¥id pRBEE hasRabspetios shiBitrge by which theqmise is
material that is different fromthat of the supporting

beaunicles e dapidfl Ng a nul tilayered structure
conprising at |least two layers with differing thernmal

expansion. 9. A probe assenbly as clained in claimS8,
wherein the multilayered material is heated by neans

50118 reg ?gﬁéAé(s‘éeﬁW §E&o¥&n§ ERh8Y prRceding R hEWhE@H the

sour ce. probe assenbly accordi ng to any

ELEI‘SEJF;?%)F& & I@éﬁ}t@r&@ipg‘?ﬁsﬁs &E'PRSBEY 312 t9pé! Bbibated from the

e on probes are provided, the

un| q&)l%}ﬁsg:%%ng? BE/)?E'S)b%ﬁgé%e g@:&i%ﬁﬂo@é‘ pHB%% 8§ dnhi€ mdde prGSe,z;

probée a in any one of clainms 1 to

g‘;ﬁ%@%&@ﬁ@@rggeé GroBE %Bsggga& e Eﬁe‘%‘%ﬁ%&:é’rﬁ ot g_st rate

€ 1S noun on the carrier.

L R R

eas ree prooes are

10 S: gEoZ)% é)JaggeJ %P%PE%I Rehefbid Hgﬂ%&%f %h@%r%g%ﬂ‘éﬁo of

typ con node pr nam c no probe;

o B B A BB RRoc RS FEPRLRRICBR I | oca
magnetic and / or electric fields;

13. A probe assembly according to any preceding claim, wherein at

least one of the probes has a tip radius of curvature of 100 nm or less.
15

14. A probe assembly according to any preceding claim, wherein at

least one of the probes has a spring constant of less than 2 Nm™.

15. A probe assembly according to any preceding claim, wherein the

20 probes are arranged substantially parallel with one another.

16. A probe assembly as claimed in claim 15, wherein the carrier has
internal edges defining at least one slot extending through the carrier and

wherein probes are mounted along one or more of the internal edges.
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probe adapted for optical near-field mcroscopy;
standard aspect rati o probe; high aspect ratio probe;

assenbly according to any preceding claim wherein at
| east one of the probes has a tip radius of curvature
of 100 nmor less. 14. A probe assenbly according to
any preceding claim wheret@6at | east one of the
probes has a spring constant of less than 2 Nm'1. 15.
A probe assenbly according to any preceding claim
whigr ei i\ proBe RisedeBlyarsaciaimed iy eldir 1Bs whetsim bt lpagtzore firet
with one another. 16. A probe assenbly as clained in

clppbibe dRd aMfeasEone édvonarobecaremevitad enmespestige spposing
defining at | east one slot extending through the

Cahtehidi e@ﬁgs,w%quabé)g .are nmounted al ong one or
nore of the internal edges.1l7. A probe assenbly as
claimed in claim16, wherein at |east one first probe
and at | east one second probe are provided on

regecty H%g@%%\@élinﬁ adiSimealin %%ﬂ'ﬁﬁl"/?flvhbl‘&n B&idke least one

I
support. probe assenbly as clained in claim 17,

V“?ﬁét?&ﬂg? %Bg aﬂea%F@ﬁé sEEMRdiro 5 oWl tRthtRér dLRAThatAREIr

seco e overlap each other such that their tips

ar j Line. 19. A probe assenbly according
tc}rbgnfé%?%ggg?nﬁhggg{‘%i m wherein the carrier further

conprises neans for attachnment of the carrier to a
nmount on a mcroscope. 20. A probe assenbly as cl ai ned

munt. _ sendly as ol a
s *PApreReRER AR, ockBrdlF Gran JreBod G KRR, wigRRi haee
nFGPHatT on- o _
PR RRE ok kol dEhioRt SPuicatorta® ot on
l ect | be. 22. A b nbl di t
ary IR ol ai m wherein the probe tips are -

substantially evenly spread within the conmon pl ane.

20. A probe assembly as claimed in claim 19 wherein the means for

attachment comprises means for storing information for each probe.

21. A probe assembly as claimed in claim 19 or 20 wherein the means

for attachment includes a multiplexer for selecting a probe.

22. A probe assembly according to any preceding claim, wherein the

probe tips are substantially evenly spread within the common plane.

23. A probe assembly according to any one of claims 1 to 21, wherein at
least two probes are differently spaced within the common plane, in

comparison with the remainder of the probes.

13. A pr obBCT/GB2007/004160



23. A probe assenbly according to any one of clains 1
to 2 1, wherein at |least two probes are differently

w@pasesB2wi t hi n t he conmon pl ane, in conpari SonPEI/GB2G0MO04160
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remai nder of the probes.24. A probe assenbly as
claimed in any one of clainms 1 to 2 1, wherein the at

| east two probes have a spacing which is adjustable

wi thin the common plane. 2827 probe assenbly as
claimed in claim22 or claim23, wherein a probe is
provi ded on a first probe support and a second probe

I 24pr oW pretle @ssemblyasrulbimedlie any ppe of claimds Mie 2 wherein
spaci ng between the tips of the first and second

Pripd asldast fwoqedbes Raveha ppading ahivhrid bgdjustabtd withindhe n
claim 24, wherein a first bank of probes is provided
Olcomrhbi planel obe support and a second bank of probes
is provided on a second probe support and wherein the
spaci ng between the tips of the first and second banks
is adjustable. 27. A probe assenbly as clained in

clg m 20propReissbmbRias @Affedi Rlaith 22 ddimst3, ahdresie gond

probe supports includes an adjustabl e spacer for

al §r8pé Wpr‘bggeﬂ S firéEpridB8 st} ﬁ@t{/h 8hd bikecbN® pRIbRhE provided

supports. A probe asse as clainmed in claim 26

Of orPd 'set‘,%n]'gf @'gﬁﬁ %g?ﬁc?r?éﬁd ARBrdin thelsparig Etledn tHedfbsiof the

one Seco e provided on respective opposi ng

edfﬂ@?aﬁs%c%ﬁﬂ?&ﬂéé%fﬁké&t and second probe

suppor probe assenbly as clained in claim 28,
wherein said first and second banks overlap each ot her
such that the probe tips are arranged in a line. 30. A

pffﬁge. %ﬁ%ﬁ%‘ éég@r%bfy‘ ey %éd\?\ﬂ %laﬁh!m?%hem?ﬁwra HaAK lof
bank i s T'ocated on~a plane ich is conmon to_the

O\ HEbab ¥ )iyaBatn ARk HE06 Subldh bt S3RERABI S probos e
flg%rggﬁaa on £EBEISd MR drdaifibintRe 8H5LRG BEMRen the

tips of the first and second banks is adjustable.

27. A probe assembly as claimed in claim 26, wherein at least one of the
first and second probe supports includes an adjustable spacer for altering

the relative position of the two probe supports.

28. A probew assembly as claimed in claim 26 or 27, wherein at least one
first bank and at least one second bank are provided on respective

opposing edges of respective first and second probe supports.
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3 1. A probe assenbly as clainmed in claim30, wherein
the addressing neans is adapted to select at |east one

of the remai nder of the.probes not in the selected
bank, and further adapted to select one of the probes
fromthe selected bank for relative novenent with
respect to the majority of ~t28~remni nder of the probes
in the bank, the sel ected probe being the probe in the
sel ected bank that is noved furthest from said

Megar i tA psbel dxeembipasclaimerf intdm@8) derain saidrfirstend

sel ected bank. 32. A probe assenbly according to any

Pr &52AHBaNRS BVefapbedheitRer dighaRalthe priba tibsi dre arranged in a
substantially parallel to the sanple stage. 33.
Sciqni ng probe microscopy apparatus conprising a
sanpl e stage; a nmount; a detection systemand a probe
assenbly in accordance with any one of clains 1 to 32,
the probe assenbly being attached to the nount. 34.
SCEANi NG oSS sBHBIPSS QRIMEPIRRAn i, AHeRsi ieBgh bank i M
33 mherePn the mcroscope further includes neans for
al j gnd =Ye ' j ;
3clollelr| S flaRp WHfCtEf Bttt oieh ol A ¥hchTb e

32 (reH(%i[iJ]garW gtftscdfé& % %ﬁﬁ ﬁo@\‘ﬂ&gwfh fRGher Hodk %Bg ﬂg?éd

1 On system conprising the ste
. . th .
or B B 3R Rafind RecrRena e el | % e
accordance with any one of clains 1 to 32 in the
scanni ng probe mi croscope; addressing one or nore
P She ABrfRFReh B ndd R 405 dh ans e

e “‘com ane re

[rgmg‘agg K alnibd'fo HIEAER BB oABAANr RFbRE hB%rRER ifn

respect to a majority of the remainder of the probes not in the selected

bank, and further adapted to select one of the probes from the selected
bank for relative movement with respect to the majority of the remainder of
the probes in the bank, the selected probe being the probe in the selected
bank that is moved furthest from said majority of the remainder of the

probes not in the selected bank.

32. A probe assembly according to any preceding claim, wherein the

common plane is substantially parallel to the sample stage.

33. Scanning probe microscopy apparatus comprising a sample stage; a
mount; a detection system and a probe assembly in accordance with any

one of claims 1 to 32, the probe assembly being attached to the mount.
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scanni ng the sanple surface; positioning the sel ected
probes over the sanple surface; aligning the detection

or nore sel ected probes; generating relative novenent
bet ween the one or nore sel ected probes and the sanple
surface; and nonitoring the response of the one or
more probes to its interact28mr with the sanpl e using
the detection system 36. A nethod according to claim
35 further including the steps of: addressing a second

Sedq, of SeafAnkly preb & mikirosupy tappartseaddoeding thbelaim B8 of
t he addressed probes to nove out of the comon pl ane

r ‘%ill?érbiﬁechb MibRRcsFERrREEcRbes freapt ddresigaing theselebied
sel ecting one or nore probes for scanning the sanple

st};rggge\,‘ithq%hg{ég{mgyg@ﬁ_ second set of selected probes
ove I f

r the sanple surface; aligning the detection system
of the scanning probe mcroscope with the second set
of sel ected probes; generating relative novenent

bejareen H%ozng{?@gﬁdaﬁﬁ)a 95151?@ ShifRE L@rn@osgcmfg ;%lﬁbe

sanple’s nitoring the response o e one

oA e PR s G A 5 defociohbysleln, 1A Mo

I on A nmet hod according to

claim 36 rej e step of aligning the detection
sy%o(né?ﬁlﬁlggm@’ r?ﬁ{a@sd&hé)ut automati cal |l y.

mounting a sample on the sample plate of the scanning probe
microscope,

mounting a probe assembly in accordance with any one of claims 1
to 32 in the scanning probe microscope;

addressing one or more probes to cause the probe tips of the
addressed probes to move out of the common plane relative to the
remainder of the probes and thereby selecting one or more probes for
scanning the sample surface;

positioning the selected probes over the sample surface;

aligning the detection system of the scanning probe microscope with
the one or more selected probes;

generating relative movement between the one or more selected
probes and the sample surface; and

monitoring the response of the one or more probes to its interaction

with the sample using the detection system.
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36. A method accordiné to claim 35 further including the steps of:

addressing a second set of one or more probes to cause the probe
tips of the addressed probes to move out of the common plane relative to
the remainder of the probes and thereby selecting one or more probes for
scanning the sample surface;

positioning the second set of selected probes over the sample
surface;

aligning the detection system of the scanning probe microscope with
the second set of selected probes;

generating relative movement between the second set of selected
probes and the sample surface; and

monitoring the response of the one or more probes to its interaction

with the sample using the detection system.

37. A method according to claim 36 wherein the step of aligning the

detection system is carried out automaticatly.



