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a the mteractron force between the tip and the sample can be deduced.

The AFM is usually operated in one of two modes. In constant force mode,
feedback enables a positioning piezoelectric driver to move the sample (or
probe) up or down in response to any change in the interaction force that is
detected. In this way, the interaction force may be held relatively steady
and a fairly faithful topographical image of the sample is obtained.
Alternatively the AFM may be operated in constant height mode. No, or
very little, adjustment of the vertical height of the sample or probe is
imparted during the scan. In this context, adjustment of the vertical height
means that a translation is applied either to an actuator connected to the
cantilevered probe or to the sample itself. There remains therefore a
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20 Recent advances in probe microscopy have led to much faster data
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collection times. With faster scan techniques, such as that described in
PCT patent application publication number WO 02/063368, finite probe
responsivity is increasingly becoming a limiting factor in image collection
times. The probe will not respond instantaneously to a change in sample
characteristics and so there is an inherent time delay between, for
example, the probe encountering a region of the sample surface with
increased height and the system reacting to it. This disadvantage applies
to both constant force and constant height modes of AFM operation. ltis
less severe in constant height mode, which is therefore the preferred mode
of operation for fast scanning techniques, but it is still sufficient to limit
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force developed as the canthver is bent by the sample surface. That is, as
a high region of the sample surface is scanned, the cantilever is
20 increasingly bent upwards and the energy stored in the spring is increased.
As the height falls away, a restoring force pushes the cantilever back
towards its equilibrium (straight) position, thus maintaining contact with the
surface. If however the scan speed is too fast, the probe will not track the
surface but will effectively be thrown upwards over any protuberance from
25  the surface and may start to resonate, or “ring”. This in turn gives rise to
oscillations in the imaged interaction force. Similarly, when the height falls
away the restoring force might not be sufficiently large to ensure that the
probe tip remains in contact with the surface and information about the

surface in that region of the image will be lost.
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member connected to a probe tip having a tip radius of 100nm or less
20 characterised in that the probe is adapted such that, when subject to an
externally applied force, a biasing force urges either or both of the probe tip
and a sample towards each other with magnitude greater than a restoring

force arising from a displacement of the probe tip as it probes the sample.

In appreciating the scope of this invention it is helpful to consider the forces
25 involved as a typical cantilevered probe makes contact with a sample
surface in a prior art atomic force microscope. This will therefore now be

explained with reference to Figure 1.

In Figure 1, there is shown a sample 1 that is being scanned by a probe of
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AFM technique depends on the degree of force kx exerted by the cantilever
20 3 onthe sample 1. The greater the force between probe and surface, the
greater the responsivity to surface variations. This indicates that a high
spring constant k is desirable, particularly if the scan is to be fast. On the
other hand, the greater the force, the more likely the probe is to damage
the sample. Accordingly prior art AFM cantilever probes must make a
25 fundamental compromise between probe responsivity and the likelihood of

damaging the sample.

A probe in accordance with the present invention however is adapted such
that, as a sample is scanned, it experiences a biasing force that is
significantly larger than the restoring force kx exerted by the probe on the
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however is adapted such that, as a sanple is scanned,
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20 sample towards each other. Furthermore, the magnitude of the biasing
force that is applied to the probe is independent of the degree of its
deflection. in this way, since the probe beam has a very low spring
constant, the bending / deflection restoring force is very small compared to
the biasing force and so the force of the tip on the surface is effectively

25 deflection-independent.

Prior art AFM probes have been specifically fabricated so as to be
responsive to an external biasing force. EP 872 707, for example,
describes a cantilever probe that includes a piezoelectric element. A
control signal is sent o the piezoelectric element in order to urge the probe



Prior art AFM probes have been specifically fabricated
so as to be responsive to an external biasing force.
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contours of the sample surface could not be tracked and interaction force

measured, which runs counter to the whole purpose of this invention.

In an alternative approach, the cantilever beam is designed to have a low
quality (or Q) factor. This, in comparison with high Q factor beams,

25 increases the rate at which mechanical energy is dissipated. If a probe
located on such a beam is knocked away from the surface during a scan,
any consequential mechanical oscillations are reduced and the probe will
return quickly to track the sample surface. In one embodiment, the Q factor
of the cantilever beam is reduced by applying a coating to the beam, the

30 coating being adapted to dissipate energy that would otherwise be



25 increases the rate at which nmechanical energy is
di ssipated. If a probe |ocated on such a beamis

woeskRgraway fromthe surface during a scan, p@ITEB2004/003065
consequenti al mechani cal oscillations are reduced and
the probe will return quickly to track the sanple
surface. In one enbodiment, tHe~Q factor of the
cantil ever beamis reduced by applying a coating to
the beam the 30 coating being adapted to dissipate

PPy el iRy bEb PRI SxeRAR0RBPSHE oy more

t Ero«sum]lgtcﬂy mdctast OThhe)Q factor of tha)smpcmm bﬁamosyheaf@fmg

T actor t he oIt t [

T el FoP o b b BBl BB R Gh T the @

CO'TQ&Bli_éf’Qn bgu&a%nﬁéun&@ﬁbe lheRim.aThe %lamd; RNbrefarebtatdn

e codting I's preferably of
5en@r@ygyaabmrbmggnat&rtal isMch asue pob'im%r fﬁmt ghplied fo ghleast one
0 at, | east one side of the probe. Cearly
lﬁﬁ éﬁ?h by the probe of this invention is best
achleved if it is adapted both to be subject to an

o Sh0 eSS e oS By A o el

f e?ié HHSﬁteUSbo’elQ 1616 %%Pe“cy to 46 ekbgnalrdiRet farcd paddbhaveadow
the vicinity of a sanple, a capillary neck_ js

belQ dadker. tlo qesiain cireimetehaes haweyer, OHY Onéh%fé\ﬁﬁﬁ &eptyres is

if t |
10, 8595 5k ob EoRABRES PRSP st bt
f r qrack e belkgvidd torfyrm ekt o‘otmmststihe twomhm aat’tlaulat ifthen@ factor

;8 :gc .%@@ Squrgegs @u}{f'mrgly lgw?{t rﬂp%g @3@ ﬂ%qgt’tﬁ% @lafygs%) rce that

! O\%rISbE flomn ’id@é%ﬂeﬂaﬂ/h@ck fbr‘?né fHeSdérﬂﬁ\TaﬂﬂFéStorﬂigSﬁirwt Smlarly,

ani ca rgy may also occur via the probe'
i ntifea stronger hiasihg foreeda applied; dhe & factorriitiae heawmnot be

15080 18 ot Bdao BT i 7 AR Pedhe! Bl 3 etehlep Bferay

darfhy aisefoddaE PrrtheProbe’s mtbtamon viith 18 Sansls sufface.
ref erenced above di scl oses a nmagnetic coating 20 by

which a force may be applied to a cantil ever. US

6, JiBvikahtiR0Ers With BodftySare dl@élbs@kﬁkﬂﬂhehﬁmmﬂ; aﬂhough none

cantilevers for the detection of _radi ation

coarpegales wite agnafesiabihed is atable frdampingof HWCEamcal

' a%s% llaﬂgns. US 5,515,719, referenced above discloses a magnetic coating
20 by which a force may be applied to a cantilever. US 6,118,124 and
US 6,330,824 hoth describe coated cantilevers for the detection of
radiation. The coating is therefore affected by the radiation, radiation
intensity being measured by a quantitative change in the properties of the
cantilever. This is to be contrasted with the coating material of the present
25  invention, which is not affected by incident radiation, but absorbs

mechanical energy.

In an alternative aspect the present invention provides an atomic force
microscope for imaging a sample in accordance with an interaction force

between the sample and a probe, the microscope comprising



intensity being neasured by a quantitative change in
the properties of the <cantilever. This is to be

we Sk oasted Wi th the coating nmaterial of the ppeseBodd03065

i nvention, which is not affected by incident
radi ation, but absorbs nechanical energy. In an
alternative aspect the presemg'rnventl on provi des an
atomc force microscope for imaging a sanple in
accordance with an interaction force between the

sanpl e and a probe, the m croscope conprising WO
2005/ 008679 PCT/ GB2004/ 003065 driving neans arranged

to gﬁ?ﬁw ﬂ@aﬁfhﬂéngfd ssamV|de;1rathNechanBLngeléntlQm1 betypaypine
22@@@5@23%3@%5% St ek SIS o bR S ang
a g{f@&}r\g@%sbgﬁ%gﬁp ik RNPRrS detbatablehrstatitiniectio

ection mechani sm arranged to

5 e astatdisHed betweamthend andor  di spl acenent of the
probe; 10 characterised in that, the m croscope
i ncI udes the probe as descri bed above. Alternatively,

he Bl %Eegga?é’cﬁ%n' hebhatigntfraried tormédaire deflection! antbsor
fo rce rect) generating nmeans arranged such that,

i n digeacament ofghe prele;(Fdrect) is applied to either
or both of the sanple and the probe or between the 15
sanpl e and the probe, the force (Fdirct) being

1001 r@eFasdensedm that, themicrbecops moiudes\the @mbehés despited
or vice versa. In a further aspect the present
i mah®vBon provides a method of collecting image data
froma scan area of a sanple with nanonetric features

m%%gaﬂ@ﬁ 865 FGHO9GORS SATRIRE RS ob ALITEL t HElkopRlorcs
hav %éﬁé%?{]ﬁéih%%nsq ah%@ h thﬁﬁ%‘n bﬁér@tléh ag force (Fareat) IS

prc‘ F'ﬁ?‘ er to allow an
| ntappietitovither orebath Hiehesample anbtheproReas beiwern Hird

15est§ﬁ5np|§m§@ tEaUSI y tég&&%éig&a; tgeeiﬁé}jlrégtgﬁ%toh%st tot yrge the

pr éﬁi%%é%a @otomarv@ssa he sanple or vice
ve?@gbé%w (c) scamng ei ther the probe across the

surface of the sanple or the '
In a further aspect the present invention provides a method of collecting

image data from a scan area of a sample with nanometric features wherein

the method comprises the steps of:-

20 (a) moving a probe having a supporting beam with a tip having a tip radius
of 100nm or less into close proximity with a sample in order to allow an
interaction force to be established between probe and sample;

(b) causing a force (Fairect) to be established between sample and probe
such that the probe is urged to move towards the sample or vice versa;

25 (c) scanning either the probe across the surface of the sample or the
sample beneath the probe whilst providing a relative motion between
the probe and surface such that an arrangement of scan lines covers



sanpl e beneath the probe whilst providing a relative
noti on between the probe and surface such that an

w@bdodoapent of scan lines covers WO 2005/ 0086881/GB2004/003065

PCT/ GB2004/ 003065 -10- the scan area; (d) neasuring
defl ection and / or displacenent of the probe; and

(e) processing neasurenents tak@m at step (d) in order
to extract information relating to the nanonetric
structure of the sanple. 5 Enbodi nents of the

I nvent s Are@owW be described by way of exanple
only and with reference to the acconpanyi ng draw ngs.

Figure 1 is a diagrammatic illustration of the forces
: _ . wiih
ko BRBLITRT P NBRBIUEp bl ihd ™ °

m croscope. 10 Figure 2 shows a schematic

| el dlgeRicBbog siast o RS fikR 28 SicB ERATER o K¥Bhets,
enbodi imformationtrbiatingte slemhandmetrio structiedsfitRe Safiplas a

schematic i nplenmentation of an atom c force m croscope
that includes a probe, which is in accordance with a

& ecBnbodirhentisroftite ivention WiEnpwasedésoribed by \oay oféithple

4 shows s_ﬁ{ﬁ%[ati c inplenmentation of an atomc force
mi cPRY @HFVItR FRieranceto da a6CPBRRYINGMraMings. i n
accordance with a third enbodi nent of the present

invg,nti on. Figure 5 shows a schematic inplenentation
of BIGUER s 8 diagrammatic Hdstmtion gighe farces rvalvaskagia

o “tleNerEd phabe MaRe RERRERiN A shifoleltlirace AT
i nphitemim farce aricroscape.at omi ¢ force m croscope that

i ncludes a probe, which is in accordance with a fifth
enbodi nent of the present invention. W 2005/ 008679

10PCTFigaa0D $h6ws @Bdchetriatic implementation of an atomic force microscope

that includes a probe, which is in accordance with a first embodiment of the
present invention.

Figure 3 shows a schematic implementation of an atomic force microscope
that includes a probe, which is in accordance with a second embodiment of

156 the present invention.

20

Figure 4 shows a schematic implementation of an atomic force microscope
that includes a probe, which is in accordance with a third embodiment of
the present invention.

Figure 5 shows a schematic implementation of an atomic force microscope
that includes a probe, which is in accordance with a fourth embodiment of
the present invention.

Figure 6 shows a schematic implementation of an atomic force microscope
that includes a probe, which is in accordance with a fifth embodiment of the
present invention.



Figure 7 shows a schematic inplenentation of an atomc
force mcroscope that includes a probe, which is in

w@sieheknce W th a sixth enbodi ment of the pregemiB2004/003065
invention. Figure 8 is a diagrammatic illustration of
the forces involved as a probe 5 nmakes contact with a
sanpl e surface in the AFM of Flbores 2 to 7. Figures
9a and 9d are AFM i mages of two separate surface
regions of a sanple of crystallised

pol F%?@Y'sﬁ%@vs%éﬁ?éméﬁ@@ugl@ﬁ%%ﬁ 54 Qto‘%leiﬁgg mlSFbscope

accordance wth present 1 nvention. | gure

9e thadl irfudesea probes mthicnisl in Alebbrdamge witif a sixth smbdirhént of
{ace reqgi.ons as those of Figures 9a and 9d. Figure

10 heIQJF???'gtt IBertioh ) es of bespoke cantil ever design

for a probe of the present invention. Fi gures 11 and
‘:J | ustrate, formation of

con
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el CONBLFARA o Sarmp@ifrate NPT AFM BPPMIG 2 0 7.
generally by 10, that utilises a first enbodi nent of a

pr OP@HF&@é EH{ibﬁdarEWQ%gfg oF tb Eggé‘%@éﬁﬁg& Rigidi€of a

pres I nvention. paratu
congamplesfarystallised Bob!dstbyledetm(ldeac(é’EQ) prodaealising 4, probe

and_whi ch, i s nmoyn r,o0 of a tuning fork 16.
TheNAFCPHANGE W1 {bel eﬁgnﬁa}ﬁ%@w@d to a piezoelectric
transducer 18 and a coarse driving neans 20. The

oel ectric rans cer 18 is. us drive

B0t 5 e N Shah coRKeOTAL AN ifaoes okt thf@amqh
ot hrﬁﬁfaéb%a@ngra%thbsebf F@ﬂu@' ed 981dn@%dd.ons. As is
conventional in the field, the z axis of a Cartesian

coordinate systemw || be taken to be that

permgax@ 0! IBstrhRsex@indt8s SPHOSSIKY %ﬁtw/ e'alﬁs@mﬁl § glébe of

I's, the interaction force is depen
théhﬁpﬂﬁﬁﬁﬂWMGmmcﬂ a probe 22 over the sanple 14 (the
pixel it is imging), and also on its height above
it. Atuning fork control (not shown) is WO

200HgwesaicamtT2 (hatate toseEen of 1egians aflpaiand capipdlieda
S AL Uhetiht 78 BebBok b EatiBig9 ok 16 and so to

excl

15  With reference to Figure 2 there is shown a schematic implementation of
an AFM, indicated generally by 10, that utilises a first embodiment of a
probe constructed in accordance with an aspect of the present invention.
The AFM apparatus 10 shown comprises a plate 12 adapted to receive a
sample 14, and which is mounted on one prong of a tuning fork 16. The

20 tuning fork 16 is connected to a piezoelectric transducer 18 and a coarse
driving means 20. The piezoelectric transducer 18 is used to drive the
sample 14 (together with the plate 12 and fork 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

25 occupied by the sample 14. That is, the interaction force is dependent both
on the xy position of a probe 22 over the sample 14 (the pixel it is imaging),
and also on its height above it. A tuning fork control (not shown) is



a resonant or near-resonant vibration within the xy
pl ane. Optionally, the plate 12 and tuning fork 16
woB00sgseSsIpported on a vibration isolating nouptT/GBR0ED03065

as to isolate the vibration of the tuning fork 16 from
the remainder of 5 the m croscope. However, at the

i mge frequencies contenpl atediiwth a m croscope

enpl oying this probe, external noise is |less of a
problemthan for |ower image frequencies and so the

1 opahS8y ko gndth o S ReidanEagR o 4, EREG itk Ya'dha s excite
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tip 22a and the 1fﬁdh£| e surface. A probe detection
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mechani sm 28 i s anal sed and output to a dis
15 PHCrgesRneemplay; %Aﬁ fqbaaﬁxteéwlrnofiﬁ%@éeswga problem than
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canti |l ever
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10 hesémﬁlécﬁdrfa'&@ ngb%?@et@&ldmﬁldéhaﬁi%m ﬂ?“zssaﬁ@ éd' measure
22c, as wll lained in nore detail later,
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t hecdletteet oy thef probe dutegtiont iaghdrdem 28 Brarzsedr artbo@tput to a
of its vibrating nodes in conparison to the sane beam
wi tH8eBYRe presence of the coating 22c. 25 In taking
i mages using the apparatus 10, the sanple 14 is first
br ought |nto contact with the probe 22 using the
15 oalﬂs&e"ﬁ@ VP'P'@{ %ﬁﬁgt'léﬁer IMORES RES Eﬁh”caﬁﬂjff o gilican or silicon
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20 explained in more detail later, serves to dissipate energy that would
otherwise be mechanically stored in the probe through the excitation of
oscillatory modes and thereby lowers the Q factor of the supporting beam
for one or more of its vibrating modes in comparison to the same beam

without the presence of the coating 22c.

25 Intaking images using the apparatus 10, the sample 14 is first brought into
contact with the probe 22 using the coarse driving means 20. Fine height
and initial start position adjustments are made with the piezo driver 18
whilst the probe detection mechanism 28 measures the bending of the
probe as a result of the probe 22 — sample 14 interaction force. Once the

30 measured bending reaches a desired level, the sample surface is scanned



-13- beneath the probe 22. In scanning the sanple 14
under the probe 22, the tuning fork 16 is set to
wo bips@ée7d Nt o and out of the plane of the Fi guper/GB2004/003065
axis). This oscillates the stage on which the sanple
is nmounted. At the sane tine, the piezo 18 transl ates
the sanple 14 in a perpendi culldr (x) 5 direction.
Sanple oscillation is with a relatively |arge
anplltude of the order of a fewmcrons. During the
r f r eadi " 2, the
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whi.ch rm be u

i EgS TogesuSq Ushd, 58 iort Yerdcke RofemairbBe. (The output
10Ene§~ | $iopf &k ﬁ)ﬁ@b@&i&téd:tatmme®ﬁmemg@8 i fedidieciv tcpgrprocessor

rad |an A heavily danped system in which stored energy

i s anddipplayed-rapidly, has 20 a low Q and a lightly
danped system has high Q Gscillators nade from Si
and SiN materials do not_h

as As plated abovmdhe prRhfée gﬁéﬁp);n h Irg;g(ﬁlﬂeﬁgﬁ?rﬁﬁhgggbf the
CarbideYEh Al s 88 Wit pblyhiePniatbtisl 2dc. [Tk coutitey 22c

over, esli ? d for use in
t appay @emrd@ne bt both sides amvamth@ the mt@eahﬂtselé{ﬁeﬁwia@'e for
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over many cycles of oscil]ation. By m ni m sing energy

{ ottt b eclaie 8 dmandiohRin WP, ndFmG s e g uaptity

PCThERAQOHAHRIMOP @amping) of an oscillator. It has the property that:

_ Energy stored in oscillator
" Energy dissipated per radian

A heavily damped system, in which stored energy is dissipated rapidly, has

20 alow Q, and a lightly damped system has high Q. Oscillators made from
Si and SiN materials do not have much internal loss and, as a result, most
commercially available AFM cantilevers will have high Q, typically of the
order 5 — 500 in air. Moreover, if designed for use in tapping mode, it is
advantageous for a cantilever to have a high Q. In this mode, the

25  cantilever is driven at resonance and the interaction force measured over
many cycles of oscillation. By minimising energy loss over the oscillation

cycles, the high Q therefore acts as a mechanical filter.



-14-- A nechani cal oscillator has many resonant nodes
of oscillation and the quality factor of each of

wo heseosedes can be different, dependi ng on thect/GB2004/003065
frequency dependent material properties and the shape

of the oscillator. Wen referring herein to the Q
factor we are referring to th#4® factor of the 5 probe
Wi th respect to any one of these nodes, or to the Q
factors of a set of npdes In the case of the present
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The coating on the probe acts to dissipate mechanical energy that would

20 otherwise be stored in the probe. The probe with the coating will store less
mechanical energy than the probe without the coating, and the motion of
the probe with the coating at a specific time will relate more closely to the
surface under the probe tip at that specific time, than it would do if the

coating was not present.

25 Depending on the samplev being imaged and the scan-speed chosen, it
may be that a higher mode than the first or fundamental mode is most likely
to be excited during imaging. In this case the coating is chosen to ensure
that the Q factor of this mode is significantly reduced. By tuning the energy
absorbing and dissipating properties of the coating it is possible to reduce



WO 2005/ 008679 PCT/ GB2004/ 003065 -15- or renove
oscillations of the probe that are nost likely to

wo WbSedsefe with image quality while minim singc682004/003065

change in mass of the probe. Many pol yner materials
may be used to provide the coatl ng 22c, and the
opportunities for specific s@l 18ction will be appar ent
to one skilled in the art. 5 The material is selected
for its viscous-elastic properties: it nust be
sufdrirein@it loscibashd 6f e rS’FBb@‘tt"r’ét'hrétrﬁoéthiR@g/ t@?mt@rﬁeré ith
coating the cantilever, | st performng its task

di smagatqu;agtyrmhlieamlmmlsm@ éhregghamiesini pass ohthef probe.
mechani cal énergy occurs primarily through viscous
mechani snms that depend, on a nol ecul ar scale, on the
fr |Mamwpdyntemméteuabnnajobemed ta ptm/mbe thyereoatirigp22c, and the
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ener gy-abSorbing material that, 1de does

unutien L@eﬂeaitrowﬁemqeraipee tThe copolyn@rpvam@pmwrbwlutnon
mégstm%h afr?éi?é 8tfo 6fp50lutlon containing the polymer is placed on the
supporting beam at high temperature in order to drive off the solvent.

Other thermoplastic elastomers may also be used. Such an arrangement
has been found to permit the probe to track a sample surface even at
resonant oscillation speeds such as described in WO 02/063368.

Considerations as to the polymer material and application method adopted
narrow the available choice to some extent. The basic idea is to coat the
supporting beam with an energy-absorbing material that, ideally, does not
unduly affect other properties of the probe such as mass, sharpness of tip,
etc. Solution casting the supporting beam with the above-described
copolymer has been found to enhance energy dissipation with an



etc. Solution casting the supporting beamw th the
above-descri bed 30 copol yner has been found to enhance
WEBREMYsetd Ssi pation with an WO 2005/ 008679 PCT/GB2004/003065
PCT/ GB2004/ 003065 -16- acceptable increase in nass.
O her coating nethods can be used however. These
i ncl ude: "draggi ng" a charged- pdrymer onto the
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sample is left uncoated. The smgle-SIded coating is sufficient to reduce the

mechanical energy stored in the probe and also reduces the likelihood of
any coating material contaminating the sample when the probe makes
20 contact.

Ideally the polymer material used for the coating 22¢ will have a peak in its
energy loss spectrum at the temperature of the probe’s anticipated use and
in the frequency range of the principal resonant modes of the supporting
beam. Typically, it should therefore be a rubbery polymer. Alternatively a

25  copolymer or other composite with a high component of rubbery polymer
may also be used.

The energy dissipation of a polymer coating may be increased if it is
applied to span gaps in the cantilever. That is, if a thin polymer film bridges
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within the AFM, for example below the plate 12, to provide a magnetic field
of sufficient strength to exert a force on the magnetic bead 24. The force
may be via a magnetic torque applied to the probe or through a magnetic
gradient. The probe detection mechanism 28 is arranged to measure the
bending of the probe 22, as for the apparatus 10 shown in Figure 2. Data
collected by the probe detection mechanism 28 is analysed and output to a
display 30.

In taking images using the apparatus 10, the contact mechanism to
establish an interaction force and scanning technique are substantially as
described in relation to the apparatus 10 of Figure 2. Once the desired
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controlled by transducers 18, 20, such as piezo transducers, which control
movement of the probe 22 and tuning fork 16 rather than the plate 12. This
arrangement allows the probe to be scanned using the resonant scanning
method above the sample, rather than the sample being scanned below the
25 stationary probe. With respect to Figure 4 the resonator 16 and probe 22
are scanned in the x-axis using the x-y-z piezo transducer 18 while in
Figures 5 and 6 control of relative probe / sample movement in the scan
direction (x direction) during a scan is provided by means of a transducer
70 connected to the plate 12. Thus the sample can either be scanned in
30 both axes while the probe is stationary, or the probe can be scanned in
both axes while the sample is stationary, or one or other of the probe or
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20 50 in addition to the damping coating 22c to ensure the probe has a low Q
factor. In the case of Figure 6 the sample 14 and probe tip 22a are
positioned within a sealed viscous environment 80, such as a liquid
environment. In this embodiment the power supply 60 is connected across
the conductive coating 50 and a second plate 90 located beneath the

25 sample plate 12 outside of the viscous environment. By immersing the
probe in a liquid (which in the case of biological samples may be desirable)
the damping coating 22c may be omitted from the probe as the exposure of
the probe to the liquid environment results in the probe having a low Q
factor approximating 1.

30 Inorder to appreciate the features that are necessary to this invention it is



positioned within a seal ed viscous environnent 80,
such as a liquid environnment. In this enbodi nent the

\Vdgmgmmﬁﬂpply 60 i s connected across the COﬂdUF@UEBﬂmMmBmﬁ
coating 50 and a second plate 90 | ocated beneath the
25 sanple plate 12 outside of the viscous environnment.
By i mersing the probe in a‘?quid (which in the case
of bi ol ogi cal sanples may be desirable) the danping
coating 22c may be omtted fromthe probe as the

ex ﬁ%%mfgﬁpgéoméhﬁ R{g;‘?@ﬁmﬁé}lct rﬁﬁréée‘h\'tétﬁ)rﬁéf\thé deveesinvolved while

resu aV|ng a | ow factor
apgr seana bieing neﬁcsmach Thidds illustraiedria Higure 8. mehich shows the

Do GaMsTRRHb S TickD dkbas Heb SomBh et R il refretibed.
a /AN FSBTEHCE %o TR e Thévd i9Rhelvntd1Samplec e shatriy beingd

while a scan is being performed. This is |IIustrat§
5i n seagoedbg mmbemfanatgmcm@m%mﬁrog@@paj% gnce

a d I k
et BHERE" Helphldipeds® Wfﬁgf T Which
Im S (ﬂp&%r@g?ﬁ@@ﬁ@emnds mhekwppbrt_mg bnandewh dvimg e sharp
I N accor
i n\pérnbmg Elp 4rm@um€e5’o%t %ﬁﬁg ?Q@Steaw%}“&tﬁ rséeu‘Pg{rg‘Sefe :
%E%ar%g@h‘ @‘%&g éréf’&é\ﬂhﬁgﬁfstf%@m UALCH) %Egﬂﬁd tgﬁhe probe
1or ermﬁts sﬂbshnaﬂeimdsz izt ltsamuntmg to thﬁ /AEM moving ther prgbe tlp 4

° 7 3hto chwtant WTLHE ssdis 1 T8 ArSe ol maPedR o it 1 the Guration
t h%f%&l\éanﬁmé fodcd Pg%egg.w@gréam thanithatoregairedsimpiytid btihg the

anpl e In order to marntain contact for the
durtmt4 i contaat with the sa@pleof cé\swes&syﬁéhe SypgeRiggdeam 3 is

Codbat DBhAE A8, SR Rl il o B, s Sk Gomple i
1522:’7@{@82{@@ Abméth‘or@paﬂoﬂmt;impomohal todet lspgmerated ama result of
resen
perty supBori o6 deap BEeRing Ge TStadhe RroBe B ZhpaHmyERds
g‘l,vtd d%fthits%gn\&égﬂgééé ng beam bendi ng and directs the

pro towards the sanple surface. In
the event that a probe designed in accordance with the

gLﬁﬁg@éee{@Ytﬁﬂéﬂ;( % ﬁpqﬁé%@ﬁ%ﬁ%% Eﬁ?’cecidr%éﬁ%e"\ﬁltﬁﬂﬁ@bﬁésent invention

is deflected from the sample surface, for example by encounter with a

20 raised portion, two factors assist in restoring it back towards contact. This
enables better tracking of the surface to be achieved, even at high scan
speeds. First, as is seen most clearly in the embodiments shown in
Figures 3-7, a second force Fyirect acting to accelerate the probe towards
the sample, can be tuned so as to reduce to a minimum the time it takes to

25  bring the probe back into contact with the surface. This force, which is
largely independent of topography, acts to reduce the response time of the
probe. Secondly, the probe is coated with an energy absorbing material (or
immersed in liquid) which reduces the mechanical energy stored in the
probe and so reduces the effect that previous impulses have on its motion,

30 ensuring that it rapidly obtains a stable state in contact with the surface.
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First, as is seen nost clearly in the enbodi nents
shown in Figures 3-7, a second force Fd; nmect acting
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to 25 bring the probe back into contact with the
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promte. Secondly, the probe is coated with an energy
absorbing material (or inmersed in |liquid) which
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its motion, 30 ensuring that it rapidly obtains a
stable state in contact with the surface. WO
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but its orlcgmn is nore subtle. As the probe
salimghe esnko 60§¢@P!Pi$ddncﬁl@éf@ 3 ithg aﬁmtlynal force Fdlrect is still

contributing fo the tracking performance of the probe, but its origin is more
subtle. As the probe and sample are brought into close proximity a
capillary neck is generally believed to form, connecting the two. This
capillary neck is thought to arise from fluid that will inevitably be present in
the sample environment when it is imaged in air, which condenses about
the probe — sample contact. In normal operation, it is found that the direct
force Fgirect arising from the capillary neck is sufficiently large that it quickly
forms the dominant restoring force on the low-Q probe i.e. Fyirect > kx. This
is particularly true for hydrophilic surfaces. By choosing a probe that has a
hydrophilic surface, for instance silicon nitride, it is possibie to ensure that a
capillary neck is formed between the probe and the sample.

Regardless of the origin of the additional direct force Fyyect, the low Q of the
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to monitor the position of the end of the probe, in which case the optical
intensity at a position in the field of view of the microscope that
corresponds with the end of the probe will vary depending on its vertical
position. Whichever method is used, an image can now be obtained that
will correspond to the topography of the surface, with particular application

for metrology.

In order to assist in achieving Fairect > kX, the probe should be further
designed with a relatively low spring constant. Typically this should be less
than 1 Nm™, which can be achieved by using a suitably shaped probe. In
the present invention, the cantilever deflection is useful only to define the
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20 regardless of whether the direct force is a “natural” force, generated by
means of the capillary neck, or an additional, external force, such as that

1

applied via a magnetic bead. In either case, the restoring force has a
magnitude that is substantially independent of the position of the probe. By
way of contrast, the magnitude of the prior art restoring force kx depends
25 on the displacement x of the cantilever from its rest position. Thus high
restoring forces are generated at particularly high regions of the sample.
It is very difficult to ensure consistently that samples are not damaged if the
restoring force is permitted to vary in this manner. A restoring mechanism
implemented in accordance with this invention has a magnitude that is

30 largely independent of sample height.
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20t he Figures 9a and 9d are images produced using the probe of the present
invention whereas Figures 9b and 9e are images produced using a
conventional AFM monitoring changes in probe height and Figures 9¢ and
9f are images produced using a conventional AFM monitoring deflection
changes. To produce the images of Figures 9a and 9d a Veeco Dimension

25 3100™ AFM with Nanoscope™ IV controller was used with commercially
available cantilevers coated in a thin polymer film. The sample was
mounted on a micro resonant scanner constructed from a quartz crystal
resonator and 5 micron piezo stack (P-802 and E-505, Physik Instrument,
Germany). To collect the data in Figures 9a and 9d the Resonant

30 Scanning Controller of Infinitesima Ltd was used.
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20 can be subjected to shear rates of around 10® ms™, which is a rate at which

many polymers, for example, exhibit glass characteristics. in general, it
has been found that higher frequencies can push a visco-elastic liquid
down through the glass transition temperature and therefore change the

properties of the surface that the probe 'sees’ resulting in less damage to
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25 the sample.

The probe of the present invention is selected to have a low Q, ideally such
that any induced oscillation is critically damped. As described herein, the
most preferred arrangement, and one which is sufficiently effective to
enable improved tracking by means of the natural restoring force due to the
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15 It has further been observed that at these probe
tip velocities the sanple appears to be |ess
susceptible to damage than at”2®wer speeds. As the
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IS subject to less deformation and is therefore |ess
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Co@ggﬂ@ﬁﬁn EgsP9Nae shauld the probe Ieave the surface (low Q factor).
Although often referred to as a cantilever design herein, this is simply

20 because use is being made of adapting prior art AFMs to this new purpose.

Prior art AFMs make use of a cantilever probe. All that is required for the
present invention is that the probe tip must have a definable lateral position
(x, y plane) relative to the sample and free movement in the z direction. A
prior art AFM cantilever probe can readily perform this function, but it does

25 not represent the only solution.

Returning to the embodiment that includes a supporting beam for the probe
tip, Figure 10 illustrates various possible design features of more
sophisticated beams, viewed from above, that contribute to reducing the
restoring force and lowering the Q factor. A polymer coating, as described



magneti c bead are ideally of |ow mass. This naturally
i ncreases the acceleration of the tip back to the
wo YosAeR74 or a given restoring force and so bpEtRB2004/003065
enabl es the probe to track the surface. 15 The
supporting beam may be of bespoke design so as to
pronmote the ideal response.~R¥at is, to mnimse the
di recti on-dependent restoring force as a result of
bendi ng as the probe tracks the sanple and to danp the
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supportin eans forward of the substrate.
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regi on about which the cantilever beam sw ngs in an
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| ateral position of the tip is thus (;I‘ cL
is selected so that the resonant frequency of the tlp is higher than the
response time of the probe, i.e. greater than the bandwidth of the
mechanical feedback loop. This region should also be polymer coated in
20 order to provide damping in air. If imaging in liquid however the need for a
coating is largely overcome by the energy-dissipating properties of the

liquid environment.

Region 4 is the tip region. The probe tip is attached to or forms part of its
lower surface. The region’s area must be large enough for its position to

25 be determined by the position detection system, which, for the optical lever
and other far field optical systems, essentially amounts to a lateral

dimension greater than a few microns.



relative to the substrate position but it is also
permtted to nove freely perpendicular to the sanple

%Wog@&gw for small deflections. Region 2 forngct/a82004/003065
asi ¢ beam structure. It should be stiff with high
fundament al resonant frequencies. 15 Region 3 is the

bendi ng region, which permts2%he tip to nove up and

down, connect i ng the beans to the tip region. The

spring constant of this region is selected so that
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er ent
a high region of a sample surface is encountered. It is therefore only

necessary to ensure that the beam, for example by its coating, has a low Q
20 factor with respect to this mode, as opposed to the multi mode requirement

of the prior art cantilever beam.

It is to be noted that the apparatus shown in Figures 2 through 7 are merely
illustrative of exemplary AFMs. There are numerous different embodiments
of AFM with which this invention may be implemented all of which omit

25 conventional feedback control of probe height as the principle method for
obtaining an image. For example, mounting on a resonator such as a
tuning fork is not necessary. This arrangement is simply used in these
embodiments in order to illustrate the applicability of this invention to fast
scanning techniques that make use of a resonant oscillation. It is equally



way the polymer coating is fornmed on the beam surface,
which in turn affects the danping properties of the

wozos/odsexer . The advant age of providi ng a bespe&kEGB2004/003065
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desi gn of probe supporting beamis 15 that it enables
separation of the distinct requirenents for
oscillation danping and redwstTon of the ,
defl ecti on-dependent restoring force. In particular,
it can be designed such that only a dom nant node is
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providing an energy absorbing coating to the supporting beam of the probe,
other means for controlling the Q factor of the probe are envisaged
including electronic control.

In order to image surface areas larger than the scan area of the probe,
separate sequential images of different, usually adjacent, regions can be
generated and then combined to construct an image over that larger area.
Stepper motors or other actuators may be used to move the probe and / or
sample plate between the separate images before the fine positional
adjustment for each individual image. Ideally the individual scan areas are
selected to overlap so that visual confirmation of alignment of the individual

images is possible.



possi bl e to extract purely topographic data of the
sanpl e surface from probe deflection data which,

woShaeRef the frequencies at which the probepci/®B2004/003065
respondi ng, is representative of both the topol ogy of

the sanple surface and frequency of spatial features.
Al so, although the use of pieBfetectric 15 actuators
for control of the novenent of the sanple plate /
probe are preferred, other actuators involving for
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indicators include oscillation amplitude, either tapping or shear force,
20 capacitance or induced electric currents. These various modes of
operation of general probe microscopes are described, for example, in UK

patent application number 0310344.7.

The interaction of the probe with the sample surface that is exploited in
AFM also makes it possible to affect the properties of the surface and so

25 deliberately to “write” information to the sample. This technique is known
as nanolithography, and AFMs are widely used for this purpose. For
example, by application of a voltage to a conductive cantilever a region of a
metallic layer of a sample wafer can be oxidised. Another example
exploiting two-photon absorption and polymerisation of a photoresist is

30 described in “Near-field two-photon nanolithography using an apertureless



10 sanple 14 as it is interrogated by the probe 22.
Al ternative nmechanical resonators that have a simlar
wo AobhdskYo for well-separated |ateral and vertig@l/gs2004/003065
resonances can be used in place of the tuning fork.
The invention is not limted to pure AFM operation
although it is required that3here is a force
i nteraction between the probe and the sanpl e surface.
15 Thi s node of operation can however be conbined with
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t heforwsedin aanalithegraphy thie iprdke tip o1ay be elestricadly conductive, it

information , to the sanmple.  .This techni.que |s_known.
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a conductive cantilever a region of a netallic |ayer
of Bew liheoeaphyrapplisation® oxi di sed. Anot her exanpl e
expl oi ti ng two-phot on absorption and pol yneri sati on of
a photoresist is 30 described in "Near-field
t wo- phot on nanol i t hography using an aperturel ess WO
2005/ 008679 PCT/ GB2004/ 003065 -31- optical probe" by
Xiaobo Yin et aL in Appl. Phys. Lett. 81(19) 3663
(2002). In both exanples the very small size of the
probe enables information to be witten to an
extrenely high density. The AFM and cantil ever probe
of this invention can also be adapted for use in
nanol i t hography. The ability to 5 i nprove surface
tracking wth this invention not only offers the
potential for faster witing tinmes than previously
achi eved, but also offers the potential for increased
i mge resolution i.e. wite density. To render it nore
adapt ed



for use in nanolithography the probe tip may be
electrically conductive, it may be netal coated in
order to increase its optical interaction with the 10
surface or it may be coated with sel ected nol ecul ar
species for use in dip pen |lithography applications.
32 CLAIMS 1. A probe (22) as clained in claim®6,
wherei n the probe includes3 obiasing elenment (24, 50)
which is responsive to a substantially
def | ecti on-i ndependent externally applied force. 2. A
probe (22) as clained in claim1l characterised in that
t he biasing el enent conprises a magnetic el enent (24)
CLAMSHonsi ve to an externally applied magnetic force. 3.
A probe as clained in claim2 characterised in that
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2.beA peba (A2heas gaimbe in(n 1ahdrattedsed Srathipl the bidsing’elpmertt @omprises

> .
craafRus nah R T Refié BRFafludily BEREFRERCIRLT, | g
adj acent the probe tip (4). 6. A probe (22) for use in
3.am a&&m & bamee MWI@MDQW@%C@hSJth thénae lrﬁa?gs)&fca@é}yent :(tug is
pr obe risin connect e
t YN gwﬁgpﬁefgﬁs'wmrﬁfr(}??iﬁc ﬁ%fge[f’oﬁ‘ ‘'of 100nm or
| ess characterlsed in that the force sensing nenber

4. Pma)g g@b{e) ?)ﬁ’z ﬁ%@%lhﬁé’ in éé'?fﬁt'lcbrharfagt@né%@% bt tH@BxQSI?{d a&Akit ngprlses

) orce senS|Q% nber and the obe is
f LA plaftricalia pANGHCtYE EIPMbEE (5 )\%ﬁ%edsfﬁ’bj"%’lf’le"ttoﬁ tar?"e terminal of a
exgoenaligpy @pplor a@dplfing aevoltagebpasitiaighdhvasenethe prape22) and the
elth$ or both of the probe tip (4) and a sanple

t owards each other with magni t ude greater than a
restoring force arising froma displacenent of the

5. pr,Q B%bé '(12) %§ cIaIntednﬁ AREsnd brans Qﬁéﬁécﬁhg dlaimé\ cRaradigrised #) thatSthe
cl ai nmed ar ac er| up@ the force sensing
e

rretfi"’lfé}ge{??)e"t'ﬁﬁa"ﬁﬁ‘? %@a"g” rrent (22c) adapt ed

to di ssipate energy that mould ot herwi se be

6. rrelg g%ﬂh fﬂ) kot URL N SPatbRictibiGe Wr&%o;ﬁee&sfbﬁr%n@ktmy, the probe
excitation of one or nore
comprlsmg a force sensing member (3) connected to a probe tip (4) having a tip radius

of 100nm or less characterised in that the force sensing member has a low quality
factor for one or more vibrating modes of the force sensing member and the probe is
further adapted such that, when subject to an externally applied force, a biasing force
urges either or both of the probe tip (4) and a sample towards each other with
magnitude greater than a restoring force arising from a displacement of the probe tip as

it probes the sample.

7. A probe (22) as claimed in claim 6 characterised by the force sensing member (3)
including a damping element (22¢) adapted to dissipate energy that would otherwise be
mechanically stored in the force sensing element through excitation of one or more

oscillatory modes.



oscillatory nodes. 330 8. A probe (22) as clained in
claim?7 characterised in that the danping el enent

(22c) conprises a coating of a nechani cal - energy
absorbing material on at |east one side of the force
sensing elenment (3). 9. A probe (22) according to
claim8 characterised in that the energy-absorbing
material is a polymer film 10. A probe (22)

according to claim9 characd®fised in that the polyner
filmis fornmed of a copol yner W|th rraj or| ty conmponent
that is an_ anorphous rubber and

&r y$tRephe 4@ 'ﬁrcl%ma% i clkig ereIﬁaﬁeﬂseffn et meoqfam("gﬂeme"t (220)
ac c oorprises 4 coatihgpofraemé:hanical-Bnetdyeabaarbieg matedalion at leadt obdigide of
for (3) is coated with polyner by

sol gt%I %ﬁ&%’n&%eléﬁéﬁgﬂ) A probe (22) according to claim

7 characterised in that the danping elenment (22c) is

pr Oxipepe (izyac%oramg it®BaifnFdhbRBtetSed #f thitie dnefgyRbsorit Mderial is
rrenberly"g ?r having controlled spring constant. 13. An

at ofiPEY¥Y E"e m croscope (10) for inmaging a sanple in
accordance with an interaction force between the

W'W'p?ob@@) erthB% ngr?() 9 cth teﬁ%é&r IR%P@@ _?BI%IQEF film is formed of a

conpri si ng riving neans arra
pr o pa'ém?’e‘f"'ﬁ't W@r'chP&j‘tﬁ?ﬂtl'%ﬁ"b%?ms rplpber ﬁf“g@em'mmy
( 220rystatide bigassypcamponentsr f ace and capabl e of bri ngi ng

the sanple and probe (22) into close proximty,
sufficient for a detectable interaction to be .
HstAlprobe Hed) acprding dm clalmsn® onrl@ chansetetized detteat tthey force sensing

ITE G (B) &s $8atedlAstlRér bsdlRaesingdel | ection and 1 or
di spl acemsnt of the probe (22); characterised in that,

the m croscope (10) includes the probe (22) of any one
1@f Acprebent22) decordidg td dlaimAn claeramtsrised io itz thel dampingatemeat (22¢) is

Cl %J\Tlﬁigd 'bV a%&bmﬁéﬁloﬂr@rﬁ%e%fc%es@nsk% {an‘th}e(@ having controlled

? esonant ‘osci | | ator ani cal y coupl ed
toSB”'lgt?@'Ps%"he probe (22) or a san‘pl e stage for
causi ng rel at | ve oscillatory novenent between the

1r8n Q‘R at&%ﬁ for(:iory;c?ogcope mg) for maguﬁjrp ggn%lg |rﬁ arcgo?dance with an

Ccrosco I'n_accor da
wi fnteragtion forge between ha serople é"dﬁammhﬁe(ﬁz)t the miciegsPRe (amoapnsmg

Pr afing(rdeahs e, B8 JNv7o)atahged tb prdvide relhtv@ scanning motion between
the probe (22) and the sample surface and capable of bringing the sample and probe
(22) into close proximity, sufficient for a detectable interaction to be established
between them; and
a probe detection mechanism (28) arranged to measure deflection and / or
displacement of the probe (22);
characterised in that, the microscope (10) includes the probe (22) of any one of claims
1to12.

14. An atomic force microscope as claimed in claim 13 characterised by further comprising
a resonant oscillator mechanically coupled to either the probe (22) or a sample stage
for causing relative oscillatory movement between the probe (22) and the sample.

15. An atomic force microscope (10) for imaging a sample in accordance with an
interaction force between the sample and a probe (22) with low quality factor, the



34 m croscope (10) conprising driving nmeans (16, 18,
20, 70) arranged to provide relative scanning notion
bet ween the probe (22) and the sanple surface and
capabl e of bringing the sanple and probe (22) into
close proximty, sufficient for a detectable
interaction to be established between them and a
probe detection nechanism{28) arranged to nmeasure
defl ection and / or displacenent of the probe (22);
characterised in that, the m croscope (10) includes

fo&gem&ﬁg(ﬁgg%nggm@ratlng neans (24, 26; 50, 60)
arranged such

Fd; net) i
MBS E1b Ar2o7 XRERSecEl Fratised aiecrcair Haiop s figen
( 23¢ pabe l§22) \wed thetsampleasariace ad dapdbie @rbobging B2)sampla@nd probe
g?f intd Slse - p‘%( rmtga e 86t § WiehRtBR Héréé{.&{ﬁ td BE RiBPed

owar ds e or vice versa.
n1 W%@d%%"é@%ordlng to claimil5 characterlsed in that
the grete @efebtibnl mecthmima (28yBgrdrigedietot Maksures deflection and / or

sug qu% %%k%e g%geggdent of the degree of deflection

7. A microscope according to
cI q\amc@es@haﬂ@b ttf@rme@acqpﬁ (1% includercforse dhye) Fep§rafingsmeans (24,

3 piG B0, 6 Ql‘ﬁétgé@ tudh tRdGn op&ratiin0® Q)réez(%).rec{) l’soéb@l‘éd 16 Bittan dr both

%gteaé) % dgﬁ%Prgé%&gﬁzg tﬁgrbee ep %}?E S dan%lf eeprggep&E)é d'ne force

f ofFe.e:) Fidg digjclediss ag)toamgecthe piobe(22) hwa'ide she@ﬁmn@ of yeeerséx
provi ded by a deflection x of the probe (22) as it
scans the surface of the sa croscape

16acR GPIEPHYPE GO dngriol Piaieh AP &E?'é?tﬁ@,séﬂ 'P ﬁh%t HE® farffe Fsreables 2
( 2@3gritace Sipr s gbstartialst iaddpekdenhat the slebres ©f tibfotich diﬂrthd probe
1%22 m croscope according to any one of clainms 15 to

18" Characterised in that the force (Fd;flt)

generating neans conprises a nagnet (26) and a

17”3;& rﬂrﬁérb&:oﬁ‘é Séﬂéﬂﬁng(tgzlr)alm 118 GPhREEALadn itHat iﬂéeprﬂﬁ@(?@) ha23pring
0

TeoERarE FegBpe 0 prrzeren vy BF Bog et Caa AR P Fryer

methats atdeaspwitises predetrsnifesiGime8cdie, ftiwr app(il fpica (Faan) is greater than

at 5@%16%8 f@r’c@gkk rzb%wd\-’zﬁ’lbglaﬂ@ef*é&toﬂeﬁef {hgg)rcﬂfeo@ﬁ) 5d R skdhs the

e sanp m croscope according to any
cI%iﬁWT@'Eﬁ?FQ@terlsed in that the force (Fd;ly)
generating neans conprises a sanple environment which

18e. ”&0“&8‘&‘8& gcc%rdm%rtmac alrﬁ’ N7 cfl'naractensed in that the probe (22) has spring

constant k that is less than 1 Nm™.

19. A microscope according to any one of claims 15 to 18 characterised in that the force
(Fairect) Qenerating means comprises a magnet (26) and a magnetic element (24)

incorporated in the probe (22).

20. A microscope according to any one of claims 15 to 18 characterised in that the force
(Fairect) gENErating means comprises means (50, 60) for applying an attractive biasing

voltage between the probe tip (4) and the sample.

21. A microscope according to any claim 15 characterised in that the force (Fgirect)

generating means comprises a sample environment which encourages the formation of



35 0 a capillary neck between the probe (22) and the
sanple, the capillary neck providing said applied
force (Fdnct). 22. A mcroscope according to claim 21
characterised in that the force (Fdl,l) generating
means further conprises a hydrophilic surface on said
probe (22). 23. A microscope according to claim15
characterised by further cggpr|5|ng neans (80) for
i mrersing the probe (22) and sanple in a liquid during
operation of the mcroscope. 24. A nicroscope
acg Q{aﬁﬂaﬂg?é& b%{m%%mu{&pr?‘ttbaﬁgf:&%rthé §£’mblé‘ thd) @épllfa%efck) bfefiding
sensin e probe i ncludes a
dasaK ?@"%1 f@??élﬁ'fdfre(t)ZZC) adapted to d| SSI pate energy that
woul d ot herwi se be nechanically stored in the force
e S|n el enent h t
S mier ?CSP?/ accor m&%& Eznq g\llJ gparaﬁsféga i ﬂggtggér)ffr&n@fwect) gP&rrﬁmg
24mem§rfumee¢qnwaea ahydraghili¢ ﬁéfa@%mﬁwr
conprises a coating of a polyneric naterlal (220) on

at | east one side of the force n el enent .

2% 6A MGTOFPRIALCOPBR RORMCI cféefassﬂssg PR a"ﬁpHS'%'pé%% Loy for
of incheasingsthd probe (22pareh=ampletiva liqirttdunipg oparatioh ef the microscope.
conprising a resonant oscillator nechanically coupled
to either the probe (22 a sanpl e stage

24 absHioTgscrRe aACPding daelpim C@?S?Ctﬁﬁ‘-‘\f-‘é rethet tB%fq/@éﬁ”%"Wee'eme"t 3)

pr eife g%tgé (%E')‘ Ghelub&ea %all?fﬁlh@ elefh@nt (AZd’JEUhp‘téH of disiplateegrictgyghat
i m a. froma scan are
na\‘\'gﬁ%toﬁleg” 5§ g%tmuerc’ﬁ%m%’ér elrerc1j tﬁe %8‘?;% gns\mg g?mgnets(s)t frough
st exp#tatioh of ¢re)or mote gsgillatony medes. (22) havi ng a for ce

sensing elenment (3) with atip (4) having a tip
radi us of 100nm or |ess into cl ose pr. x'q}% i th a

25 afipisTasePPgr ASPIANG 9] 1YW &h ChArAGESEH T otha ¥c‘g"{p5‘gb%eme"t

estahpriseh e dodtinh we @npgynebie n(zBRipl @Ac) saatpkast ofd pide afi dierfgree
a aﬁgﬁé%%h%ﬁk£% defl ecti on-i ndependent force (Fdnlt)

o bé establishe

ed between sanple and probe (22) such
that the probe (22) is urged to nove towards the

2§ aRR bR micliboce Hicrddcose ééeéléiﬂ?d {0Ghy f%ﬁé'lﬁfﬂileﬁgs @5 tomr chfaeterised by
rrace, o

%Fg%@%rnsﬁ@kerg%%%F SC %%ec?%a I)w}]ouﬁlagpo Stha trcmjé &gbe (22) or
r eh atiinple stage fap cadsirgveletivet dseillatery eovepent be@wgn wml@ (22) and
supkag@piguch that an arrangement of scan lines covers
he scan area,

27. A method of collecting image data from a scan area of a sample with nanometric

features wherein the method comprises the steps of:-

(a) moving a probe (22) having a force sensing element (3) with a tip (4) having a tip
radius of 100nm or less into close proximity with a sample in order to allow an

interaction force to be established between probe (22) and sample;
(b) causing a substantially deflection-independent force (Fgrct) to be established
between sample and probe (22) such that the probe (22) is urged to move towards

the sample (14) or vice versa;

(c) scanning either the probe (22) across the surface of the sample or the sample



and di ssi pating energy which otherw se woul d be stored
in the force sensing elenent through excitation of
oscillatory nodes; (d) neasuring deflection and / or

di spl acenent of the probe (22); and (e) processing
measurenents taken at step (d) in order to extract
information relating to the nanonetric structure of
the sanple. 28. A nmethod as clainmed in claim 27
characterised in that the regéative notion between the
probe (22) and the sanple surface under step (c) is
provi ded by a resonant oscillator. 29. A scanning
probe bereathioogebd (22) whilst prawiding & geldtivé orotiant hebyeen dhegprobe (22)

sanpl e a%}]@%%rf e S4Bn th3 m@%npﬁts%ﬁmei Eve 8N cen area,

and an I'cantilever pro wth | ow qualit .
f act or gnq dissipatiog @ggrgbévhgza #@0%1 ib\?i ﬁ’i?je(ﬂg'ak‘? f rf% ’sensmg

18, 20elenént tidugh RgE@tidnCof psdifeiotianades;at i ve scanni ng

notion between the probe (22) and the sanple surface
and capabl e of bringing the sanple and probe (22)

i nt () cmezsaringrdsfieation gnd /zan diselagemepter e iptaba LH@Ehani sm
arranged to vary intermttently, typically on a
timescale shorter than one scan.line,.th tr.enat h .
t he(®) nPrasesRing BRAYERTRIE akeR &t ﬁ%@éma{*ﬁ%' f%§'a§AWP§E°£ﬁ§L""9
S0 t 0 witemgeomettiestractutexfitiesamplpr operty of the sanple
surface in the locality of the probe; characterised

in that, the mcroscope (10) includes force éFd;,cJ
Fenhmethior gs dlaimed i dlaim 27.qsaragterised () that therelntive LofioR bepgen the
N geey (Qﬁgiaﬁ@ the@ampleSLddte iunder Ytepl &) Is@edvided by a ckapreantiesallator.
force (Fdj,a) is applied to either or both of the

sanpl e and the probe (22) or between the sanple and
2%heA peaphiag 2By micrdseorfed(l @)gor Weiingrinformation do dispraple by megnssef an

1 0 iheREch rb%/t&@eﬁ RRe sbhgié sh@WRTAEM EdHBlcPa bR QQ)gWitrC ®w quality

versa. 30. m croscope as clainmed in claim?2

c hdPSt tB¢ MISEASCORS CORRESIHGe rel ative notion between the
OF adniging 22insan6l, 18) @0, ST0Yphangsditd proede Slavesdatting gtian between

r eﬁﬁ@ﬁgﬁe &§)Cér4dl tﬁé Qémple surface and capable of bringing the sample and probe
(22) into close proximity; and
a probe writing mechanism arranged to vary intermittently, typically on a timescale
shorter than one scan line, the strength of the interaction between the probe and the
sample and so to change intermittently a property of the sample surface in the locality
of the probe;
characterised in that, the microscope (10) includes force (Fqrect) generating means (24,
26; 50, 60) arranged such that, in operation, a substantially deflection-independent
force (Farect) is applied to either or both of the sample and the probe (22) or between
the sample and the probe (22), the force (Farect) being directed so as to urge the probe

(22) towards the sample or vice versa.

30. A microscope as claimed in claim 29 characterised in that the relative motion between

the probe (22) and the sample surface is provided by a resonant oscillator.



