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particles from a sample surface, particularly from semiconductor samples.
BACKGROUND |

In the semiconductor industry, unexpected particles due to contamination will
cause yield loss during the manufacturing process. Since a major focus of this industry is
aggressive reduction in feature size for pattern line widths, the minimum size of particles
that can cause performance loss also decreases rapidly. A reasonable estimate for a
"killer defect" size is that greater than one-third the size of the smallest feature on the
semiconductor wafer.

Although semiconductor manufacturing is performed in clean rooms with
stringent particle standards, unexpected contamination will oceur due to sources such as
moving parts, human presence, gas condensation, and chamber wear. Control and
removal of these particles is a continuous process. In many cases, removal of the source
of particles requires an understanding of their origin. Many of these particles or defects
are too small for detection in a general purpose optical inspection microscope, so higher

resolution methods dre required, using charged-particle microscopes, such as scanning
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* 23 generate inner-shell X-rays from all possible relevant elements, which, for semiconductor
24 applications, may include elements of high atomic number such as tungsten.
25 Unfortunately, this energy results in a penetration depth that may be much larger than the
26 particle of interest, resulting in X-ray generation from the sample surface. These X-rays
27 interfere with any signal from the particle, making unique identification of the particle
28 material difficult. Conventional strategies for solving this problem involve either
29 resolving the X-ray lines of different elements, or reducing the energy of the exciting
30 electron beam.

31 For example, it is possible to detect and analyze electron-beam generated X-rays
32 from a particle by measuring the intensity and diffraction angle of the X-rays diffracted
33 by a reference crystal, or Wavelength Dispersive X-ray Spectrometry (WDS). One
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24 particle of interest, but rather than detecting any X-rays generated it focuses on the

25 detection of Auger electrons ejected from the atoms of the material. These Auger
26 electrons come from outer shells and have relatively low energies. The Auger electron
27 energies from a material produce a pattern that is characteristic of each element in the
28 material, and the shape and exact energy of the Auger transitions provide information on
29 the chemical bonding of the elements in the material (such as, phase or compound
30 information). The escape depth of these electrons is quite small (a few nm), so Auger
31 analysis focuses mainly on the surface of a sample. This is an advantage for the analysis
32 of small diameter particles (<10 nni). For the anmalysis of larger particles, one can

33 generate depth profiles by using an ion beam to sputter through the particle and take
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25 second sample surface with a controlled X-ray or Auger background, and performing
26 electron beam-induced X-ray analysis or Auger electron analysis there, using any of the
27 methods discussed above. This eliminates the requirement that the analyzing technique
28 have high spatial resolution, although a technique with high spatial resolution, such as
29 EDS analysis in the SEM and SAM analysis, is generally preferred. For example,
30 techniques without high spatial resolution that could be successfully applied to the
31 situation of a particle on a reduced or non-interfering background include X-ray
32 Photoelectron Spectroscopy (XPS) and X-ray Fluorescence analysis (XRF), which may

33 offer an advantage in unique and specific situations.
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22 Figure 4 shows the method of simultaneously viewing a particle and modifying

23 the charge state of the particle.

24 Figure 5 shows several methods for fixing a particle to a second surface for
25 analysis.
26 Figure 6 shows the analysis of a particle while the particle is fixed to the tip of a

27 micro-manipulator probe.

28 Figure 7 shows the process of analyzing the composition of a particle removed to
29 a second surface for analysis. : ” «

30 SUMMARY

31 We disclose a method for analyzing the composition of a microscopic particle
32 resting on a first sample surface. Usually, the particle will be a contaminant in a

33 semiconductor processing system, although the method is not limited to those
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20 The second sample surface may be the probe tip itself. In this case the probe tip
21 is composed of a controlled background material. Due to the possibility of transmission
22 of'the energetic beam through a tiny particle, or scattering of the energetic beam onto the
23 underlying surface, it may be necessary to translate the probe tip with the particle
24 attached over a surface composed of a controlled background material, or alternatively
25 translate such a controlled background surface beneath the probe tip with the particle
26 attached. In this description, "under" and "beneath" refer to the side of the particle
27 opposite the side on which the energetic beam is incident (i.e.: the transmitted side).

28 DETAILED DESCRIPTION

29 The analysis of microscopic particles, particularly in semiconductor
30 manufacturing, is typically done inside a Scanning Electron Microscope (SEM), Focused
31 Ton Beam (FIB) instrument, or Scanning Auger Microprobe (SAM). The FIB instrument
32 may be either a single-beam model, or a dual-beam (both SEM and ion beam) model.

33 Typical FIB instruments are those manufactured by FEI Company of Hillsboro, Oregon,
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28 electrostatic charges to the probe (120) from a voltage or electrostatic charge source
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30 The shape of the tip of the probe (120) will also influence the electric fields at the
31 tip. Static electric charges on a blunt tip will exert stronger influence on a particle in line
32 with the tip than a sharply pointed tip. In contrast, in the case of a DC potential on a
33 conductive tip, a sharp tip will produce the strongest field concentration at the tip. The
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24 In another embodiment, shown in Fig. 2B, tweezers (170) connected to the probe

25 (120) grasp the particle (100) and remove it from the first sample surface (110). Suitable
26 device having tweezers (170) or similar grippers are those manufactured by MEMS
27 Precision Instruments in Berkeley, CA.

28 The probe (120) can touch the particle (100), but this is not necessary in many
29 cases, as the particle (100) will jump to the probe (120) due to the electrostatic
30 attraction. The electrostatic field is controlled by surface area and therefore enhanced
31 with a blunt tip on the probe (120), or the blunt side of a particle (100) or the probe
32 (120), whereas DC potentials are enhanced by a pointed tip that concentrates the field
33 lines. Figs. 2C and 2D show examples of strategies for particle (100) attachment and
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25 each line that characterizes traditional analog scanners. So the operator, or the computer
26 program controlling the scan, can determine the dwell time on a per-pixel basis. For -
27 example, a box covering the particle (or the exact outline shape of the particle) can be
28 programmed with zero dwell time, and therefore blanked during the scan. Any dwell
29 time can be set up to the maximum time allowed by the line rate to avoid image
30 distortion in a single scan. It is also possible to alternately scan around the box, and then
31 scan in the box with different parameters, and do this so quickly that the human eye

32 would not see an interruption.
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26 nanotube needles. Any material whose X-ray background does not interfere with the
27 typical materials in the fabrication process may be acceptable for the second sample
28 surface (150). In some cases, the second sample surface (150) may be a different part of
29 the first sample surface (110). In other cases, where the composition of the particle
30 (100) is partly known or suspected, the material of the second sample surface (150)
31 should have a background signal different that the signals expected from the particle
132 (100). Care must be taken that the choice of the second sample surface (150) does not

33 obscure possible signals from contaminants from outside the fabrication facility, such as
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25 Fig. 5D shows a wrinkled surface (220) on an insulating second sample surface
26 (150). The wrinkled surface (220) allows an increased area of contact between the
27 particle (100) and the second sample surface (150), thus changing the electrostatic forces
28 between them.

29 Fig. 5E shows an electrified pattern (230) written on the second sample surface
30 (150) by the charged-particle beam (140). The electrostatic field of such a pattern can
31 assist in the transfer of the particle from the probe (120) to the second sample surface
32 (150).
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probe tip material, as discussed above, placing a low-background or non-interfering
background material under the probe (120) during this analysis, or by dropping the stage
and all other hardware from near the probe (120). Removal of the particle (100) after
this step can be performed destructively since the particle (100) analysis has already been
done. Example destructive methods might include inserting the probe (120) in a plasma
cleaner of some kind, rubbing the particle (100) off on a mechanical transfer structure

such as a V-groove, irradiating the probe optically either in vacuum or after exposure to

the atmosphere, or ablating the particle (100).
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21 Since those skilled in the art can modify the specific embodiments described
22 above, we intend that the claims be interpreted to cover such modifications and
23 equivalents.

24 We claim:



el ectrostatic forces in the particl e-probe-sanpl e

surface systemfor attaching the particle (100) to the
wonreiza2§2220) can al so be used to renove the paPCTIS2004/018206

(100) fromthe probe (120) and attach it to the second

sanmpl e surface (150). In partigular, the voltage or

charge source (130) may generate a rapid transient or

resonant phenonenon, for exanple, by rapidly swtching

stored negative charge froma capacitor through the

probe (120), or by a tinme-va@DAIMS vol tage, such as a

square wave or pul se, Eplled to the probe (120) from

It I]te sohreethed fu)analxang ihe Aepporitigraet # drEicks the, particle resting on a

rf.orned with the
2 pag‘tt%j?hlfp%e %%%’Q@érp%@?{ﬂééﬁﬁnﬁ%th%%g E ip (125), as
3 shown pdiitionfhg sbmicidingniphlator @foBéQiéEuSﬁte pafield, theprdbe Biving a tip;
or Auger electron _generation fromthe probe tip (120)

4 t sel fattachipg the; ¢@wﬂmgm§mgma|s can be reduced by

elther usin alow- roun on| er, )
5 backorBUTE ey et HRHeEp SR ANy Mert e i dugple surface;

6 di SCUSREVARINEparfitla GoRktha p tdvé/'ti?ﬂ‘élﬁg#’e@éﬁmsaﬁ%le surface and,
non-interfering background material under

7(120) ahelyzing theonposition oif the partidls oxl ﬂt@mpctmgl aamefesﬂua‘gee,

s Feist e 3%0'?’?35155%% it (300 SotprolR PRPERGs, Sgl) pging analysis
9 Rekh{itd fPte BEFialisiRbYofShO Rt Eﬁ%c@.a” icle (100)

anal ysi s has al ready been done. Exanpl e destructive
nmet hods m ght include inserting the probe (120) in a
plas cl eane f I ubbin he particle
%mﬁﬁ-é ﬁg WHH@P@P“%P Bt ure such as a
V-groove |rrad|at|ng the probe optically either in
vacuum or after exposure to the atnosphere, or
1 all. at i Fig méthogpaf ¢laial bedriiddputlinaalabyymhowever, the
particle (100) wll be analyzed on a second sanple
surface (150), as depicted generally in Fig. 7, where
t P
1 Pt bod 0 PR M ladht, moved, i rmoved wii
2dnng1ﬂh@ﬂ&dm§mn$kbﬂoﬂMQam el ectrons or X-rays (180)
for conmpositional analysis, by any of the nethods
described in the Background section of this
1 appl i ol Iﬁ{‘tﬁ lgifn f bfgathe hgl%cfeel %a&@ﬁ,ﬁh&{&? and removed while
denot es el u er electrons or X-rays. al'yzing

2HEBQQQEMm@H©y@ﬁuhh&mpfobe tip The second sanple (150)
surface may be the probe tip (135) itself. In this

case
1 6. The method of claim 1 where the particle is atteched, moved, and removed while

2 being irradiated by a photon beam.

1 7.  The method of claim 1 where the second sample surface is a portion of the first

2 sample surface.

1 8.  The method of claim 1 where the step of moving the probe and the attached
2 particle away from the first sample surface comprises:

3 fixing the location of the probe;

4 moving the first sample surface relative to the fixed probe,

5 so as to separate the first sample surface from the probe and the attached particle.



the probe tip (135) is conposed of a controlled
background material. In the case of a analysis
wonsdsriasent such as SAM or FIB in which i on beaar/us2004/018206
mlling of the surface is possible, the surface of the
probe tip (135) can be ion ml{:ed prior to attachnent
of the particle (100) to the tip (135) to reduce
signals fromthe native surface coating and debris on
the probe tip (135) surface. Due to the possibility of
1t ransiiss nethodf off bieinernewderci the beasad diple tsarfacegBomprises material
tiny particle or scattering of the energetic beam
2 (hewng agratmic EmMbaless thamer equektacdle: it nay be necessary
to translate the probe tip (135) with the particle
(100) attached over a surface conposed of a controlled
1 baek gr o ehettdidess alhim Ar whéedeeths adetored ¥ lﬂan;aﬁatee cSiiplise8 material
control | ed background surface beneath the probe tip
2 (Itaxslg afpackgroned pignal idiffesent tivoy that efthe signals pxperied to be generated by
des LBELO nder" and "beneath" refer to the side
W@ tg}ﬁmgp "(100) opposite the side on which the
energetic beam (140) is incident (Le.: the transmtted
side). Since those skilled in the art can nodify the

1spdei fThe matbodiofehin lowhere ithe step o6 attaching thﬁmﬁ@plt Itrathe probe tip

2 St TSR S HEL P S, SRR OEERRER e pro
3 afidlpazidlg the conposition of a particle; the particle

resting on a first sanple surface; the nethod
conprising the steps of: positioning a

neleh gt TRYodzh SRRT 10 PRG® ghy cHERERart o leclReBEe dpes furher

2q9Mhﬂge§he probe and the attached particle away from

the first sanple surface; renoving the particle from

3the pra:oiijlesting ptlt:o epergp cof chns @npigetics ubcha encidentl, on the particle to
analy2|n osit on af theiﬁartic

4second” taec ppigle the feel sawple s%irf%% and theprgbe tip so
has a I (AVE-Y

el at .a&é‘ﬂ%%&iiﬁ%l %%%%39%%‘3%2’@*%%%@9@% ald the probo tip and

6 sur f ade. créate Tdre eleetr dtaticofepalsmnnbetwear thee firso uhmple surface and the
at nosphere. 3. The nethod of claim1 carried out in a

7 vacuurkarticle.

1 13. The method of claim 11 where energetic beam is an electron beam.
1 14. The method of claim 11 where energetic beam is an ion beam.
1 15. The method of claim 11 where the energetic beam comprises photons.

1 16. The method of claim 11 where the adjustment of electrostatic forces further

2 comprises:

3 the particle having an electrostatic charge; and,

4 depositing a conductive material on the first sample surface

5 to distribute and modify the electrostatic charge of the first sample surface at the

6 location of the particle.



4. The method of claim 1l where the particle is
attached, noved, and renoved while being irradi ated by
wano@iies2r on beam 5. The nmethod of claim1l whecgushm4/018206
particle is attached, noved, and renoved whil e being
irradiated by an ion beam 6. jthe method of claim1l
where the particle is attached, noved, and renoved
i1 e ' | r ad -
op A B8 DRkl 3%ghets M B0 G ol BEpdL o e
2 phandplesurfate Edimprises polasaibil molseuiésace. 8. The nethod of
claim1l where the step of noving the probe and the
attached particle away fromthe first sanple surface
c ri-ses: [ e he-
17 B gl AP 15 Qe Ok nchly bR, HRLAEL on the fir
2 qefaceRanavepdrited toddictiafilpl. e surface fromthe
probe and the attached particle.9. The nmethod of claim
1 where the second sanple surface conprises nateria
hay ng~an 1.6 N [ han.or I .1 .
1 T8 el o aF o Y6 heBaRe BBt oG shBokivs Hreria on the
2 CRBahipRSsUMRESEdiAprisef BoiBardinD WK BisOsbhS sBMARE with a directed jet of a
different than that of the signals expected to be
3 (easeangl dedoposingithy gas wigh an lgeergeticbesive. 11. The met hod
of claim1l where the step of attaching the particle to
the probe tip conprises adjusting electrostatic forces
1t @0CT epheEmatRod bt Elad 1Y WhERMBE et dR Bearth RarPEIoR R AREm.
particle. 12. The nethod of claim 11l where the
adj ustnment of electrostatic forces further conprises:
adj.usting the. eper f.an energeti ¢ beam incident on
Lo P iearSd SPERBLIS boeR R e bR e B85 B ol o,
the first sanple surface, and the probe tip so as to
create an electrostatic attraction between the
1p@22 i cTle mettiod hEclpimp bt wherne thnehergeticrbeamneomprises photons.
el ectrostatic repul sion between the first sanple
surface and the particle.

1 23. The method of claim 11 where the adjustment of electrostatic forces further

2 comprises:

3 rastering a energetic beam over a field of view that includes the particle;

4 programming the raster scan to have a pre-determined dwell time and location,
5 where the location includes the location of the particle,

6 so as to impart an €lectrostatic charge to the particle.

1 24. The method of claim 23 where the energetic beam is an electron beam.
1 25. The method of claim 23 where the energetic beam is an ion beam.
1 26. The method of claim 23 where the energetic beam comprises photons.

1 27. The method of claim 11 where the adjustment of electrostatic forces comprises

2 controlling the surface area of the particle exposed to the probe by applying the tip of the

w

probe or the side of the probe to the particle to achieve attachment of the particle to the
4 probe.



13. The nmethod of claim 11 where energetic beamis an

el ectron beam 14. The nethod of claim1l where
wenersges2c beamis an i on beam 15. The net hodprof/usk@iunis206
" 11 where the energetic beam conprises photons. 16. The

met hod of claim 11l where the gdjustnent of

el ectrostatic forces further” cohprises: the particle
having an el ectrostatic charge; and, depositing a
conductive material on the first sanple surface to

dh st riruLeaRach Madn’ ¥ whbR @k &t asdtikhitg thapaidicR to tthe probe tip
frrst sanple surtace at the |l ocation of "the

pepiieh adjbsting BRCridshotiage betwedmihé frobieend thenfirst sample surface.
conductive material deposited on the first sanple

surface conprises polarizable nolecules. 18. The

ho i ! Mg TR BhrtiBle to the probe ti
ggéb'osi ng(r]negﬂho%t e&%mghggﬁgwdg [ % anEevlago?at%gm ° P
eomphsek gRpibp i patcle With tweedessd of claim 16 where the

step of depositing a conductive material on the first
sanpl e surface conprises bonbarding the first sanple

surfa i i[-ec ' ! : '
PHR oS LA Sl ey B0 FRR051 09 e
cbbfRed AhvPRIR tiplRviapanadhdstvebeam i s an el ectron beam

21. The nethod of claim 19 where the energetic beamis
an ion beam 22. The nethod of claim 19 where the

epgergeti c_beam ri SEes 0 .

SR8 O3k Sy AR50 PROKEEfr byl TR o o o
e debid SRMPRY §uEfSe chBpliRE hijgstigeNDICUSiAY voltaga etowen tie probe and
field of view that includes the particle; progranm ng
theesecarst samplcamface have a pre-determined dwel | tine

and | ocation, where the |l ocation includes the |ocation

of the particle, so as to inpart an electrostatic

Char 9&hk et PRNdiCl ®herd4he StBE ofRIinbathethe phifticly) Zain the probe to

where the energetic beamis an el ectron beam 25. The
et seocnddanpleasumiag@cahpises aprdying e tigest vagyine aetential 4 thegpobe.
beam 26. The nethod of claim23 where the energetic
beam conpri ses phot ons.

33. The method of claim 32 where the time-varying potential is a pulse.

34. The method of claim 32 where the time-varying potential is generated by rapidly
switching stored negative charge from a capacitor through the probe.

35. The method of claim 32 where the time-varying potential is a sinusoidal voltage.

36. The method of claim 1 where the step of removing the particle from the probe to
the second sample surface comprises adjusting electrostatic forces to create a repulsive

force between the probe and the particle.

37. The method of claim 36 where the adjustment of electrostatic forces further
comprises:

adjusting the energy of an energetic beam incident on the particle to

electrostatically charge the particle, the second sample surface, and the probe tip,

so as to create an electrostatic repulsion between the particle and the probe tip



27. The nethod of claim 11 where the adjustnent of
el ectrostatic forces conprises controlling the surface
wane@/ 10522t he particl e exposed to the probe by applugeieg018206
the tip of the probe or the side of the probe to the
particle to achieve attachnenjgof the particle to the
probe. 28. The net hod of cIain1§ where the step of
attachi t ' j [
6 a0 usthee SRECH eGSR b Rh IR Avng SRR surface and
7 first ygapmligesurface. 29. The nethod of claim1 where
the step of attaching the particle to the probe tip
conprises grasping the particle with tweezers. 30. The

ROl PR BB BRSO L

havi ng an adhesive. 31. The nethod of claim1 where

the step of renoving the particle fromthe probe to
1 t R8. sdhomabtlahef] daimi7felsse eeargetichesmdgiprionihegma DC

bi as vol tage between the probe and the second sanpl e

surface. 32. The nethod of claim1 where the step of
1 ' Q0DViThG rhdifodod¥ ddifl 7 WhQE e @eielb Bedn? coihifrises GR6ENs.

sanpl e surface conprises applying a tinme-varying

potential to the probe. 33. The nethod of claim 32

re.the tine-varvying patentjal .is a pulse. 34..The
! i hod ;e i dp v 14 gyl b ShsaifSiogs forther
i8dse iR 1S ' eNaAAt HMRsHIAAT & Ronductive
:2%§gﬁ?§%c§%g%??§$ thrgug%%%%gB%?%%g&Q%Si The %ﬁ%ho of
3 ohaérinl 32 thvhecend septlé sefaga ty distrituitst @k ingdlifyi thegharge on the second
Si nusoig%al vol ta&f. 3?. The .rIet hod of claim1 where
4 spaplesaHacsrat thegeatioq of e RAHE!e-cl e from the probe to
t he second sampl e surface conprises adjusting
el ectrostatic forces to create a repul sive force
1 bdpwe &rhetihethgud obelamnd1 twhergthet donthective Znatdiied dapasited oofthe second
claim 36, where the adjustnent of electrostatic forces
2 fspioplespriacsRompsises P‘ﬁ%}]‘@@@irﬁge‘i <energy of an
energetic beamincident on the particle to
el ectrostatically charge the particle, the second
1 sanp! ereundthed of i #heviprotie donguctive mmeriah depesiteé oarthe second
el ectrostatic repul sion between the particle and the
2 spwble surfpenis an evaporstebcandueivedilost ati ¢ attraction
bet ween the second sanple surface and the particle.

1 44. The method of claim 41 where the step of depositing a conductive material on the

[\S]

first sample surface comprises bombarding the second sample surface with a directed jet

W

of a gas, and decomposing the gas with an energetic beam.

1 45. The method of claim 44 where the energetic beam is an electron beam.
1- 46. The method of claim 44 where the energetic beam is an ion beam.

1 47. The method of claim 44 where the energetic beam comprises photons.

1 48. The method of claim 36 where the adjustment of electrostatic forces further

2 comprises:



38. The nethod of claim 37 where energetic beamis an

el ectron beam 39. The nethod of claim 37 where
wenersges2c beamis an i on beam 40. The net hodpPof/usk@iunis206

37 where the energetic beam conprises photons. 41. The

met hod of claim 36 where the_igLustnent of

el ectrostatic forces further conprises the particle

havi . el i h . L '
5 Condudtimshe B pf A ofE AR B0\des B i
4 di St rigsskiremaith the dhstet sthtBtochinitiien pre-deb@neRdaivebisan®hl location,

surface at the |location of the particle, 42. The

5 met hodvhste e docatian includes deteration afithe attisloat er i al
deposited, on the second sanple surface. conprises

6 pol ar 945 SR HGErosHEC Hirke {HbRB8TSR" Cl ai m 4 1
where the conductive material deposited on the second
sanpl e surface is an evaporated conductive film 44.

1 THB. ndibkmattiodd of ciim 481whdre the enbrgetic beanpis atelastion bagma
conductive material on the first sanple surface
conpri ses bonbarding the second sanple surface with a

1 dispectigd megﬁocpéf&aiﬂ@% wRH 1RR58PHRAS b8 1A iS@Beath.t h an
energetic beam 45. The nmethod of claim44 where the
energetic beamis an el ectron beam 46. The nethod of

cl ai m_44 where e energetic beam.is an ion.bea 47.
Ty s AR B A e T A e
conpri ses photons. 48. The nethod of claim 36 where
the adjustnment of electrostatic forces further
1 coapr iBeanethsd ef tlain & vérer thetsecorblesampdy anrfaae tompdsesfan adhesive,
view that incluydes the particle; progranm ng the
2 doiengpgiag the RAtiE%hi bit a pre-deternined dwell tinme and
| ocation, where the location includes the |ocation of
the particle, so as to inpart an electrostatic charge
1 t 331 heTheandthed of cldfn 1 Tiererdicdwedomf savhpid surdfte Wae be elakic modulus
energetic beamis an electron beam 50. The neth %@of )
2 dowicamperedfie the qomwplianserqidig probeand ths clgtic @ﬁdﬁle&ﬁf the particle.
The nmet hod of claim48 where the energetic beam
conpri ses photons. 52. The nethod of claim 1 where the

1 Seqondrizandhed sfiElhiac € wherdthe S&ndRadpleasat e is fidulating; the second
engagi ng the particle. o L .
2 sample surface having electrified patterns written into it; the charge of the electrified

3 patterns being opposite to that of the particle.

1 55. The method of claim 1 where the second sample surface is wrinkled.

1 56. The method of claim 1 where the step of analyzing the composition of the particle
2 further comprises:

3 irradiating the particle with an analysis beam; and,

4 detecting emissions from the particle.

2 57. The method of claim 56 where the analysis beam is an electron beam.

1 58. The method of claim 56 where the analysis beam is an ion beam.



53. The nethod of claim 1 where the second sanpl e

surface has an el astic nodulus | ow conpared to the
woanplizance of the probe and the el astic nodul BeTaK200M018206

particle. 54. The nethod of claim1 where the second

sanpl e surface is insulating;,the second sanpl e

surface haV|ng electrified pa% erns witten into it;

t rge electrifj at.terns hei n te

1 1 85+ ndbe Bt Tidish ehere e anfidhi Blalie o BRASH
mhere the second sanpl e surface is winkled. 56. The
met hod of claim1l where the step of analyzing the

1 c60podhe nmthcmtfoﬁcﬂmmdawhﬂc Itlee $agondheamplo mpiics dssself-supporting, but is
|rrad|at|n the parti h an a si s beam and,

2 e gV go g &Bﬁ}‘\ﬁj{ ﬁ%ﬁbf?q?e *57. The net hod
of claim56 where the analysis beamis an el ectron
beam 58. The nethod of claimb56 where the analysis

1 beam iThe arethodo fladnm 158herd He seeerivodnple wirfacerisB@ompusrsgrface.
the anal ysis beam conpri ses photons. 60. The net hod of
claim1l where the second sanple surface is

1 S@hT- qgétfx«') 8{ mﬁ} hdrD| 't b&bAd is¥BpleQuthte i is thm relative to the
penet i'on dept h e an ysis beam 6 1.

2 %eﬁﬁﬁﬁmﬁﬁqahafﬂkinmhﬁﬁeemhﬁnﬂemmmmo&amnmﬁeswﬁtaaemn@oamibyan
porous surface., 62. The nethod of claim 1l where the

3 smdohingskapiveorkurface is thin relative to the
penetration depth of the analysis beam and the second
sanpl e surface is supported by an underlying

1 T 6ame vk knethddl of dkamra2t wisde dfe wideilying fambeork i herid.
underlying framework is a grid. 64. The nethod of
claim1l where the second sanple surface is the probe

! :6Qt hgﬁlﬁ ép%q@%ﬁi of ¢ gﬁnslt %Rergfthé‘?&'oﬁa' Ql?l G BOTROGE rS’lEb tip; and,

rses ana e conposi ti

tvﬂi%rep e bt@h &f Qﬂlalyﬁﬁg ahe bﬁnipbﬁtlol@ of ’dﬁh @aftitld106mpfises | @lalYng the
where the probe and the attached particle are noved

3 amauowltl@lmofiﬂnepaﬁwhOIls@nm@eéWﬁace by hol ding the
position of the probe fixed and noving the first
sanpl e surface away fromthe probe and the attached

1 PRBLI R method of claim 64 where the probe and the attached particle are moved
2 away from the first sample surface by holding the position of the probe fixed and moving
3 the first sample surface away from the probe and the attached particle.



