2 7 APR 2005 DEVI CE AND METHOD FOR THE EXAM NATI ON OF SAMPLES I N A NO\
VACUUM ENVI RONMENT USI NG A SCANNI NG ELECTRON M CROSCOPE Fi el d of the

| nvention The present invention relates to a device and nmethqd for the
exani nation of sanples in a non-vacuum environment using a $daARR 2805

el ectron mcroscope, and nore particularly but not exclusively to the use
of such an apparatus and nethod for inspection of objects in a wet

envi ronnment. Background of the Invention Optical mcroscopy is limted, by

the wavel engtiiof ANIOMETH®D FOROTHE EXISMVINATIONN OF 3AGEPIHS BN Awwived, and
usual | y hundr eds nanonet er. Scanning el ectron m croscopes SEMs) do

of
not have t hYACPPM EXVIRANNHEN B VS ING KeS tAINGERES TRONMACROSCPRE gher
resolution, in the range of a few nanoneters. One of the disadvantages of
SEMs is that sanples have to be maintained in vacuum precluding the study
of in-vivo processes or the stddsldefthodnventignerials. Furthernore,
el ectrical ly i nsuhatj&entSARIESERANO2EVied aRll HaRd Crof e @khdingtidnesfui r e
coating to avoid charge accunulation. As early as 1960 a thesis by Thonl ey
(Uni ver si S§TRIFS BB BRI $OEI9mery| uSiag assé@mmss%é%s@fcmm%t #preet o
mai ntai N @asedaebd: AbeRdedvdIPto @t @&tcff@lﬁbh%@l&&%ﬁ&%d i3 tho@orahdpsioher e of
wat er vapor. A menbrane is used to seal a chanber -fromthe vacuum of the
el ect ron BEAUTLBE PREFEAIMEE itself has an inlet froma source of water
vapor. Attenpts to use Electron Mcroscopy for living speci nens go back as
far as 1970. A paper by Swift and Brownf J.. Phys. E: Sci. Instrum 3, 924,

1970) disclosed the wuse of tra 5 & m croscopy (TEM for
exam nation of spegtalBiGosabpy e liRREd) DS kHeGraREl faighf, @ re®haivpd & tha water. A
cell having an a}%%rt re sealed with collo ion-_carloon filmis used to
nount a s’ﬁ‘ﬁ%ﬁ of a Iypdred.aod usially dupdreslscd d@nqmiesy §FRRpHE S S PISFEPE stri ke t he

sanpl e. a@EM) 86 hétdate BRUINGLORPAM dyatld e a8aARenstenblyhitet @sautioaci nti | | at or
where photons are Eroduced. At at nospheric pressure the results were found
to be "rAIAESE &P RPYRTHGh a resolution of 0.1 mwas clainmed. US Patent

4,071, 766 descri bgsofiie Alsh@®aMhgds Of $ER1:G BGE §21pleNheveOSIRAYaikt@ineéEEm Mmat eri al
in a non-vacuum envjronnment, and refers to the inspection of living objects

as "an e\PERTH RIEGYYHG Hr B R . N TEC PRIPRES 195, 1 Py, B39 BLEF Bes a

further atk@eRore BedtS®Ily insulating samples composed of organic materials require coating
to avoid charge accumulation.

As early as 1960 a thesis by Thomley (University of Cambridge, 1960)
disclosed unsuccessful attempts to maintain a sample intended for electron microscopy in
an atmosphere of water vapor. A membrane is used to seal a chamber from the vacuum of
the electron beam and the chamber itself has an inlet from a source of water vapor.

Attempts to use Ele'ctron Microscopy for living specimens go back as far as
1970. A paper by Swift and Brown (J. Phys. E: Sci. Instrum. 3, 924, 1970) disclosed the
use of transmission electron microscopy (TEM) for examination of specimens at
atmospheric pressure, for example in water. A cell having an aperture sealed with a
collodion-carbon film is used to mount a sample. An electron beam passes through the
aperture to strike the sammple, and electrons not stopped by the sample continue to a
scintillator where photons are produced. At atmospheric pressure the results were found to
be “rather noisy” although a resolution of 0.1pm was claimed.

US Patent 4,071,766 describes an attempt to use electron microscopy to see
material in a non-vacuum environment, and refers to the inspection of living objects as “an
ever-recurring problem”. US Patent No. 4,720,633 describes a further attempt to use

electron microscopy to see material in a non-vacuum environment. In both of these patents



el ectron mcroscopy to see material in a non-vacuum environnment. In both of
these patents | 2 7 APR 2Mb the el ectron beamtravels through an aperture
to a wet specinmen. Neither of these attenpts succeeds, however, in
successfully viewi ng wet objects. The contents of both of thegsgprdgguments
are hereby incorporated by reference. A commercial product which attenpts
to solve the above problemis an Environnental Scanning El ectron

M croscope (ESEM, commercially available from Philips Electron Optics of

Ei ndhoven eﬁle%tr&‘?%%{_%@élgﬁlrou‘é@ hx? Ebég%%w% A5 BeMAE “igéﬂhgf S’f%ﬁ@&tte%lg%”g the

el ectron beam pat wever ‘ESEM requi res wor anple at a
critical peseesds, diOW\mftrem-S\}d&@@ﬁrfulb'qui?\l\/ingrwemmbjeatﬁdTheeqmtqn@sofc@& phiiest t he

sanpl e todocgﬁlgﬁpgreﬂgeb)j n %&Etk@ﬂ&x@feré@@c' nmens at pressures of up to 5 Torr
is said to be possib wever, so far there is no evidence that wet

and/ or |iving ob}‘\ee@gmﬁralﬁl brodydt eviieh attemptedolsalve dhs 2bgvel mpblP@NE a5el ow.

Furt her 'Bﬁ@lroﬂﬁgdtﬂns&ﬁmﬁth'lﬁecHEQqMﬁPos@d%g (}%@WM) c%ﬁqgélaﬁﬁrhvalpi%lef Qb'rﬁd in US
Patents 5, 250,808, 5 964, and 5,4 the contents of which are

her eby i n@b?ﬁﬁoﬂé?% @tl%e?%ﬁéﬁh@en ATk Rfethsriprss hpdichf maiphine i H§URRgh

resol uti ofadifls REmE O RE-QY B3R Eatﬁmﬁg\%vef Sthe FSBNE MRLsORorkng ClifPR
M croscopy (TEM. TEM requires specially prepared speC| nmens - havi ng typical

t hi ckness®@splert ¢ ﬁ@lqﬂbmgfé opaBOYARPI U drymhingheqries engeng of thpipEdot o creat e
a paral | ghyReam ﬁﬁﬁéch@@@p%@mh@ﬁsoﬂ%esw}% m% TdSisRak@Pbhe %0&@@3 087, the

contents of which are hereby incorporated reference, discloses a
speci men HOtdPhge duvipere if 89 cliglencqithd veet a’FE’M inng PRISFiEEA be VEESHEd bet ween

two fil MeedoRaibnsadra 0aRlagd bQod. rf%'?bﬁépIﬁfoﬁﬂatﬁh%ﬁttﬁ@f)rogﬁ%d hoWR wohks@kh or of the
device is filled with npbisture an | aced within the vacuum

envi r onmPstiowid pHE Trmts A250803, ﬁ#@%%%em{;y Aboahh tireaspaieats oh PBIRGHTE he

speci men 1gRgy m&{ﬁ&g@g]%ﬁgﬂdcyl d leading to a poor signal to noise ratio, as
wel | as consi der abl ge to the sanple. The information nade avail abl e

by EMis usual |y W@V@H methyeofigghiptippich reselinnawsci{onel Pl ™A@ i f i t hs
(2001) Trendsisiibn ERkdoBl @ x,r&gypy E(E\Fﬂ%l\/fb 3 ]réfb)ms Jﬂl@mﬁﬁ?f@paré@?p%@ﬂleﬁ@r t he

preval ent underutilization of is the conplexit pr epar ati on.
that is HOHHPglHBEESSEHOdiFsTREs cAA0RTR | ﬁ-e«ewa%wﬁltﬁ%e is BRAIR{OSEEA A ses

concer Ns phega ber that fi8ses BB GeCRinplee NBVIRIRGE 5 @b6, §47E the @Skt Sof wiHieh ability to
carry out EMin an aguequs _envi ronment  woul d obyi at e ”} se pr&bl ematic

sanpl e pftlgd'jéfea¥ Iubtﬁrpglf gaéay reference, discloses a specimen holding device for use ‘wi
TEM. A specimen is sealed between two ﬂlms that are able to transmit an electron beam.

The interior of the device is filled with moisture and may be placed within the vacuum
environment of the TEM. A very high energy beam travels through the specimen and -
surrounding fluid leading to a poor signal to noise ratio, as well as considerable damage to
the sample.

The information made available by EM is usually unavailable by other
techniques (reviewed in Griffiths (2001) Trends in Cell Biology, 11:4:153-154). The main
reason for the prevalent underutilization of EM is the complexity of sample preparation.
that is not only labor intensive and time consuming, but also raises concerns regarding the
biological relevance of the results. The ability to carry out EM in an aqueous environment
would obviate these problematic sample preparation steps.

At present, therefore, despite a long-felt need, there is no microscope that
permits the study of wét samples at resolutions showing macro-molecular and molecular
levels of detail. Such an ability is needed in fields as diverse as cell biology and polymer
science as well as industries such as petroleum, food and microelectronics. In particular in

the field of cell biology, such a microscope would enable analysis of cells leading to
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At present, therefore, despite a long-felt need. there is no m croscope
that permts the study of wet sanples at resol utions show ng
macr o- nol ecul ar and nol ecul ar |evels of detail. Such an ability is needed
in fields as diverse as cell biology and polymer science asyweAdr ags
i ndustries such as petroleum food and mcroelectronics. In particular in
the field of cell biology, such a mcroscope woul d enabl e anal ysis of cells
| eading to 2 7 APR 2005 neasurenents of nol ecul ar | evel processes and al so
opening a whole new field jn armaceuti.cal drug di scover di agnostic
measur erren?‘?asf%?engsx IFrpnfoé?C‘lfélﬁ %Vggpmﬁ?séefo?go%seo %eﬂﬁlé %IVT%S\}/%/ [c’*lée/‘ A% d study and
di rect obsermattwinalofrug ntiepeact iaahsdilpabseemneasaeniegs. afdr lekamplg weblas. Summary
O The Invention It j.s an j.ect _of the.present .invention to,provide a
chanber  aaasrate plplcal® GRS Bl sl SPERabn M SRob oL i
enabl e el ectgsend vicg @copy of wet sanples. In accordance with a first
aspect of the present invention gﬂg&gﬂhffﬂ&qvhglgna chanber suitable for
use with a scanning el ectron nicrUSCODET—sa%H—@ﬁanber conprising at |east
one aperture, whitchamegbgrct afitike presesteasleeiibnvib plovide arelintban edapgdifd usenbr ane bei ng
adapted to w.thstand vacuu and. bei ng .transparent to .electrons and
wher ei n sg\flt\cfi\‘nd S(C:aﬁlglrrtlﬁglrealmé? rfngrg%gé? %gh af \Fvgfn%ngbé? e ec\}rzg lrjnlﬁcr{? Scﬁ’?yecft&ea%alm (,Pe@’t he chanber
i s adapt ed t o holld ay@tdenceoritlanyirsagipeaus thwgdesam inventiad theieng piowtdedet i m ted
to cell ¢ re. medi at..substantially_ atnospher] SSur e.. referably,
t he apert gllrlaé%seg%%mg}ﬁe E{EHL lf%gltlﬁﬁ%?nél}feflechgas/méc “Or e ang%\%\nlgg ?icﬁmf)ﬁséng alr?ange of
0.1 to 4meastRmefapedbt,ywhitheprendisastalethagthaa ivinblkaneswid yemgragelbsinant i al |y
within th of - 5000 re oreferabl S e of 500

d V
2000 43098 g0 F00 oo BLELREPRL YCLRLYSRE e S0 o 500
pr oper t i eshambgui seldtedfromiyeidvenbmane, whi ch constitutes a nmain el enent of
the present inventio i.pclude the i1t Qo withsta Sure
differential of B%Eeﬁa;%'(ljyﬁ neaflge!ﬁm%er()%ead%?qﬁ%gop OelErl ewagéléto\fveme1 4 %egugé%g%%’ of the
el ect r on mwrlofiogbopet lamedtihes!] celtwE medimpndt seonbtallinedhosptient presduee. chanber
seal ed by said LY TN I =I J i gh.f.oL:.ener geti.Gnel ectrons
to pass thr oughng%%'}lﬁa}’t?é?“a t('l—r\s{\fietS alét:cﬁ%}; Ehgqrrrﬁelngo@%ré’o%sdﬂegmﬁ% I'E h:ﬁn1 tPue chanber.
Any nater@@&*ﬁPﬂHOEMEBe attributes may be suitable for use in accordance
W th the princi pbeg By, HEndHiSEHhs 4 WEGAL Qg HEGA AN YihA FHRRENL]Y

preferred
of 200-5000 A, more prefarably between the range of 500 and 2000 A, and most preferably

berween the range of 500 and 1500 A.

The properties required of the membrane, which constitutes a main element of
the present invention, include the ability to withstand a pressure differential of
approximately one atmosphere between the vacuum of the electron microscope and the
environment contained within the chamber sealed by said membrane, while it is thin
enough for energetic electrons to pass through and interact with the sample provided
within - the chamber. Any material with these attributes may be suitable for use in
accordance with the principles of the present invention. According to currently preferred
embodiments, the membrane material is selected from the group consisting of polyimide,
polvamide, polyamide-imide, polyethylene, polypyrrole and additional conducting
polymers, parlodion, collodion, Kapton, FormVar, Vinylec, ButVar, Pioloform, silicon
dioxide, silicon monoxide, and carbon.

Preferably, a sample is placed in proximity to the membrane. Alternatively a
sample is mounted in contact with said membrane and this gives the advantage that the

electron beam has to traverse a minimal distance through matter (as opposed to vacuum) to
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enbodi nents, the nmenbrane nmaterial is selected fromthe group consisting of
pol yi m de, polyam de, pol yam de-i m de, polyethylene. polypyrrole and
addi ti onal conducting polyners, parlodion, collodion, Kapton Foﬁgvar,
Vinylec, ButVar, Pioloform silicon dioxide, silicon monoxi dé7 2War hon.
Preferably, a sanple is placed in proximty to the nenbrane. Alternatively
a sanple is nounted in contact with said nenbrane and this gives the
advant age that the electron beamhas to traverse a m ninal distance

t hrough matter, (as pased to vacuu 2 7 APR 2005 reach the sanple. The
nenbr ane irgacgr%% é?‘?i”ggy%gﬁﬁﬁ t288 “pyre r%&pﬁ@??ﬁ‘?ﬁlga’yg?isﬂppﬁftb?ée%ld pgaecﬁ%een t he
menbr ane érdvean \ha@ittitrant Bndyeretah., t he chanber is located in a vacuum
whi | st encl osi ng sanple within a fluid or at supstantially atnospheric
pressure or both.ﬁﬁen%%]aéli‘“ %F?’ero]fsal&c | P Dfracuyg ‘ﬁ}t‘%@ﬁﬁﬁ%@r‘ngi S g%)stant to
a one at noaphes Guidle® s sibeta@iafld iaeidsptand prSsiré aNBQRr 2kast Part 6f £6kl 0HS havi ng
an energy €1g/‘r%?ter than.around 2keV. A}%ordi ng to.a second agFf)ect of the
present | AVArTIBHT tHherEAns [p R RERPSPREEH RFSTS SRdEhfghis ‘BOSAR &h

i nspect i orledfondRawity RCdnergh gRaeNBIREUNdIkE a scanning el ectron beam
conprising a vacuum path for the el ectgon beam and a vacuumr esi st ant
barrier placed i 5¥9B8i 8t SFFORT APeEhal Jisj BiEent JBeptiQha diGiinisr B8V 4t%nt
barrier beppagupl REatkh fuditicasinifRcticnodfadeobjbe @bd efdmblr Qfing Aescwatigum The
obj ect nma haveb t hereon. a fl uoresce an el ect rg-l um nescent, marker,

_ n nd

wher eby aglﬁ%té% G et EH Y BRS V&F@%Bqt}étf?rotg%ﬁléftfoél WABLBY RSB he mar ker
may be assodeailedd h bf3odatparditiClik abjetpbad whaumfresisiire esier being hiacddi ke and
this method, al]ows far i based i mages containi ng i nfornation about
i vi dualeh foiattye e cblsetom BE P rae CBRRrBhaTS HEBRDF TELE A opt | cal
sensi ng umidtanaadtrd-eninshamwbarkeryahely Hbednt odeqrand arobbla td ¢xght pigi-de. The
optical sgnsing ynit fmy also conpllse, %ti%ﬁ%}r%%ﬂé&leté 8L & ey The
optical sénsing unit nay Be acfap ed 10 % SEWEEY RArA dlal pF‘IOqZ ons, and the
appar at usandsthis hetiahlyal hda gbebight basd nmeges icghthingigi isfmoatenrabsut indimguflr om t he
stimulati f .. single mol ecul es . The barrier or rane A a nore
preferr edl%glﬁ%(ljeéi rréeur? ,a‘nbﬁgﬁJ <'3n13][/rl egtn%reig?aggp%olmﬁ“ﬁgsdaen, Opﬁ%ﬁ;%ﬁ%ﬁ%?ﬁg%?dyg% de-im de,
Kapt on, Fdembarmayrbd bBit dgect ol Bghd guidé. e Fheorpting niyrsagemiteay ko cempriser ced wi t h
a reinforcing ari.d.placed between said nenbrane and said vacuum and may
have a thl%hkness Pyl ng within a range

The optical sensing unit may be adapted to sense individual photons, and the

apparatus is thereby adapted to sense light emissions resulting from the stimulation of
single molecules.

The barrier or membrane may, in a more preferred embodiment, be any one of
polyimide, polyamide, polyamide-imide, Kapton, FormVar and ButVar.

The barrier or membrane may be reinforced with a reinforcing grid placed
between said membrane and said vacuum, and may have a thickness lying within a range
of substantially 200 to 5000A, more preferably in the range of 500 to 20004, most
preferably in the range of 500-1500 A,

Preferably, the barrier or membrane is placed across an aperture having a

~ diameter substantially within the range of 0.1 to 4mm. In a particularly preferred
embodiment the diameter is substantially Imm.

The barrier or membrane is preferably transparent to energetic electrons, that is
to say electrons having energies in excess of 2keV or 3keV.

According to one embodiment, the barrier is coated with a layer of a material

having a high secondary electron yield, typically lithium fluoride.



of substantially 200 to 5000A, nore preferably in the range of 500 to
2000A, nost preferably in the range of 500-1500 A. Preferably, the barrier
or nmenbrane is placed across an aperture having a dianeter substantially
within the range of 0.1 to 4mm In a particularly preferred 2enidB8i3#nt the
di ameter is substantially 1nm The barrier or nenbrane is preferably
transparent to energetic electrons, that is to say el ectrons having
energies in excess of 2keV or 3keV. According to one enbodi nent, the
barrier is coated with g I r of erial avi ng a. hi.gh dary

el ectron vyield, SI ;r/lp?ngaﬁnﬁ’fd'g?é? it Isg%%ric‘ efm?C‘QeSA?Sﬁq%ﬁg lgnas%glcéig%nbodi nent ,
radi cal scathenagebjennl ecul es are | ocated in association wth said object.
I'n one enbodi nentlntogger%pédgcetn L oé'%‘%'r Il’ll %ei lﬁge%%dg‘geinﬁc%m ctogtagtr\ iihn cont act
with said vacuuntresistan Barrljer. c@ordPng to a iTd aspéct of the
present i n¥idnkjuom-redigang barserpr ovi ded the use of a nenbrane, of which an
exposed area havi . di ter o is resistant to phere
pressure gradi entl?cgglﬁl g\/t\ﬁi?g]ﬁr iasépe}t'troirtrgsyﬁjéerseenr%tmvflgloﬁi%b e_léﬁgorvgiggtelﬂ%gg%)(rﬁons, to
const r uct aaneitaaroes! viocle erabipesedetreasiampk esdidngetdyef ingws desitaé to & oz anni ng

el ectron £ ol utian L ang i ot 1 cording to
a fourth gspec}tﬂeo C%Sﬁgé %#Eelglghta gf%\%écﬁt%o%n% a(raelr?lgtt(lg gll%r%\%%’ egg%%sr’ré? hod of
obser vi ngcewstrugh bjckambsr wtenrdmortstapley mhgeierved widat 4 wanncughrcien bigmt e st eps of
i sol ati ng, &WetioRb&Gkial beler (£ATHGE DY separating said chamber froma
vacuum chanber  usi ngi a’barrier, providing an electron beamto strike said
sanpl e from sai dAseEdingnto ehiamitie espehir Ul pseEd ibeentiore thereaydprrovidest ¢i ng at

| east one o - i sai d
chanber . BrET ey A O P P e et and o
pressur e. iseiftingsa iyst ebirct @l 4 shamher bt sepspingrseidghemiteo fom 4 yagagpshaspiter t o

el ,eCt ronsuslﬂ‘&vh rf)gm%f:,' p;ﬁ@\%hgé/ ah LICHGEB8m QJ sk QE}Q %ﬁy frcExF %Liﬁr\aa@ﬁ&fn t he, wet
obj ect conprises a pharnmateuti cal conposition. Pref era y, the wet object
further cdapbérstrough $aid/bangercaid obpdrying whiewsh onchef segrdarmane berdkeatterednposi ti on
I's interagldng ..Rr&lEEAN N g chanber conprises a fluid inlet and

wherein the :
Preferably, barrier comprises a membrane selected to withstand a pressure. of

substantially one atmosphere and to be transparent to electrons having an energy in excess
of around 2keV.

Preferably, the wet object comprises a pharmaceutical composition.

Preferably, the wet object further comprises a living cell with which the
phatmaceutical composition is interacting.

Preferably, said chamber comprises a fluid inlet and wherein the
pharmaceutical composition is changed in respect of one of a group comprising

concentration and type through the inlet dynamically during the observation.

Brief Description of the Drawings

For a better understanding of the invention and to show how the same may be
carried into effect, reference is now made, purely by way of example, to the accompanying
drawings, mn which:

Figure | is a generalized diagram showing a longitudinal cross-section of the
sampie area of a prior art scanning electron microscope.

Figure. 2 is a generalized diagram showing a longitudinal cross-section of a
scanning electron microscope incorporating a chamber according to an embodiment of the

present invention.
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pharmaceutical conposition is changed in respect of one of a group
conprising concentration and type through the inlet dynamcally during the
observation. Brief Description of the Drawi ngs For a better understandi ng
of the invention and to show how the same may be carried ir};tp@hfﬁ@t,
reference is now nade, purely by way of exanple, to the acconpanyi

drawi ngs, in which: Figure 1 is a generalized diagram show ng a

| ongi tudi nal cross-section of the sanple area of a prior art scanning

el ectron mcroscope. Figure. 2 is a generalized diagram showi ng a

| ongi t udi nal cr os&iE¥ECt F dnecafrabized segspiseciignad disermonf harBecpEdingcdr por at i ng
a chanber @ee@bshinehtbOhapsmbRdiMBALt of the present invention. 2 7 APR
2005 Figure 3 is a generalized cross-sectional diagram of a chanber
according to one 8HBddr refffcraized keospresient dingoBmt oorfiampsrAsFEding i a

gener al i zegdotG&r@sBo &Lkt 00 BRlpradbR @M ERS entbe8MANRGIL AEHOEHENg t 0 anot her
enbodi nent of the present invention, enbedded within a | ifc%ht gui de. Figure
5 is an el ectron f$EF oA HCTaBKTgsPh Fieheingibodnirdifienbd 18- 4. 3. Figure 6
is a diagram of ang2s6enkliRthms sl 8s-ABRABS A IMMHambE it URbRSGRCE.  Figure
7 A-E are diagrans of _conmponents A-E of the chanber of Fig. 6. Figure 8 is
a di agram of t he [#§%% bécope degags cheraproaints ot of e W@WIPﬁgg@nanber. Fi gure
9 is a di agram offi@e lst@iddaieoRADARITERE shed adhpted HLSE QNG he gtk e 10 shows
i mges of fixed \lzyet cells_under_ the partition rrl;%g})rane. Figure | | inmages
of live non-I abel" & &g i 2liete FmidEnsHEifh NSNS gure 12 is an

i mage of intact wiuahekhed ifohkss 6elited wenelek uhdeethapakition@embriiegur e 13 an

i mge of |ive non-adherent c?l.l under t he merrbraned Fi %lérg 14

cat hodol uni nesceh&&™ hrdfages §f s neageiklefigqisreabsells indepihg flemPP8e 5 an i nage of
intact NI H3T3 cellgare 18t @i ihRge SBEEtIuRLbIBA OHOLRRS ddd¥ehé membriie present

i nvention provides a new. technique of scanning electron mcroscopy that is
adapted to the stigdf lgrenweiecLAlp wa-dhyent Grlt undehis BAREARS i s provided in a
smal | chanber epghRsedaydRnBabinendobads fiked WiH3IT3@BIRUgGh for energetic

el ectrons to pass, Liough and J.1l eLaglriufh the samle being studred

Detailed description of the invention

The present invention provides a new technique of scanning electron microscopy
that is adapted to the study of wet samples. The wet environment is provided in a small
chamber enclosed by a membrane that is thin enough for energetic electrons to pass
through and interact with the sample being studied.

We now disclose in detail both the technique and the mechanisms of signal
formation in the imaging of samples in a scanning electron microscope through a
membrane. We further disclose the mechanical and spatial setup and the properties
required of the membrane, a main element in this method.

We disclose simple measurements for the characterization of the membrane, giving
a guide to the choice of material and thickness. We further disclose the capabilities of the
technique in imaging a variety of different samples. We evaluate the accessible contrast
and resolution. and the current needed to obtain them. We show that it is possible to
observe gold particles in water with a resolution of the order of 10nm, while lower contrast
materials may give sigmificantly lower resolution on the order of 100nm. This new
technique may be adapted to numerous applications in diverse fields such as materials

research and cell biology.



We now disclose in detail both the technique and the nmechani snms of signal
formation in the imging of sanples in a scanning electron m croscope
through a nmenbrane. We further disclose the nechanical and spatial setup
and the properties required of the nmenbrane, a main el ement 24h APRi 2005

met hod. We di scl ose sinple neasurenents for the characterization of the
menbrane, giving a guide to the choice of material and thickness. W
further disclose the capabilities of the technique in inmaging a variety of
different sanpl e agcessi bl e c Andireselution. and
t he current neeﬁ%(fl%ggmgvvgﬁa#ﬁtlt e HS@C lgﬁ%%%toﬁg}e%y saa%leosm %lFe o observe
gol d parti &Y ehe iintradatten of tahmamblem)is upararnof Recrd wd@pmgfts 19npelymgti | e | ower
contrast pmterd.al ic Qe order of
100am This nng\[/(é §te§% ni qgJ yoﬁﬁtf/ongée}{ Jé rﬁ%dx?e(%%r{l%r%{ @3@ Cg%p I cgt |eot_ns in

di ver se f|eﬁd&hgmbﬁmasymanemmaingﬂe@ewﬁwhnanmxsékhcmﬁ@$m§ym<@£$KMPR 2005
The presenf 4 hve J t arpke from
the vacuum by & ﬁatéhllgﬁto}rl%l %@?%ﬁggﬁh%gﬁﬁﬁw@%ﬂoug‘%‘% a(gs lrcwugé%en
developnen@@nTWWp@Pyﬁ@waﬁwe@hmwﬁb99wéﬁﬁbheMbwéprQd@mﬁﬁ@mOQﬁmqﬁﬂﬂminenbranes
that are ppack 'o?azldja\fentt rt@ﬂﬁ@%e%?an& C%urfﬁ:@eé‘ugﬁtds acﬁlax%ﬁtt Blgn)%lcalygéllsaﬁ%et ough
enough to wi thstand atnospheric pressures on one side h vacuum on

t he ot her ©¢haisuesTieclosahgeduisirnere cpslywideriplie ¢ @%@Kﬁﬁdwﬁmwa ectrp@

menbrane, gopisCakd, xna@llﬁﬁaqeagﬁr@nénfestaqr&onﬁe,fgbéfstqre ahfl 5§atﬁ1§sph9@aares§195 the

i nspection of objécts that are at or J acent to the nmenbrane surface such
as adherent biological cells. The techniques disclosed are furthernore
easi | y adapt abher{;p sadpbrfESTANgEEGANNI ng El ectron M croscopes, enabling
measurenments at roomtenperature and at atnospheric pressure. A THE

EXPERI MENTAL SEEURvaNcrasiellysapplieisit$ déviges aprbingigodst dféhaderedcaieigventidn et hods  of
the presenj,i Qv& gfhofpﬁg(ﬂ, 6%@?31\){\'12115({13 t?’g%,l\g s @sh rﬁéﬁPQac%'n?d&Q gutRRd | 1 ps ESEM
i n high vacuum no devi ces present can be used with any SEM
Certain c@FYI@Q‘it“{%PrﬁPféfC@?‘?eé{ﬂecbwﬁb@b’@@M §66411n curgatly predered cmAQBREDAL wi i | be
descri bed tmlr%\éhtuﬁbehwn wifl E aa.-slmsee bEIgh 3 BNt i EatRR GOMP ANV RSyl awi ngs
and figures. The sanple is held inside a chanber that is deS|gneJ’anng t he
| i nes of §“§@%ﬁ6§?@@H§ENIsanple nount insert. The main enphasis is on

seal i ng of Sarfpﬂe%aﬁﬁl@'@l%ld ke £X12bBAhat iPHESSHE SloHE fHean8NEE, stafidrdt hi s s
done with a series of o-rings. Cosing the sanple presents a hazard to the

menbr ane, SEMiQEPEHINHaTHEDE B BEPRIST SrP0i6ling os@r@&%éami the gHEMHere to

pressure difference, and this is done with a series of o-rings. Closing the sample presents a
hazard to the membrane, since considerable deformation would be caused if one were to
try and compress the fluid inside the chamber as we close the sample with the membrane in
place. To avoid this a small release channel is kept open through the stem of the insert,
equilibrating the pressure inside by a slight release of fluid. The opening to this channel is
subsequently sealed off with another o-ring that is screwed in place.

The membrane must have several important properties. First, it needs to be as
transparent to electrons as possible. This implicates a low average atomic number (low Z)
and a low density. Polymer films are therefore the most adequate choice.

Very good mecharnical properties are also required of the membrane. While keeping
thickness as small as possible ‘o minimize scattering of the electrons before they reach the
zone of interest. the membrane must resist a difference of pressure of one atmosphere for
as large a surface area as may be required for observation. It must also be flexible enough
io enable a considerable amcunt of handling in preparation of the sample, ruling our

carbon films since they are very brittle. The porosity to the materials comprising the



try and conpress the fluid inside the chanber as we close the sanple with
the nmenbrane in place. To avoid this a snmall release channel is kept open
through the stemof the insert, equilibrating the pressure inside by a
slight release of fluid. The opening to this channel is subsequeph

sealed off with another o-ring that is screwed in place. The nenbrane nust
have several inportant properties. First, it needs to be as transparent to
el ectrons as possible. This inplicates a | ow average atom ¢ nunber (low 2)
and a t owsaepis helger apdingide thefspinpls mastebetréruir el as maich hepaseble tagisefaatoeerchoi ce.
Very good jechantcal..BLoperties are also required of the menmbrane. Wile
keepi ng thlckness as small as possible to mninize scattering of the

el ectrons bef oldealyhéhy ¢lectiedal romsluctivimerf glie mambrees shavfie berighraapeghntast resi st
a differ era&eergfthen&%ﬁaufﬁnooctf@@&t@ﬁaﬁgﬁﬂb@m}lé B, Lvﬁrcg%aapawrﬁ ggce area as
may be required for observation. It nust also be flexible enough to enable
a consi def&iSE® SvBemhbeast ank it |thenigragan ppragise aeicw#poste ¢ el @aippIfdm oful i ng our
carbon fi lRBugideeL:nt REYbAhE tmgreymﬁaaaﬁgtchﬁommﬁecpsorOSI ty to the materials
conprising the .2 7 APR 20M sanpl e hol def and inside the sanple nust be
reduced as nuchnadly. e aingy ef the H@H@W@fqﬁﬁ@mect esavEhianbe thEpeRzber .

I deal |y, fBer. el}y%f\cgllli}’ ﬁlaélec@tgﬂ%@rgécgﬂ)ets th@elebdiShs @@rﬁ%ﬁiﬁﬁ @BQQEQOIP% @t gh enough
to prevent the |ocal charging of the external surface of the nenbrane,

whi ch maybgser: &t Hat the objetic Ve ererlddike de psarvb emrivsaird bslovt the ﬁ@mbm@én I'n
practice wene¥eRaaloBed ekl (&AADRNHA N Hen tHeliBj LN bR if 8.l prifigiyrenbr ane,
thus elimnating charging effects. Finally, the affinity of the nmenbrane
for the oBjsctenghanerapddesiaichbensic pigsbidtant factor. Typically in el ectron

nm cr oscopes, @ﬁereﬁt%&gﬁ%gpbéeacw&édhs bURPEE fBBkR8, di0pdbeon BALEOM SO that
t he objects we woul ke to observe are | ocated bel ow t he menbrane. In

t he met hd@maexsss- o%@awarwr@ Beizer, cemmprly usede inoBEM fpeBuilthampetes §Bpects are in

cl ose prQuaidly and @olgifoulETDERDEMIGHNE. RESE 2WhREN | ddreViadiey ahd anked to it.
D fferent naterlals have been tested to build the nenbrane all based on

Carbon  dOHPBIGHAPY Bof v 4f7%%rad Boly e have Rerariesiedy O theirnmateals 65 %hi | d

suppor ti ng dhtt o thd RRVELISOReBN0n DA BMsealing rEelpﬁ;@meIM A R6@ing te€6ke 2, 35,
1985; Handl ey and O sen, Utram croscopy 4, 479 (379%%1$nd Po i m de have

been testCéHen“@r PrefvEed craplrpa %’et"égtP@HImlfj?J TRERR BB | 1y met all

nmechani calpaied b$ eab:itdg Iie QYiviBIaR Meibrade Sl hé gheh R rdREpor6sity 116 Rilatey: pr ef erred
enbodi nent me use pol yimde nenbranes of 1450 A thickne | i ed by

Moxt ex, ISHEPIEPHER ?‘ﬁeéién ReYSiEne §HHW1W6telr¥é%s arasPe Sedffrabg?ﬁ pflgrpWat er:

insertion into the SEM, without detectable loss. They can resist the forces produced by
atmospheric pressure in windows over lmm®. To minimize this force on the membrane,
and subsequent risk of rupture, the surface was usually reduced by the use of a TEM Ni
grid that was attached to the external side of the membrane (125 to 330um mesh were
used). For electrical conductivity, a carbon deposition of 50 A on the external surface was
found to be sufficient. Affinity properties, if required, are achieved by intemal surface

treatments.

B. MECHANISM OF CONTRAST FORMATION

There are two different contributions to the formation of a signal on the detector.
The first is a source of uniform noise, while the second includes the signal:

1. When the beam hits the membrane, backscattered electrons (BSE) and secondary
electrons (SE) are produced by the membrane itself. Only the SE produced in the first few
nanometers (the mean free path of secondaries), can escape from the membrane [Goldstein

et al., Scanning Electron Microscopy and X-ray Microanalysis, pp. 113, Plenum press, New



sanpl es are placed in a vacuum of approximately | O'' barr -for several
hours prior to insertion into the SEM w thout detectable |oss. They can
resist the forces produced by atnospheric pressure in w ndows over

To minimze this force on the nenbrane, and subsequent risk ﬁf E,w&dﬂre
the surface was usually reduced by the use of a TEMN and ? afA
attached to the external side of the nenbrane (125 to 330m nesh were
used). For electrical conductivity, a carbon deposition of 50 A on the
exter nal:l S, %ﬁ%dhﬁ@%j cbmmalel nle@n b@e Sl fs%a%tﬂﬂtlnm%fcbﬁﬂuﬁt)érsﬂﬂl@@lﬂﬁ tcjlreﬁ SiN}‘ -
required, ar i eve inter surfac treatnents

CONTRAST FORNAT ERoTREPd! iPdap as(ﬁr? PavEiite wuhits MDOCroRS o e %Eéfeorrrau on
of a si gnatcamaibéthén ﬂﬂefneﬁblﬁﬁe andTrhﬁe Edrb(ﬁicolaﬁnoash&QiJrCe of uniformnoise, while
t he second |nc d]éB ft he SI ﬁ the P(eam its the menbr.an

back- scat t er ed" &I"EELPEHE { §é)°“51 Ef“gletB 481 R EterBiHe “(”gE“}OHH)FJEEdSr oduced
by the rTEﬁbHScﬁIIﬂBSEEMH Th@lbﬁ/tnbthﬁnﬁ&mﬂfo@@hé@@s(hﬂc@ bbﬂnehédofr@bslnicewﬂdrﬂatoneters
(the nean free p th econdari es), can escape fro menbr ane

[ Gol dst ei frickiess g the g Fifg VI 158 BF0 R MABIE oS EBH? er&r@ V5 Eﬂ’i"’M"er Jénal ysis,
pp. 113, Pklﬁ)@dﬂfﬁtIhﬁE{&J’ﬁmeﬁiﬁk&‘n@\\le?efé\PBth%maﬁtrM@tﬁdﬁ London. 1992]. Their nean
free path is nd him.in conductors (the thin carbon layer) and up to
| Onm i n i nsul at SPYURD o FIsCERE PR P eam v i hds P“l’tl??ﬁ(sﬁé‘ﬁ’iﬁhﬁlhf"t §OsS e SE are

created bat hndmmretnbempreéear@&etfersdmple Ab@n CREDARY GRRtrbitgang Haelsehtte)dd t her ef ore
get a first contribution to the signal due to the nenbrane, conprised of
bot h BSE hcém%iﬁareﬁ{ﬁfljl cgontri bution i s honobgeneous since both the

conposi tion armie Sheproadab@kdaeses/eef) clidnee weshbanes weildige saped bheitlsane

ever ywher the  subscri m_(for ran will refer
Lot s cBhrrBate G = SR A b Fehnpe Gieebiek Rt B, FRETBRR Gt ch | <
not backscatddan e swiﬂﬁl he\na&spd@gbﬂltyhe emEBMcameth'rdmgh ﬂgeﬁemtpm Abheeganpl e.

Agai n, secon%ﬂ@/ ect Qns_ an acksc ronsg C{i>roduced The

S produdda B R oA T LA

ei ther tfwen mesdafaaﬂeln@mrs blelms/uh@rtmafa)l fme pzﬁthl,e:aﬁ bﬂcﬁpeaanlﬁaiatectoat ing shield

(conductor). contrast, n.t sa (;the ossibility
to exit back Igﬁ%s Wﬁl”?)tu R SFRE dEcon&bu{’i N th\sSI duﬂ r(%gksc%%herm BT tlroane t hey

may genertit eorsendnrtelas*tywmlclecetac}o b&h tlvrhSE fand iBfSEOcreeaatoead Iatheafollovahgnte fromthe
surface ths%rrfptl 5 (g%?lsa%vl\)llet) el refeg?oatﬂls con IblRl%%h can escape to the detector.
The second contribution (s) is obviously the contribution of interest. It carries the
mformation we seek while the first is related to the membrane only (m). A contrast
between two neighboring points will be observable if the difference in the sample signal
between them is higher than the fluctuations in the membrane signal.
Our ability to form an image is thus determined by the possibility to obtain a large
signal to noise ratio. This in turn is determined by the difference in backscattering
coefficients of the materials located inside the sample (“material contrast"), and depends
on the membrane as well.
Given two different materials for which the backscattering coefficients are known
and for a specific membrane, we would like to determine the conditions we need to fulfill
in order to form an image.
The total signal collected S is composed of both secondary electrons and

backscattered electrons:

S ~egst + esed (1)
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Thus, we get this second contribution to the signal due to backscattering
events in the zone of interest, which reach both the SE and BSE detectors.
In the following, the subscript "s' (for sanple) will refer to this
contribution. The second contribution (s) is obviously the contrg buPRomupf
interest. It carries the information we seek while the first is related to
the nmenbrane only (m. A contrast between two nei ghboring points will be
observable if the difference in the sanple si gnal betvveen themis higher
than the fluctuati smtherre b|| tof rman inage
is thus deter m”rfélaoégﬁﬁp’teﬁeé‘t ﬁ?fB%“l“B?Ya]feyraFBS 8%?5? n“‘“%sl Pdl?'FageaP’o noi se

ratio. Thicaurk. THlcBeflisierd @ t&iekeme the RYldctien éiﬁ&érﬁ%@ﬂ@l& thvid khﬂl@ ksgatbey i ng
coeffi ci erHs of the materials |located inside the sanple ("nmateri al
contrast™) hat A §e9eFbnds  on the menmbrane as well. Gven two different

materials for wh wbksthiRribacdesait €siongs cagtfaicoend somirtiknoBRE framd for a
specific rre uld like to determne the conditions we need to

fulfill r%ﬁl?fé?er?béa”fséﬁn?ﬁ“%ilrﬁslﬁr%ﬁ%mwﬁ@ets%ﬁl%? (S§iMGihl cbf1 ected S is

conposed of bogiiis@E aRGHE YatRlie€ tdctendNEhs thackEatibRI 8dsed €6 A@ANs: S "
8BSf1 1" saS (]}%}%2 7 APR 20ij i gﬁg;md b re resent esﬁpectivelg tB rati os of
BSE and SE cur ifferprge i hatywhi EU?BP‘@Fﬁ“ Hh gecoyiant 1 leqent SECPEPEsent s t he

col | ect i osleefdns 6f @aeyan{ &fterinig@hd mantkmfredgnﬂ%presleﬁ:@ttﬂeqe&ndﬁrkbagex&meddet ect ed.

The backsgatterl n? ﬁ%fl Ci en}1 % E two contributions:
BSE from "ISHRTHEERE § “(Ih)”a%ﬂ‘b‘ ERETHAY %‘f&“"t”ﬂé CTPrES(s), F = q
in + q s theSamplé.arly, the SE scattering coefficient S has tvvo

contri butions, rence, i s

represents the S é’%%‘ﬁ‘%?g?rﬁugecloggﬂ%tﬁg%ﬁﬁ%uﬂ IéﬁAIBybGC%Lfsﬁ S Offﬁer 2 18 beam

ent eri ng bdae dietrbirsaneclinAbrdkeoegahd Sxerhﬂiralesefbﬁflﬂalfrbﬁlmnggbﬁnﬁt ed in the
menbr ane by el.ectr.o on . their after | ev acksc tterlng
event inside l\foﬁee%g%ﬂlaéld Aﬁgo%vﬁ%ggjﬁtefnéﬁoﬁgowffé’?g §EP 3‘%%“ 3‘83‘% utg nul tiplies

Am becausefatd tid 1tae¢ntﬁineeﬁterﬁgetﬂe chighbﬁagy ekeohs @aﬁsratmgat\he kécngdabescdce t hr ough

the nenbrane i s red dfromu by .gs Notet hat h descri be
em ssi on ]gf ‘%he on arl ?tlc'%séj mtc%mggn@ear%uvﬁ té&™s atgg%ﬁbf?oé%e For bm
t he high @mg.ythal leed bmns:atgaemmaﬁe g ridnerse climdar, itkselest®ns generating

the secondaries have experienced a backscattering event inside the sample. For this reason,
Am can contain a slow material dependence. Depending on the material located below the
membrane, the energy spectra of the BSE in this region can be different, and different
energies of BSE may generate different SE emissions.

Note that the definitions of backscattering and secondary coefficients we use and
the coefficients usually described in the literature differ slightly. The latter are defied for a
semi-infinite medium and are characteristic of the material (Gold, Carbon, Nylon, etc.).
Here, the coefficients describe the charge emission for a membrane with its particular
thickness and its carbon shield. They do not describe the charge emission of a semi-infinite
sample of polyimide material. In the same way, the sample coefficients describe the signal
coming from the material inside the sample but covered by the membrane. One of our
objectives in the following will be to relate experimentally the measured coefficient to the
classical theoretical coefficients characteristic of the material itself (e.g. water, gold, etc.).

Let us consider two adjacent points that give signals SA and SB. The material
conitrast between them is defined as:

Cas =(Sa-Sp)Sa (2)

(assuming Sa > Sg).

10



for the main part the electrons of the incom ng beam with a snmall
contribution from electrons that have backscattered inside the nmenbrane.
For Am the electrons generating the secondaries have experienced_a
backscattering event inside the sanple. For this reason, Am c&rl ABRt28n a
sl ow materi al dependence. Depending on the material |ocated bel ow t he
menbrane, the energy spectra of the BSE in this region can be different,
and different energies of BSE may generate different SE em ssions. Note
that the definifion scatter nd ndary ¢ | ¢LEeNL s, Wwe use
and the coeff:Téélrgﬁrt%gg%g%gcﬁ%y/gg’er}sl(gcﬁyg%dg?nﬁl ?ﬁgn(%llsld@é%[uét?pgfféfo%?f@gr tsI ightly.
The | at t er(amapléicatam). dife ber iato agld mipesditieion n¢gati neechnstimt &nttle sigral char act eri sti c of
the materi ( Gol Nyl on, etc.,) Her e he ¢ ficie descri be
t he char gé{’?ﬁesn%g ggel gdrllacgggﬁg?rr%hﬁbcro élﬁlgut\l/ant?f t‘lhef' g erpngrr ?(Riou §rs%% EﬂhllS g%(enge%% and its
car bon shiegdrdwhefhdys thocknst adéstsrdobpoditm arhavege welh deSnaln Softhat ehdr- i nfinite
sanpl e of | vim de material . ln the same t he. sanpl fficients
descri be tcﬁrgpéséit%}rllé?mrrg%onﬁf hoé’o“fr?%lrlﬁ f%lgrasﬁrﬁ?pee?rl Al TnsIt %%@%%%Hg C%ut covered
by the nemsmsmranene of our objectives in the following will be to relate

exper| ment al | Yol TBESLL Bl 8051 LLPhENG, bo A6y 6 A08hfRkxd DEALGH cal

coefficients characteristic o e material Itse
etc.). Letheudackdensi déate. tthgnshdfhatcesise othatosdet hipn giheee misghalemiSA cdnd SB. The

mat er i al eIGQFbtng ?c%tttergﬁtr(‘ﬂﬁﬁl@ rﬁe%mng %IIEQ'Q{gtICI[?&g\Kaﬁ the u?en_gege‘bﬁt v&ﬁ)?{icg‘@‘ (2)
(assuming SA > SB). 10 2 7 APR 2005 There are two basi ¢ ways to nodify the

si gnal S. itdprehs somentnishriipg {p it belpy. Witk dfris ehodge, the &ppTapt hegeen @A “The ot her
isto addar@g)g%etdhyﬁm?ﬁﬁéa_egati ve constant to the signal (this is the "black
| evel "). The contribution of the nenbrane to the signal is the sane
everywhere. |t@stinknes¥nandd)its conposition are very well defined. So

that neither -gorpAshhii QRLEONET 3kledNOly t QPAQT ARflhL AhAShmBAPEAr bet ween
points A and B because of the nenbrane. Contribution in is thus a constant

that can Wekscetfepieaveptp carnmanspn dpr materealclaeritedebelstv the memblage ko PaYBIA  Not e,

t hough, thatg noise on the order of pn where n is the nunber of electrons
scattered fromthe nenbrane, may interfere with the neasurenment, but we
ignore it foComis baskenptthe patnifufipmgn. tib sererdirs| owpisaNthah makicempl§sixce, t he

contrast Qﬁpwgmpﬁk 0 # ihhf tRNekaB Jf%hegin?pﬁftdc% of itfm%liénfaj ée;'éa'erated by events
inside the sample. For that reason, we have to study the membrane characteristics and
quantify that portion of the signal that is related to the membrane only and was suppressed

in the expression of the contrast (equation 3) by an appropriate choice of the black level.

C. PASSAGE OF ELECTRONS THROUGH THE MEMBRANE

We proceed now to quantify experimentally the contribution of the membrane to
the signal. We do this in terms of BSE and SE emitted from its surface as a function of the
energy. The method we employ is to measure the total current crossing the sample in
different situations, then subtracting to obtain the losses into BSE and SE. We measure the
current with no obstruction to estimate the tull current that the SEM provides at the
sample. and then measure the effect of the membrane on this current. Finally, we measure
the current going through the membrane to a given material, in our case gold énd water.

For this purpose we used four different samples and an assembly that allows the
different samples to be inserted simultaneously inside the microscope (of the four samples
we had, three could be inserted together, so we repeated the experiment with overlapping

trios and identical conditions). For different energies, the beam was positioned
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CAB = (PISA -11SB )h1SA (3) The material contrast is related only to the
difference in the nunber of backscattering events occurring in the
materials | ocated bel ow t he menbrane on points A and B. Com ng back to the
contribution in, it generates a noise that may conpletely des?7odPR bgs
image if it is of the order of the anplitude of the signal generated by
events inside the sanple. For that reason, we have to study the nenbrane
characteristics and quantify that portion of the signal that is related to
t he nenbrane only and was suppressed in the expression of the contrast
(equat i on s3jceBiveBromapiah Gpfplatand chot@enobetvbe bl agkunkdemelthe GmpRASSAGE OF
ELECTRONS THRCléGl—| THE MEMBRANE W proceed now to quantify experinentally
the contriBUiiSh of the menbrane to the signal. W do this in terns of BSE
and SE em tt edSduipd®Ond 18 jsus FaedyadBipd Gbldseinieonl., Gtarning Eleret Yycrosthe met hod we

enploy is togreasure the.tot rrent craqssi the sampl.e,.in_djfferent

ot uat i oner® BE Hifeb A mso BHHPE hreind oa0es TR, B I | v
‘nmeasur e t heasucuthe ebaim wtrént riQ.obs toliectingnll tie emtdendtibe béwen fruhdgligibler ent t hat
the SEM provides at the sanpl and. t hen nmeasure, the_effect of the nmenbrane
on this CavERe oBrsnatt o R Bl k' FRaE G PERp R Si-E bt Bre

menbr ane toued, giittercangt @erinaliametar, Goiin dgPatdnlich, alveedimt £Ni platEevithtahi S pur pose

we used four different sanples a ssenb| hat, all o th i fferent
sarptes ¢ B putiatd R el ER B8 ARlle e Rer datbbi Rty Poetthe M Bene ™t our
sanpl es wetohad, thd futee caab), do et thasetd Bdni Bdekdedtally 20 svetercé pat@d t he
experi men hte(?verl apping trios and identical conditions). For different
ener gi es, eédm was positioned |1 2 7 APR 2U successively on each

sanpl e and t h€agplerbnt ibekwwenint Heigr et @mndht heesapl eovemas witeasur ed.
Sanmpl e One i m]beuy 1Elaradal}/ CuQ [ Goldstein et al., Scanning Electron

M cr oscopy " and -ercgk/ M BFSEHETY SF@ereny 65, Pl enum press, New York, London,
1992], used t Gampiedbite eortshe olf e ame guidrsemple cbeacredly goint endt ¢ovgredby at he char ge
of the beam(a negligible quantity of charge can_.escape backward). It is
const r uct'€¢ 1%?neaﬁ%ﬁ°% o *g%{?%%ﬁ& %Oo%ﬁé%ts%rga ¢ g'as JPOhe ,Ou% ' ﬁgtﬁm\(,:}%ﬁ?t y (2mm

di anet er , ar@wmwhee e pireatt contast withphe mkobeok Wys aahibedplFiadlly, Sdntthe Bovr isapper t ur e of

10-m dF 2t lndyly LG, 6l 8nin [N, DS ERNCLS, WINGUD LRBARELLULe. NiLs the

Lot

bott om of 't on cavl e eam an ractica al |
scatter eCFOGT @(ﬁm mvalues for Imateriart Imembrane-

The difference of currents measured on Samples One and Two (normalized by that
of Sample One) gives the percentage of electrons emitted by interaction with the
membrane. This measures the contribution of the secondary and backscattering coefficients
ot the membrane:

[(Ibeam - Imembranc)/ Ibeam) =Nm + Om:

The difference of the beam current (Sample One) from the currents measured on
Samples Three or Four gives the percentage of electrons emitted from the sample that
reach the outside. These include electrons that interacted with both the membrane and the
material (either gold or water respectively):

[(Tbeam - I membranctmateriaty Ibeam] = (Mm + Sm) + Ms(1 + Am):

The subscript s refers to the material, here gold or water.

For energies below SkeV, the gold and water curves are seen to superpose on the
membrane curve. This means that the beam is not energetic enough to both reach the

sample and send BSE back to the detector.



are collected. Sanple Two is identical in design except that the aperture
is covered with a nenbrane. W call this nmeasurenent |nenbrane. Sanple
Three consists of a pure gol d sanpl e connected to ground andcpwpreghpy a
menbrane. The gold was ;first rrelted so that its surface was snooth enough
to obtain large areas V\/nere a '"direct' contact with the nenbrane was

achi eved. Finally, Sanple Four is our experinmental chanber, containing

water and sealed b n S es Three. and Four defl ne two val ues
for Ima e al +l Uesn; 533 ?f @Fgﬁn%e cuptes difter Ener HaRfs fr 80V GR PSP es One

and Two ( ner tﬂakllmiﬂ(ﬁeféytedl Radue t@ﬁnt&@&lﬂnam@qﬂﬁ): fHIRE cdrBidep&r KLt aga g nf

el ectrons enmtted by teraction with the nmenbrane. This nmeasures the

cont ri but i BHEHES: (1S %‘ggrﬁmawreéﬁ’?ﬂ s caiena! t empRREE &t BF i8Rk BECOBES t he

menbr ane: Jodikkgam -' nenbrane)/ Ibean] = 11m 6m The dlfference of the beam

current (Sanmple One) fromthe currents neasured on ng es Th ee or Four
gi ves the percEfit B§eva¥ sareleranddecidst eledens cowet Al ! GsipPent Wﬁ‘? "¥%ach t he

out si de. Thteﬁeudn@G&Mtﬁm&ﬂt%&aﬁgbéhlskleﬁ emﬁt;&dnwﬂ)bd&eéakbsttm;mnbrane and
t he matel‘lg(f: (either gold or water respectively): [('bean - |
menbmmc+nmet |aptl bcam (1Imf 5,n) + TIs(l Am: The subscript s refers

to the materi aln tHeeeRe gﬁrl &b1QT bedRIserof ﬁoqllaﬁnﬁrxgiceﬁud@&k oweakrebémdnhes gol d and
wat er curves ar seen to SUper pose on t he nbr ane ¢ Thl% means t hat

the beam g2 Ef‘éﬁg}a Bt At L ERSugHy ¢ ﬁ%%CWéﬁmttﬁg areg Fténséﬁc? §¥nd BSE

back to th&nmheqtqskevlaqezneﬁbéﬂec&mnsﬁ)fauefbez%zl es above SkeV, the three
curves differ in their slope. %‘%row ng portion of_ the mgp | detected is
due to interachi B YHENVE A THRIAT B meBheny esmereneAdrah ey al)‘7Ctrqnncreases,

this diffemnekiee dindohRRASES mateha dasaﬁneﬁﬁoalto CIRNPOIAR Mhishiclidle oslly gatroddecones
e and j.nci dent el ectrons ener gy of 10keV,

dom nant
beam rrenblﬂ’élgaée S‘iag?r\é?%yc@f%ﬁlé 00 Pith e 895606 BMYRE charge enmission. Their
contribution decheasesgict the 3ketrak of hd blkan/do het rédak tieasepled amgohdcurbcause of

its high ?ﬁo?lﬂ? ge Qé{_gbgli ;ve}yhg lg) en r%l;,t tlhg r(‘:u}v%s should follow the behavior of the
backscattering coefficients of the materials, since the membrane becomes practically
transparent. This is indeed what we observe on the two curves. The decreasing slope of
the water curve follows the theoretical behavior of the backscattering coefficient, as
calculated from Hunger and Kuchler's derivation [Phys. Status. Solidi A 56, K45, 1979;
see also Goldstein op cit, p.95]. The increasing slope of the gold curve also follows directly
the calculated backscattering coefficient evolution with energy (as derived from the same
expression).

By normalizing these curves by the backscattering coefficient of the respective
materials (with their appropriate energy dependence), we get curves where only a low
material dependence remains.

The results for water indicate a backscattering coefficient that is lower by about
25% than the theoretical curve predicted by Hunger and Kuchler. We are not sure what the
origin of this difference is, but because our sample is completely enclosed with minimal
chance of contamination, we believe that our experimentally determined value is the
cleanest result available art this time for this quantity.

Though we have not measured this directly, the properties of the material below the
membrane clearly affects also the energy spectra of BSE that are emitted. The energies
range trom O to Ey, where Ep is the energy of the incident electrons. A light material (e.g.

carbon) has a distribution that is approximately centered on the value Eo/2 and is
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dramatically smaller. At [CkeV, only 4% of the charges emtted are
characteristic of the nenbrane. At 15keV, the nenbrane contribution falls
to 2% At this stage we can subtract the nenbrane conponent fromthe total
el ectron enmission, and obtain the material contribution to tRef HPErANb.
This includes only electrons that are scattered by their interaction with
the material of interest. At |ow energies the electrons of the beam do not

reach the sa d the curves hoyl. d be z At ver h energy, the
Corves. shouttRFoIP O R ol BetiavEDet OF o i Chal Bk CPer 1y MgerHH e ent s of

t he mat erueahaibys{am@mt(hmsmmy £dRe alie Gore:sinRb Akt p.cal]l A hedvi anagparent . This is
i ndeed V\hatwéxﬁ observe .on._the Ojﬁgfgﬁves The decreasi.ng sl ope of the water

curve fol 1SR PR PFEHAEPREGR s ﬁfonglﬁé”}ﬁ%’&%‘ééﬁl@“éirﬁeﬁlb 8BEY i ci ent

as cal culmtﬂds birforehddUngess @0 drKee ISt Shedetid MRIMMRad Lhyge toSires ack Sol i di A
56, K45, see al so | dst e Cit . 95]. e sl ope of

n o . p.95]. The increa
the gold ¢ P\‘Fé‘ 3f S6TPBR éqt?lg%stﬁ 9‘%d‘t‘°ﬁ€ ’%g‘g'&eulf%ftféfav%g’&ﬁ?g?} Shla% ?ng
coef fi ci emnghteyeh UTheOmemblake @n@ft@My(a@ﬁn{Ie& ifwed ol @EN 1§ EnSRPEBSEAsESSi ON) .
ckscatterjng

By normali t hes uryes b e ba efficient of the
respect i véé‘aﬁaf‘ 3%??1 ] ‘Ehcofl%?it rOCHHHR o 08 ALY g‘f&“ﬁ@tﬁeﬁaﬁ’ﬁgefhe we get
curves wheifereasd éme}ogwpedﬂfatcﬁrﬂﬁi calependenge: (RN Baissidhen asddl ibs for wat er

i ndicate a ba atte coef.f.i ci ent i ower by about 25%than the
t heoretical Curv haveaé %é’&o%g%/lhhﬁ%éeé‘rm%@%%ﬂf‘8?5’ “Ae” are not sure what the

origin of thi sFodldtﬁeerreaterelld sf abyutic bemaers Betodn Ehamofevats mdnpdlet #ky encl osed
w th m nipal Ong‘uance nat i rimentally

of o e e
det er nmi ned VA°Ge™? S Re™ il P%}%Vste n tgeslﬁ'? eé@%ﬁleis %ﬁgnat umm HZQ fe for this
quantity. co'ﬁblmmgrh; fiwen thexesuinap tomasasfeldbvishi s directly, the pr opertl es of the
mat eri al bel ow. ranec af f cts al so the s ctra of BSE
that are emttedo" @Fﬁléneg??@lp&'l es Eke%ﬁéélvf‘? h e SRR C%@ngerget%\é ‘glfhe ener gy
of the |nmredlezmdcaﬁlbea&dmmibyAs1hgghtneﬂﬁéxeﬂsmxaels (e.qg. car bon) has a
dlstrlbutlontb centered on the val ue Hdis 13 2 7

APR 2Th s Pq'ée in% agtgr’rgxel fmt gl g . nteres or,seyergl re sonsg? at
ynmmet 'BrS [ Prod CREEh G <™ B 1 e OU K Pt . "%-ray
Optics andedrereddrehysiest on BEH dEdwleyerbieentans (lPabitsst blegz%)l h¢:av$ eed al so
oL 950 P el 00 TSP e b PR SRR Y
Thi s di f fieeeneely widute SEtdaectef Thcpsk ofrittreggo]d ctuhe reaahésa \@fueB%ert that are able
to cross bgemonstratm0 a high emission of SE.
c) For very high energies, the charges emitted approach the theoretically predicted
BSE coefficients. The reason is that at higher electron energies (for both electrons of the
beam and the backscattered electrons) the probability for BSE to cross the membrane is
higher, and the probability to SE on their way out is lower. The secondary emission related
to Am decreases and therefore, as observed experimentally, it becomes easier to image
through the BSE detector.
The membrane filtering effect on BSEs becomes negligible at high energies. In the
sxpression of the contrast (equation 3), the backscattering coefficients can be replaced by
‘he backscattering coefficients of the materials considered (water, gold, carbon etc.). The
:nergy at which the plateau is reached shows the minimum energy above which this
ipproximation becomes valid. For the membrane exemplified herein, this value is around

[3keV.

D. DEDUCING A MINIMUM PROBE CURRENT FOR OBSERVATION OF A
SIVEN MATERIAL CONTRAST

14



t hrough the nenbrane to the total BSE produced is higher for heavy
materials than for tight ones. The nenbrane is actually acting to filter
out the low energy BSE, thus enhancing artificially the contrast between
tight and heavy elenents. Second, the difference in energy spgqtApR ofigs BSE
can al so influence the SE em ssion Amsince | ow energy BSE have a higher
probability to generate SE on their way out. For other materials of atomc
nunber between that of water and gold, the corresponding curve will lie
bet ween t he tw% extremnes sul(s)&/.\g. WsCﬂ%ummri_ze Pur conclﬁjsi ons tfromthe
results up to NOWHs3Y BIFBU B CRBPYIVsBETRF 4° -PsREY “RBsi gnal
fromthe samipire erdtbebecedetepdigsl.it iJ tiesretidahy pshibledo ciarvbér. Tecueased by usi ng
t hi nner nbranes. .b) The internmedjate reqgi on of energies is interesting
for "sever 3P PRECQRehs 1410 PoREt ShiRis o FREEPF R ETYER on BSE of | ow
ener gy enhance3uch e egonte astefliadbieeesralneauys. Aind, tht cgtent chaber infikegcesSecond,

the emssion of SEin.this reginme is, inportant,.and jt.is possible to

i mge eas itqeyreﬁﬁl"t“ﬁn‘t%glgglfuggi‘te%img? therpamyRale %ﬁ ]Eoﬁ‘éssﬁioltrglsclﬁ Ve P ggc hes a

val ue hi gheblethgiren tie elelembnsirtadi e mdcrbicohe i@ miteimysten fidmeBEandciy aFess very hi gh
energies, _the charges em.tted appr.oach t t heqgreticall redi cted BSE
coet 11 o1 ertatTRElPRE o e AR PR gt erote dier B BheluPL S FUF porh

el ect r onspofiuce helimbelamstrd of hiargrac kisic tirt ehield reliwiot rdoses )cat kiempaeothabi | ity for
BSE to crgss the nembrane is higher, and the probability to SE on their
way out i OWer. The secondary enission related to Am decreases and

t her ef ore, as Vobserivedsedperdenegnt al baypldstcohemomyesjuehsiuer at emilsmge t hr ough
the BSE detectaor. The nepbrane filteri ef fect. on BSEs, beco egligible
t high enepgrasseeiitts RETREEBRuoh, b8 bRp RUhEl kPR R g TGRS 9 e
backscat templg coefficients can be replaced by the backscattering
coefficients qgf the . materials considered (wat ol d,..carhan. .). The
energy at whi &S%%eé}lhﬁﬁ eért%let% ?%t Ifsge{Lﬁ%tﬁn%lh(% A Su&{%ieenﬁivﬁf }rlﬁ 1Seﬁngr g%i)ggbove whi ch
this appCaxiait[Goldstbiecgres, yaliil. ItFotest e, irenhieane okxerpd diffegdcdier ei n,

CBSERVATI GV K VER DR ERF AL CERTRAGT 3 0 AP 5 ARSI as a smal |
di f f er ende hoghembaposhdsitiene (el pf foeence in the nmean atomc
(Sa - Sg) > 5N.
Measuring the number of electrons that enter the detector when the beam is at point
A at different scans, we ge.t a distribution whose standard deviation is given by
~1 "2 and centered on a mean value _ n. The signal is thus proportional to 1, and
the noise to n 2. The signal to noise ratio is S/N ~ 1 * and the minimum level of material
contrast that can be observed is Cmin = 5/7 "'~
Thus the mean number of electrons that must be collected in order to observe a
specific material contrast C is given, in a general way, by n> (5/C) * . The corresponding
current (at the detector) is Iy > (q/t)(5/C) *, where q is the electron charge and t the time the
beam is on each point. t can also be expressed as t = T/n, where T is the scan time and nyp,
the number of pixels per frame. For a high-quality image, there are typically n, = 10 s
pixels. Measuring I; in pico-Amperes and T in seconds, we find that the current required at
the detector to obtain a given material contrast C is:
L>4/TC* (4
Finally, the signal current I; and the beam current Iy are related through
Is = n s (ess +eseAm)ls. An SE detector like an Everhart-Thornley detector is very

efficient
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nunbers) exist between two points, it is theoretically possible to observe
it. The question is flow many el ectrons need to inpinge on those points to
make t hat observation. Such an estimate is useful for several reasons.
First, the current chosen influences the resolution: a high cprgey ogauses
t he bean1to be less focussed. This is nore of a problem when t he ele ron
source of the mcroscope is a tungsten filament and is a less sensitive
issue for a field em ssion nmicroscope. Second, the electron source can only

produce a " #PeLicRipRsS BB (Cekiargee citdnthe Bk ¢etechr gpesratilEs 5k Abses can

damage t h@ecaS{e@Ciai R uallY\e szﬁ£1!351br[hhﬁé 254 8y meMuBRRBERb cffidiesdTMegBuiont ai ni ng
l'i quids such as enuIS|ons ol og i cal speci nens, olyner sol utions, etc.
which in FESHRENAstha e Grergigs %uqdowk%nwfagwe%@n%? Foand SE wgdRdRa®™ arbitrary

but usef ulyitgrthd @4hORBodRE SHld bChRhd: éﬁeﬁilégl It tBSH $nddbas "HReseTalhd teri on”
[Gol dstein op cit-, pp-215]. It states that, in order to observe a

differ enc’@asoﬂ%%’(l‘?/\é%ﬁ‘flafev@f iheicAtiestion sHgieRcy £he>%i Ve SPeReehsfocan giEF tanpl i t ude

bet ween t ResedRObUMiS a B3tHast A6 [10] BiIin [hWM e pp. 1B t he | evel of noi se:
( SA- SB) >5N. I\/basurln the nurmber of electrons that enter the detector when

the beamis at® f)é)?/ﬂ?irc FP/gtGHi fferent scans, we get a distribution whose

standard devi ati giph | he@ieyemebYortrafl 1% @ 1@&%@&6@ Qaua@omnovmue n.
The signal is t hus proportional to rl, an the noise to rl é The si gnal
to noi se PfsFRitepRe @eﬁ@cmﬁ of fhs matepafshalon; hy FERPIRGeM20bt | harersul °f cont r ast

that can hecahuseby eflht mikiphi durent3équited %2 ad Bb&rlahén SEAlogitiocintths el ect rons
t hat nmust he col | ect }j in order to ob erv a speC|f|c material contrast C
is given,’'f Sé‘cﬁléﬁélpgw%?“ulb‘?n?l}dﬁ%oﬁf “Pff& corresponding current (at
t he detect OI‘)ThéSfohl; elanéxﬁdct}l(ﬁ/alﬁa)oZna,kewbaéaﬂycwiy&ﬂdiwwegmm&mm@mrge and t

the time the ch poi nt n als Lexpressed as. t = T/ np
where T iSB°4H& g?aanc‘ﬁ?lr&g éﬂhlsrff’mposteﬂétfﬁﬁ%b%artercﬁndggk"e? SUCFOHROUNE  For a
hi gh- qualAboyt Joraerahe dthas & thdse cdryutdl dry HRRNS, 34, Gre Q2%Blase OMrdSUring |, in
pi co- Arrpere and Ezo n_seconds, we find th t he urr uired at the

det ect or %’ o‘ﬁ?laﬁ GroR ihssar aPssahec BRtY %18?‘“’6“1“% 4?"3“59 T&"Fi nal 1 y,
t he si gnaloleeule ief 2. IThatedtdvaidaés NER AL E Bt laeivingl BllaE 8 W(HI a?hledatﬁdmrdmlgm ls = 11 s

(efs fa :( CrZﬁtcox}espgndmg b'g\c scsal%tegr?gt go%%f?ct;en‘lc Ltkl%kg\? gﬁl\é%r.(p@rfgr \;I/- }1 B.'o%y fodreatc%ﬁ.t or 1s very

Thus, a cell surrounded by an aqueous medium presents a low contrast C = 2:5%, and
furthermore the backscattering coefficients are low. This calculation shows that a minimal

current in the range of nano-Amperes is required for a typical scan of 100s.

matenal | Z l [ contrast to water I(pA)
water 722100751 - -

Cells 7.07 | 0.073 | 0.027 2900

Oil 5.8 10.055]0.267 30

Gold 79 | 0.78 | 0.90 0.25

TABLE I Evaluation of the minimum current needed for an observation of
different samples containing water. [ is calculated from equation 5. The values for 11 are
calculated from the expression of Hunger and Kuchler at an energy E = 20keV , using the
mean atomic uumber values Z indicated. The scanning time T = 100s ié typical of a

meticulous slow scan.
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15 2 7 APR 2005 with good rejection of BSE [CGoldstein op cit.]. The BSE
detector does not collect SE and, because it has usually a snall

signature, has only mediumcollection efficiency. W found experinentally
that at energi es around 10keV, both inages in BSE and SE node a@pkaPR it h
the sane contrast while at higher energies the BSE node is better. Taking a
reasonabl e estinate of the collection efficiency at 25% we get that the
beam current required to obtain a contrast Cis [19] (also in [Goldstein

pp. 2|1 7] )|: | B %nlcﬁwxaat(}@pﬁls(om%ay(&)hmﬁtegh\siﬂgfbb%@wi 88 ,prerséh]?sf@e@iuraas&n]g: i ?]
sinply related . hy equation 3 to the backscattering coefficients of the
materi al s %ﬂsgmg?ﬁé: ﬁezﬁﬂrg}‘ar? g mifigR| gurfent PG hakeast & dfcw (e CEAIRUI ati on of

the m ni meAmgdidst 6t a EQEWhiied ifndiersad iPRSRF M tRaRfis birplhgi @k ®pgei mens
such as a cell, an oil/water emnmul sion and a ?ol d particle 1n water. The
four el engAPENE! F{INTAEYG FakE U PREATRFIEHI ! the wei ght of a bi ol ogi cal
speci men |ike a fdddical shh@lcGRIH asla eIt MFBPSAEh QlredQOYRIBEd BAGeSUDRI gani C
conmpounds.. = About 50% of the atons in these compounds are H atons, 24% are
C, 24% ar éVeEratipRgtinge. . Prg can, pdvRptagegpsly [uopabekigsy @ih thiae oA Fe M tde mean
at om ¢ nunrbididadbold pdrifésaaiccor@and €ll. PRakisient off oilSvalr Jad.be bhatvealdirvater is

i ..07. Cal cul ation .of the corresponding

7.22, and.for a living cell, it is 7

backscatté??t?{biar(%%‘?c{l‘tfo f%ﬁ?”&‘ita%‘%@?aﬁ?‘%/@n?). 075 for water, 0.073 for a cell.
Thus, a cell sariousattedesbylorsv aqdieads) medinflidnpé @F et memblaaw beamiasast C =

2: 5% and. furtt\rll\gr nore the acksgratteri n?l Cdﬁ%ffi ccjrents ar tOIbow. Thi s

cal cul at | SAPEREWE® ¢ FPATCIRCTRE A7 hEn T SRR T PR 87 BN G 8“6 Kalfio- Anperes i s

required fmagea typical scan of 100s. material Z itcontrast to waterl (pA)

0.780. 900, 25 TABLE 1A IR ok oREO0 E R A ENE needed for  an

observation ofAsidiahf ele@nt niatpbpsmenntemei| thg quati@r of esolisioc alttdt@y ed from

O U AR TR L TR

val ues Z amneiceaf @@ngly hatt&tgnons ghd Heam will Fead0@sintoSthé yapiptalvidehing andret | cul ous

sl ow SCanl'osing resolution as it does so, before it undergoes enough interactions to be returned. In a
material with high electron density, the beam travels only a short distance before being
returned or absorbed, so the scattering volume is small and the resolution high.

To see the effect of the membrane on the resolution we need to evaluate the
effective signal producing volume, characterized by a diameter deg [Goldstein op cit.,
pp.162]:

der=(d*p+d’m+d”pse) " (6)
where dp represents the diameter of the beam entering the membrane. As the beam crosses
the membrane, some scattering occurs, which is particularly important at low
energy and tends to be negligible at high energy. dm, represents the widening of the beam as
a result of its interaction with the membrane - a beam with zero initial width dg = 0 will
emerge from the membrane with diameter dp,.

The distance dgsg is the mean diameter of the volume covered by electrons in the
sample before returning as BSE. dpsg can be found in the literature [Goldstein op cit,
pp.105], and is related to the Kanaya-Okayama (KO) range. Rescaling all characteristic
lengths by the KO range removes a large part of the material dependence, leaving only a
small atomic number Z dependence. In the case of a gold sample 90% of the BSE originate

in a volume of diameter dgsg = 0.3Rko. For carbon the same relation gives dBSE = 0.6Rko.
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16 2 7 APR 20% An oil /water enul sion may be nore easily observabl e and
presents a contrast ten tinmes higher: C = 26:7% The mninmal current falls

in that case to a few tens of pico- Anmperes. For a gold parti%? Wed
in water, the contrast is very high (C=90%. Imging it re r y a
fraction of a pico-Anpere (table I). A biological sanple such as a cell
needs a high current to be imaged in a reasonable integration tine. One

can advant ageously use | abeling with heavy markers such as ol | oidal gold
particles to dﬁ%o%gtré“gtek?éveéé%q gplﬁ?ﬁﬂz’gi"g%&e IR ?f;‘\r/\ﬁfaétrw“cogﬁheb <Hi¥er ved
directly iimsidsttienelaedal CIo ididuivarst ©fthribine bt a airde tonte@@roattheddurfadense theAt | ow
energies (10keV and under) the influence of the nmbr ane econieﬁ}%

i mpor t ant "Rs THPEL RO uEHER  CICUW SRt PAMPaNADItEs IR FEFE%ald Mtor e
current tmdstioh neigaet. E. EVALUATI ON OF THE RESOLUTI ON OF THE TECHNI QUE As

"in any electr mc ope feasuygenent, the question of resolution
ultimately bf)ilﬂios_ @@)%8%6?% he%éxi dPendl of scattering atoms that have a

hi gh el ecRron egmbdsedin. poh, Estihie irbseriean ehergf haRYl \A Belatdi@iit ngigatians t he

beamw || reach.far.into the sanpl.e, widening and |osing resolution as it
does so, B%?O%r%lsit e%eﬁﬂérlﬁg/é’? eaﬁlg?dﬁehfaﬁﬁoglﬂca%‘?ﬁ’(%s to be returned. In a

mat eri al w t h Ihisglonetieglt toealcdetashd heorttal edmndoriavied geneml gasaofSheet di st ance
bef ore bej. r d, or absorbed, s he scattering vol.ume i mal | and
the resol E&?f?r on E&%}%% %Onsg%“%% (8- BPrLay- %IP “ive lﬁlet% rtévﬁeh%lhn% ﬁ%segeogol ution we
need to ewakurt witl yeey loef dreetyi vgh atorginalimproshoic amegtimete ispessitdhar act eri zed by a
di anet er den [G%Ies% th%inrg) f%%c%i Las san‘E)Re's atJhgivg/]ﬁ:efar =(d2a+d2m+td2B5E) 12(6) where
dB represents‘Af e cﬁame{er SR EREAAT entrelrr%yng t he nenbrane. As the beam
crosses the ngibrmareeialssorfeassweatt, eiliongheoometarid, cowpoLdy ihe npeanbtane wrar | y

ropr esent ot RENG GLEPRL SR8 B0 me® R Realh PGy SN PRE on W 1
t he menbrtbmeame. Bhebemnestindth oztbe esolmidniiadimpiydt h dB = 0 will enmerge fromthe
menbrane wth (glfi= net er, dm {,I'Q% di stance dBSE is the nmean dianeter of the
vol ume cover edby-CePect rBhs iK t he sanpl e before returning as BSE. dBSE
can be f ounrd dst & helchlated irad e (5o hestial Dhiopvatiation mples 3864 as lamnglas s rel at ed
to the Ke}jlggxglé%éra%gn egnlé%raaggﬁg%hessl?eseal ing all characteristic
The diameter of the beam dp depends on the electron source used in the
microscope. A Field Emission source produces a beam of 1nm size in the best conditions
(low current, high energy), while in the most difficult conditions, the size is around 10nm.
For a tungsten filament microscope, the diameter of the beam may vary from 10 to 100nm.
Thus, the resolutions obtained in the case of light samples are on the order of
200nm. At 10keV , a low current and a Field Emission source, the estimation gives
dess = 1 70nm while at 20keV , it goes up to degr= 500nm.
Experimentally, we found that it is hard to obtain a resolution better than the
membrane thickness. When lowering the energy, the resolution improves because the
volume sampled below the membrane diminishes. But in practice, as the energy is
decréased, the contrast decreases in a tradeoff. Less electrons are backscattered from the
sample, and the ratio of the sample signal to membrane signal decreases. Thus. the real
limit of resolution is given by the minimum contrast that can be detected. If one can reduce
the thickness of the membrane then the minimum energy to image the sample will
decrease and the resolution will improve significantly.

This estimate of the resolution indicates why at this stage, for low contrast samples

like an oil in water emulsion, our technique does not improve much on optical microscopy.
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| engths by the KO range renoves a large part of the material dependence,.

| eaving only a small atom c nunber Z dependence. In the case of a gold
sanpl e 90% of the BSE originate in a volune of dianeter draws503@R For
carbon the sane relation gives dBSE = 0.6RKO. 17 2 7 APR 2005 ?Zue KO range
gives the typical size of the volune of interaction of the electrons

inside the material. It is equivalent to the radius of a circle centered on
the surface at the beaminpact point whose circunference enconpasses the
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t hi ckness anmet "he "beam epends on the el ectron source used
in the niherrose @patergtifi.éh dﬂéﬁrﬂssslileowsqhdwnoelnpifed(ﬂmdlesha@neltﬁea?mf@bePMm size in

t he best 985!—91' 1 Jn9She éﬂ\g@{égg&g&és, hi gh energy), while in the nost

difficult conditi ons, e I's around 10nm For a tungsten filanment
m croscope, thkt gmmerges GF bede che drffusmynsidar the fwagemifl Gheteois I@Obed Thus, t he

resol uti Oﬁieéﬁeg{}?laggﬁelﬂlukg%arﬁ @b}pthel]%__ﬁﬂsdé d%dé’ifo%e O i ﬁ(gng?r Of

200nm At [ ow curren SSI on source, e estimation
gi ves dof Tke sigih@ihan tivhBSIe caeraOk 8, resutt of odsgralipg beerd %Wﬂa@@(‘mhﬂme and
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the nmenbrane thickness er e resoluti | nproves
because t megnifctiomeheratip irakelsar vl h@nrféﬂandan@ thh sirndfohe BSEBampied practice,

as the ENgdiehe, ks deep BSE signal is a constant that can be removed by an appropriate choice of

the black level. On the other hand, when the electron beam crosses a heavy material bead,
a significant part of the beam can be intercei)ted and immediately a lot more BSE are
emitted (high backscattering coefficient). Thus, the resolution obtained is dependent on the
spatial extension of the electron beam at the depth of the bead.

A bead that is located just below the membrane is imaged with the best resolution.
The deeper the particle is inside the sample, the lower is the resolution at which it can be
imaged.

The spreading of the beam is a problem that is well adapted to solution by Monte-
Carlo simulations. We used a code devised by D.C. Joy [Monte Carlo Modeling for
electron Microscopy and Microanalysis (Oxford University Press, New York, London,
1995)] to perform such a calculation. Input values for the simulation are the Polyimide
stoichiometric formula C20sH N>, the mean atomic number 6:4 and the mean atomic
weight 9.8g/mol. The density ot the material is 1.4g/cc.

At 20keV | the limit of resolution is estimated at 60nm below the membrane. At
50keV, the beam diameter calculated is 35nm, a value compatible with the resolution

obtained experimentally when the beads are in contact with the membrane.
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decreased,_the. contrast decreases in a tradeoff. Less electrons are

backscattered fromthe sanple, and the ratio of the sanple signal to

menbrane signal decreases. Thus, the real Ilimt of resolution is given by

the m ninum contrast that can be detected. If one can reduce ;#'#@ﬁ%@ness
1 dec

of the menbrane then the m ninmumenergy to i nage the sanple w ase
and the resolution will inprove significantly. This estimte of the
resolution indicates why at this stage, for |ow contrast sanples |ike an

oil in water em@icORiioRUhow @EAHIGHE 2 JRED A0 twitdMERAMEIMED Wi 1081 cal
m croscopy. 18 2 7 APR 2205 It can be inproved by technical advances such

as a thi nFEPuiEIHPessiEle 2LBRR GRSt he situation conpl etely changes when
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energy is_in the range of few tens of nanoneters. The hi gher the energy
t he bett eF2iosiBH@liqesol uti on obt ai ned. Beads of actual dianeter 40nm appear

to be around yBENiR: dcAMRIne hiscAland HRVe v, MRS paditlObhEeld 01 00pRGRIUAE smal | er
than the vol une of interaction of BSE (?I ven by dBSE).. This denonstrates
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case, theyfiesRiditdANReuh Wik ed shife tReydi aneter of the beam when reaching
the depth of the particles. At high energies the beamcan diffuse inside

the water if there is no bead to intercept it, and the vol une sanpl ed by
the BSE i s deegpsandrmclereopne to few mcrons). The signal that the BSE

generate is the result of integrating over a very large volunme and for
this reason, HYeTRRENG §f 1§i0§MFEL dneYaMalnkay t958 aeaRns PRI AR,

Fur t her miegcte@insiak g8 sarppgni fi cation, when the image size itself is on the
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constant t hat TcaheHe 3 e aBOBy Vah ohiip Fops itk &5@roied bfePh FBbi%ack | evel .
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t he | owefarousd fi it 0! ¥Hi0B cainpMblCRith bulCeiRed&ion that imaging was hardly

possible below this energy with our 145nm thick membrane.

In water, the sampling depth is approximately 0.4um at 10keV , 1.2um at 20keV
and 3.1um at 35keV , which is the maximum energy available on many scanning electron
microscopes. These values give an estimate of the range of depths within which a gold

particle can be detected inside water.

G. ESTIMATION OF PRESSURE INSIDE CHAMBER.

The fellowing is a simple calculation of the pressure inside a wet chamber. The calculation
mostly refers to the setup, where the chamber is assumed filled with water with only very

little air inside (say, small bubbles).

To simplify the calculation the following assumptions are considered:
I. We start with a closed chamber, which is filled mostly with water at atmospheric

pressure. We do have a small volume of air inside, V, (measured in atmospheric



i maged. The spreading of the beamis a problemthat is well adapted to
solution by Monte- Carlo sinulations. W used a code devised by D.C. Joy

[ Monte Carl o Modeling for electron Mcroscopy and M croanal ysis (Oxford
University Press, New York, London, 1995)] to perform such a 24l kR asson.
| nput values for the sinulation are the Polyimde stoichionetric formula
C22CbHLION2, the nean atom c nunber 6:4 and the nmean atom c wei ght 9. 3g/ not.
The density of the material is 1.4g/cc. At 2CkeV , the limt of resolution
is estinmated atpr89mh Wklow skl compdyedtrethe Ablum8Bkmision, e dffeaputtigatmet er
calculated is 3p er?”\é&%hlle conpatible wth the resolution obtained
experinental |y en th eads are in contact with the nenbrane. 19 d 7 APR
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This value is conpatible with our observation that inaging was hardly
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[‘1) N PHZOVe

H20 =

RT

where T is the temperature.

The total pressure in the chamber after insertion to vacuum is:

(2) P — NmtRT — (Na +—NI-IZO)RT

tofr V V

¢ ¢

PV : C
where N, =——"’"T’ is the number of air (nitrogen) molecules. In (1) and (2) we used

assumption 1 that Vo>V,
Another equation for the pressure is given by the equilibrium condition:
(3) B,S=k

using V.=XS we get an equation for the volume, V. :



and 3.1 um at 35keV , which is the maxi mum energy avail abl e on many
scanning el ectron mcroscopes. These values give an estimate of the range
of depths within which a gold particle can be detected inside MﬁE}NAPqu
ESTI MATI ON OF PRESSURE | NSI DE CHAMBER. The following is a sinple 05
cal cul ation of the pressure inside a wet chanber. The cal culation nostly
refers to the setup, where the chanber is assuned filled with water with
only very little air inside (say, snmall bubbles). To sinplify the
calculatiggbt e R, 6f 1 owi ng assunptions are considered: 1. W start with a

cl osed ch er, which is filled nostly with water at atnospheric pressure.
We do have a snall volune of air inside, V, (nmeasured in atnospheric 20 2 7
APR 2005 prEEE(Hd) (1) pl @horesets#Er sops maaiPBigtienpnteReation o fe ek fepidSon, v,

af ter put tohng:idiBgameb@anber in vacuum 2. The nenbrane is nodel ed as a
piston held by a spring with a spring constant k. This nodeling is
probably adequate since it only assunes a linear relation between the
force on the pmenbrape and the nenbrane's displacenment, X This effective
constant {3 8asityrestimdted experimentally. The surface area of the

menbr ane (piston% is denoted by S. 3. Water is assuned to be

i nconpressi ble. Once the chanber is put in vacuumthe piston shifts until
equi librigm.i - d. vl , i.s determned by
equiIibriEﬁ%g@ﬁgﬁﬁﬁgﬁggﬁlB??9¥@ﬁﬁg§gg¥@§?gﬁgﬁgka%%er vapor. The water vapor
pressure, PH20, is determ ned by tenperature only and is independent of the
vol une (seefKitthy'ﬁ Thermal Physics). Both air and water vapor are
assuned t@)beﬂLdeaLlﬂ%ases. The nunber of water vapor nolecules is given
by: 11) 1V11260 =Pi i¥2:0’RT where T is the tenperature. The total pressure in

t he chanber after insertion to vacuumis: N o RT =1 (2) N'" +NL.,,1 )RT
or to
(7 i =_Pf"20 +_I£"..
’PCIIIH ’Pllfm V;?

Equation (7) is useful for the estimation of Py;. The first term on the right is about 0.025.
If the ratio on the second term is much smaller than this value then air bubbles can be
neglected and the pressure in the chamber is the water vapor pressure. If it is larger then
this ratio gives the fraction of the total pressure from atmospheric pressure. Note that this
equation was derived with the condition that V.>V,. If V,>V, then the pressure will stay

close to atmospheric pressure and the water vapor pressure is irrelevant.

Description of the Preferred Embodiments

Reference is now made to Fig. 1, which is a generalized diagram showing a
longitudinal cross-section of the sample area of a prior art SEM 10. A primary electron
beam 12 travels through a vacuum path to reach a sample 4. It strikes the sample 14 to
form a stream of backscattered electrons 16, which strike a backscattered electron detector
18. In addition to backscattered electrons, secondary electrons 20 emitted by the sample

are accelerated towards a secondary electron detector 22,

e



10, =VVKwereN =RTP'V is the nunber of air (nitrogen) nol ecules.
In (1) and (2) we used ' assunption 1 that Vc>Va. Another equation for the
pressure is given by the equilibriumcondition: (3) P,~, S = kX using V

, =XS we get an equation for the volune. V' 21 .2 .7 APR 20D5 (4) V = Po, S2
k Putting (4) in (1) and (2) one gets after some nani pul ati on &7 &8R4
for P,0, that depends on initial parameters: (5) P~, This equation can be
transforned to (by dividing by the last term: (6) P 111 =1 + P,,,& Pao
Pi 120V or to (7) Pli=RidabOreelph d?.anRlavirvh Emm&bitmm(ni)phiels isgef smaflandt he
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pressure from atnospheric press I'on was derived
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Description of the errecﬁ I ments ference i s now nede to Fig. 1.
whi ch is &ivgetersahs lzéedenm agnearty shiow ng dascribohagrinueicerdles sycesserydfercan on of t he

sanpl e ar ¢a .0, 2nP% hﬁg Pég&lt %‘@M&m A primary electron beam 12 travels

t hrough a vacuum pat a sanple L4. It strikes the sanple 14 to
forma stream of Imégkgwamltmdleetcmcwqamnls? t#elswhviough stvedukm chapbwkdcat t er ed

el ectron %%Ia?tﬁta%gmple 32 which is placed within a chamber 34. Sealed within the chamber 34
is an atmosphere suitable for the retention of wet and living tissue, in which atmosphere in-
vivo processes are able to take place. The most suitable environment will comprise an
aqueous medium.

In order to seal the chamber from the vacuum chamber, a barrier 36, typically a
membrane, is stretched across an aperture defined by a ring 38. The ring 38 is designed to
hold the membrane 36 at its ends in an airtight fashion as will be shown in greater detail in
comnection with Fig. 3 below. The sample 32 is preferably placed close up to the
membrane 36 so that the electron beam does not have to travel through the atmosphere
within the chamber in order to reach the sample. In a preferred embodiment, the sample 32
is in actual physical contact with the membrane and in the case of living tissue, may be
grown on the membrane or attached thereto using known methods, as will be exemplified
hereinbelow.

Preferably, the chamber 34 comprises a relief outlet 40, which will be
discussed in detail in connection with Fig. 3 below. It further comprises an inlet 41 and
outlet 42 for fluids that maintain the appropriate conditions for the specimen. For example,
it is possible to utilize the inlet 41 and outlet 42 to change the chemical environment of the
specimen being studied. This feature is particularly useful in the study of drugs, where it is
possible to watch the dynamic reaction of a cell as the concentration of a given drug is
changed.

The membrane 36 may be a foil or a film and should preferably be able to
withstand pressure gradients of up to one atmosphere whilst at the same time being
transparent to an electron beam. In one exemplary embodiment, a layer of polyimide
substantiaily 1500A thick is used as it can withstand the pressure gradient and is .

transparent to electron beams having energies in the region of 3keV and above. Thinner



18. In addition to back-scattered. el ectrons, secondary electrons 20 emtted
by the sanple are accelerated towards a secondary el ectron detector 22.
12.7 APR 2005 The nean free path of an electron through the atnosphere is
very small and thus the entire electron path, froman emtter |a a sanpl e
to a detector, is in a vacuum nmaking it inpossible to study: ﬁMﬁes
or in-vivo processes. Reference is now nmade to Fig. 2 which is a
generalized diagram showing a |ongitudinal cross-section of a scanning
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reaction of a cell as due concentration of a given drug is
36 within the aperture is substantially 1 - 3mm. The membrane is typically supported on a

grid, each opening within the grid having a maximum diameter of substantially 0.lmm.
The grid enhances the ability of the membrane to withstand a pressure gradient. The grid
is schematically shown in Fig. 3.

The membrane preferably permits the maintenance of normal atmospheric
conditions within the chamber 34, and thus permits the inspection of a range of samples
that includes living cells, organelles or parts thereof, and proteins. It further allows the
inspection of surfactants, colloids, oil particles, emulsions, and polymeric or micellar
solutions. In the pharmaceutical industry the chamber can, for example, be used to
examine dynamic properties of drugs, such as swelling, dissolution and disintegration and
even the resistance of cells to certain drugs. In the textile industry the chamber may be
used for investigating the wetting and drying of wool, cotton and synthetic fibers. Other
fields to which the invesntion is applicable may include petroleum, food, geology.
microelectronics, paper coating and materials science.

The chamber 34 itself can be filled with a gas or a liquid as desired and the
samples can be monitored at the molecular level due to the nanometer range resolution of

the electron beam. The resolution loss due to the membrane is negligible since there are



changed. The nenbrane 36 nmay be a foil or a filmand should preferably be
able to wthstand pressure gradients of up to one atnosphere whilst at the
sanme tinme being transparent to an electron beam In one exenplary

enbodi ment, a layer of polyinmide substantially 1500A thick &7 usRdygs it
can withstand the pressure gradient and is transparent to el ectron beans
havi ng energies in the region of 3keV and above. Thinner 2 7 APR 2005
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The damage level can further be optimized by finding an energy level which
minimizes damage to the individual sample.

Reference is now made to Fig. 3, which is a simplified slightly exploded cross
sectional diagram of a further embodiment of the chamber of Fig. 2, showing greater
detail. A chamber 50, preferably of a size which fits into a conventional sample holder,
comprises a sample holding assembly 51, which in turn comprises a body member 52
enclosing a sample region 54 having an open surface 55. In the example of Fig. 3 the body
member 52 is a standard SEM specimen mount. The sample region is enclosed by a
membrane 56 of the type described above which is fitted over the exposed side of the
sample region 54. A grid 59 is situated above the membrane and separated therefrom by a
spacer 37. A closing member 58 fits over the body member 52 in such a way as to grip the
membrane 56 around its edges. The closing member is attached to the body via threaded
screws 62 which fit into corresponding holes in the enclosing members 58, which holes are
continuous with threaded holes 60 in the body member 52. In order to provide hermetic
sealing of the sample region 54, an O-ring seal 66 is fitted in the body member 52 around

the sample region 54.
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i nspection of surfactants, colloids, oil particles, enulsions, and
polynmeric or mcellar solutions. In the pharmaceutical industry the
chanber can, for exanple, be used to exam ne dynam c properties of drugs
such as swelling, dissolution and disintegration and even th RS@%

of cells to certain drugs. In the textile industry the chanber® ?nef@i used
for investigating the wetting and drying of wool, cotton and synthetic
fibers. Qther fields to which the invention is appl i cabl e may i ncl ude
petrol eum food, geol m cr.oel ectronics aper coat terials

sci ence. The charb %lf P L RSOy Hh%le “&’raﬁ%% ogrege %}Ygﬁu d as

desi red asitbutdie eltﬁarﬁ)hﬁﬁilcaﬂadﬂ@/ltmlrh@ﬂﬂﬁﬁheair with® nandostdid abrebfemehatdue to the
nanonet er ,ra resol utio tron. b am The resol utiaon | oss due
to the me ere%%t ory beag 49 Snoinbalve tostlrar‘l"gletﬁrf’h%‘raélyéﬁ%l lﬁailtﬁua‘?ﬁl\lsﬁat 6%1 Very few
scattering event S/kam}eharoplewmdnhereehemby Wemidghe tiekhanbes? theaetiay bed Wi t h gas,
a pressu relief devig r ef erabcr C risi ing 43 a an
2daltonar Bt ety VA0 SURE Kelnea T ¢ il Pl el AL e
menbr ane $6emihd3oﬁr$ bllnvaig fog eschteofcdxaﬂbélmdBQhela&sembtyoﬁﬁd@)mpese\matsltme%odl ment s

of the pres o nventl n e incorporated int an d as
di scussedenﬁ% 1(%V\fllC ég%ecga%Fl %Cﬁmegg L%lsgmgﬁéﬁgd%l}& ‘ﬁjlh | gl%é%rnﬁarf iDle with
standard &pacthm eholofi@resstan 78 petionminthenient 80 isTheidpeoilindival bodioer i s

desi gned ac to. the di I Ten: of, standard come men
hol der s th é TPTRER T HePHh aof’;ﬁ? At fffs ?Oéyféﬁan nt opfeﬁel[ swg%?yrren
chanber, dblanaxt a seoridh@riepncdadg8ir é‘he)fclosmhmemben“ o5 oderhigy upelda‘.oelmmme of the

speci men hgrlurqﬁh on Al tijge(r)HTg, aam. le I‘CUlOl'l 1€bl?}/as’been SE 1ecll1%1r{1tggflovna§ g&ﬁ“@ resScr i bed as
cont ai ni né’ at m)s eric e8s{ “h IS hot riecessary f sanpl es and

in certaldxcassaﬂleSoftdmmnplqslmé@sgﬂs&snmﬁyl be found to be suitable, hence

reducing the pr Raus 73 g[ow tloelrr]lterf’icnrlgt%asam ehnl-gntzno"%showﬁ Adifficulty i n
usi ng an el ect r ofi°baan CbS&Fv 15 Vi eet an”in-vivo process is
t hat the el ectr defdyeamid mcszehlﬁdedtarﬁ@elswhhh 1sanq9hle>dmﬁéeadacf tdaniaag@emf DNA, for

exanpl e, FP$CY dhﬁgdagte %r a;[(ngon%rsam ng blyhc’ggﬁga means QP la)éh nbr ane I's

safely bel ow nage can urt er
opti m ze@rd@iycerdmndarmgf ahg Iérgelzdg@ZI vy, hqshi iy mo,?_les metahegs- 1e8lst he

!Srldl \I‘/]It ?u@lexcﬁl%ggéégf) gf@];tﬁg @d@ﬁ@m' A rgﬂé’(\!nm%tutw%d: ﬂ)rgferagl’y CWQE 6t dnd oRusi Mpl i fi ed
J Y hcrht guide 82, the other end leading in the direction of arrow 92 to a photomultiplier tube

(not shown). A sample 94 is marked with an electro-luminescent (fluorescent) marker
which is excited by the electron beam. The light is deflected in the direction of arrow 92 to
be amplified by the photomultiplier tube (not shown). Thus it is possible to detect single
photons, and there is preferably provided a means for optical detection at the nano-scale
resolution of SEM.

Reference is now made to Fig. 5 which is an electron micrograph showing a
wet specimen inspection using the embodiment shown Fig. 3. The sample is an oil-in-
water emulsion as used in a previous experiment to demonstrate ESEM contrast, described
by Matthews (Proceedings of the Institute of Physics, EMAG99, page 95, Sheffield, 1999),
the contents of which are hereby incorporated by reference. The electron micrograph was
taken with a JEOL 8400 SEM having low resolution, and a scale marker is shown. The
resolution obtained using a membrane in accordance with the present invention is virtually
the same as the resolution level achieved using the SEM in the conventional manner
without a membrane. Good contrast is obtained and the overall results are sufficient for

wet specimen inspection.



sectional diagramof a further enbodi nent of the chanber of Fig. 2, show ng
greater detail. A chanmber 50, preferably of a size which fits into a
conventional sanple holder, conprises a sanple holding assenbly 51 whi ch
in turn conprises a body nenber 52 enclosing a sanple region ?? V|ng an
open surface 55. In the exanple of Fig. 3 the body nenber 52 APR 2806 dar d
SEM speci nen nount. The sanple region is enclosed by a nenbrane 56 of the
type described above which is fitted over the exposed side of the sanple

region 54. A gri di 59%ppcRi-t Wk 05HADQethe (TR IREARS WY SERer ahig, therefrom
by a spacer 57.. A closing member 53 fits over the body member. 52 in such a

way as to 9GFFIBctiRdre RBRHT aﬁfép%e SR bReRETS Baxetpds Provided ap eETiRg AR ber i s
attached tgidghendodhedi BotRfe1gdREousSRAENS 0B Wk RN fWhichiafd, @reasitgspondi ng
holes in the encIOS|n% menbers 53. which holes are continuous wth

threaded HBICESg0 HerfoRe Ohp el Frebhmens may glse priiovide! sPadFer fbtret i c
seal i ng okuitabR serERbRad@gi on 54, an Oring seal 66 is fitted in the body
menber 52 around the sanple region 54. 15 2 7 APR 2005 A sanple 64 is
shown in close proximty with the nenbrane 56. Preferably, it should be
either in actual contact with the nenbrane or within nanoneters thereof so
that the electron beanldoes not have to travel through any significant
quantity of atnospher e2&taik atie ed imnsh QS IIYENHERD t | ght eni ng of

the screwsicfid, b RRAGIEE Yolithaging i Jagfptep 1r@fud9fg%§h’(§t@mﬁﬂe@l B Nadibensa@apl e
region. There is thus rOV|ded a pressure-relief assenbly 68 allow ng for

escape ofceﬁé%@@‘?Pﬁ?ﬂwiﬁh@m§§§@hﬂF§s63 conprises a stem70 enclosing a
channel 72. Channql 72 connects the sanple region 54 with a further opening
74 at the far ‘BAPDIOPRE st em 70, Around the stem 70 is a sliding

i nd | cl 6 t 77 which fit
oY) ndrical cLahy o TR of SpCRERPbS 20 BPESq Bl oh (143 over
cl osi ng ”E”beﬁhi§n$§iﬁn§$ &ﬁ?&¥m%§ﬁ%k&8ﬁﬁﬁéésthe opening 74 only after the

sanple region It as been “sea us allowing a path for the excess

fluid of the @gﬂﬂh@ngptghggmg§§§@pbml51 Inserts 73 allow for insertion
into a sanpl e hol der (not shown). Reference is now made to Fig. 4, which is

an enbodi ment Agfiitt B&vENRANRE et Ovirofins of e Mfundixadapt ed for additional
sanpling by optical nmeans. In Fig. 4, a chanber 80 is produced as part of

a light gui derBaimalyadfeidd AReSthiniRel ielYrefdeQs NG iTE RSNl BGect90ates the

chanmber 80 fromthe vacuum A reflective coating 90 preferably coats one
end of the biologically relevance of the results)

3. Throughputs:
Minimal sample preparation steps.
Automation Strategy

The current invention is based on a Scanning Electron Microscope, which we modify to

meet the specifications outlined above.

Minimal sampie preparation steps

Classical SEM procedures requires coating of the sample to prevent its charging. Here the
aqueous electrolyte solution (medium) surrounding the cells is enough to prevent charging.
Thus, sample preparation does not require coating, and allows working with living cells.

The fact that sample preparation does not require fixation, de-hydration or coating,
drastically shortens and simplifies sample preparation procedures compared to

conventional SEM, and significantly enhances the quality of the results. Here is a sample



i ght guide 82, the other end |leading in the direction of arrow 92 to a
photormul ti plier tube (not shown). A sanple 94 is marked with an

el ectro-lum nescent (fluorescent) nmarker which is excited by the el ectron
beam The light is deflected in the direction of arrow 92 to ?eegrrplified
by the photomultiplier tube (not shown). Thus it is possibl e'? i)
single photons, and there is preferably provided a neans for optical
detection at the nano-scale resolution of SEM Reference is now nmade to

Fig. 5 which is an electron m crograph shaow.n C nlnspectlon
si'ng t he PEREGRTERT=GRct B gTE PRESanE OBk G TPt JRE B bl 1 on
as used i Bxtacgu@iicoll SorRpdpets, rm;atthet @ctxd&ﬂ[ﬁﬁﬁbér&bxﬁofﬁﬁ&%rﬁmﬁrbta&t Otdascri bed
by Matthe Pro eedln of th tltu of  Physi cs, 95,
SRR et e S R A S A T R ok 2 o

r ef er ence exahipies edcaci bedsiv. maberlmgrcalnhs WS by tkesulammhbursabBdg p8etedirSEM havi ng

| ow resol uti on,. and a sca i

a nmenbrane in SCESTHRATE %ﬁ%?%‘%lfaﬁ&rlsp;?'ets%ﬂfwﬁ\%ﬁfsSSH%?S v%?tgrﬂx dIbangl ?ﬁg gzlmr;g

as t he reBohytelon ahe el balt hilieved aud;mngadiﬁmanSEMsl ﬁuxtﬂbﬁnmamhentnemmal manner
wi t hout a, nmenbr pnt rast bt ain nd Hﬂ over sults are
suffi ci enfien?onsm?e tﬁ%t Vgolceég?}nerrlf fsr{l§%deegt%? i S’%gémge B0 T'?ism ygppr eci ated
t hat varlmwged\elatourrlelsnhog t he i nvention Whl ch are, for clarity, described
in the contexts of separate enbodi nents nay al so be provided in conbi nation
in a single enbodi ment. Conversely, various features of the invention
which are, for.brgyidy, described in the context of a single enbodiment

may al s ‘b‘e*p'r‘ovr‘d'e'(f—g‘ép rately or in any sui t abl e subconbi nati on.

Do ai | ed descriyRtdm O Biief SEediIPLoNs, Bhokdie. | usnthap deali v, a

technol ogy for 1magi ng wet sanples 1nclu not | mted to viable
unfi xed wiikdssios h@iﬂo@ahedmp\}@rtht 1%&M eltbweii angdevelperdi fof thicesgsmicPndycipagi ng

properti %ausﬁ?%ﬁé %ﬂef)ﬁﬁ rs%fm&t TRk %@%ﬂﬁh% Ry %Eogéggb hY el ahﬁn{a%lge of 1-20

nanonet ers t0 noi se an round ratios
Physi ol ogietf,téweErfvu rvef?mpecoen tish desCabdd: atAlbmgtlll tiy cm@nvkmg KGTh amm@atwet

environ n-eemltle(af“l\/geﬁl%d \Q?Fderﬂmcht)ﬁ)%Qnﬁ ﬁ!é%n 1%3@1‘0% b1ﬁl§gbﬂt[ﬂo%ulgmgﬁpa&mﬁ“ mal

lnterferencetOImaln? m ni ma
therefore” (PCT/IL01/007

usage of a Wafer Inspection Scanning Electron Microscope (WISEM) or WISEM-like

64) There, the samples are dry, allowing for straightforward

microscope. This idea could not be applied to biological samples obtained in their natural
aqueous environment, because preparation of such samples to be compatible with the
vacuum requirements of conventional electron microscopy, including WISEM, impose
drastic and complicated steps that feasibly prevent automation. The current invention
enables imaging of aqueous samples, without the need for these problematic sample
preparation steps. Thus, allowing the utilization in biology the SEM automation developed
for the semiconductors industry for wafer-inspection. This utilization will greatly reduce
the cost of instrumentation required to implement the method.

The automation strategy is a set of guidelines describing the procedures to be used in an
automated imaging of live cell samples with the WET SEM technology. In a preferred
embodiment of the invention the automation procedure will include: A ‘cell chip’
containing a large number of isolated chambers where each chamber contains a sample
prepared for wet SEM imaging. Each such subdivision (isolated chamber) contains a

partition membrane on which cell samples (which may be identical or different) are grown.

Standard automated fluid contrel can be used in the preparation of the samples.



biologically relevance of the results) 3. Throughputs: M ninmal sanple
preparation steps. Automation Strategy The current invention is based on a
Scanni ng El ectron M croscope, which we nodify to neet the specifications
outlined above. M nimal sanple preparation steps O assical SEM prifific2is es
requires coating of the sanple to prevent its charging. Here the aqueous
el ectrolyte solution (nmedium surrounding the cells is enough to prevent

char gi ng. . t.ion d Q equi re .c i . al | ows
or ki ng i RC R e TPl ) R38O0 LR A LI Ea 0 o806 B
require fiakehitonly loe-timgoifisation $Edf s@ontsirmgstanddrdamytical abitrgscomopt epasialand

sinplifies, @rrm SpRLERAL k! %ﬁ%t%ﬁgqggﬁEﬁpﬁﬁgﬁq Jifl prfRRUARLLORA SEM and

signi ficant enhances the qu ty of the results. re 1s a sanple 27 2 7
APR 2005 pragoa dtei aghs presdeduméerathea paghier indi aniy mghee jodorplieon Elsivant &¢anpl e i s
suttable Ll baRRhl Nohe BXLRAGE UMALIEE) bniC QUPOREBE SerodddSudlicalty

extracel lular " portion o Henbr ane proteins. her abe i ng techRi ques

i ncl udi ngu$indwkiingplipflevetvpedagiritathsar cel | conponents, are described in the
exanpl es section below. Labeling cells is done by the regular

i mrunol abéhd agtifrmomedbreresis r@unted sl mstall grid et mephani¢ah gtabif. dhogrid SEM

t echni ques:siisSUich Al end QleROY bt e dd b fihaBEbESecARled O DOLN
cells e t he

adher ent and non-adher ent . Further nor e, se results” denonstrate

that whil g thahed W RGe iSogieaded il R RAN& ke e slracule detieahds@medcel | s may
be i maged wi thout | abeling Automation Strate he current invention also

. . | gy. . :
sol ves t hi@ oo ﬁ?ﬂlﬁh@&fheﬁl\’ia&b@?%t%r‘%JIgSER}E.aYEIO{“hHEtW”II P BdfOmatEh o) ogi cal

sanpl es thewekMeauametispindey el eped hrfostdpe asemt sepduct ors  industry for
waf er-i nspection. This idea of utilizing in biology the SEM autonmati on

devel opedoiidarthaseted cdoREREE Eis@s afe HasiedithesEmt willangidspetific eqeendiong PCT

appl i cation, itled "Metho f identificatio nd quantifi i on of
b b1 0g cateist ELH we™a s sauos BF Auiat SRLEr sCly FREABE7E S Mrher o, ¢ he
sanpl es acen)dsuch ROI @wiimgude ar spsdifi@ ragivhf itk ctell wdageinbriant Walagical nspecti on
Scanni ng El.ectron M croscope (WS r WSEM |ike . microscope. This idea
coul d not*BEYAREF PEF P'6? ’E;E{%F 6%? ga{tﬁ%gﬁ%? é%ﬁgglﬁts&til?lcé‘&minﬂn f“h@F r Qﬁ%rt%r al

region which provides a statistical representation of other regions in the cell. The gold

colloids are to be imaged in each such region.

Such ROI can have different size hence requiring different magnification of the SEM.
Note that there is a trade off between the field of view imaged and the size of labeling that
can be observed. Hence, different size of labeling will be required for imaging at different
field of view. Specifically, for an image of a whole single cell a large field of view is
required. Such a large field of view means low magnification and ability to observe only
large gold colloids (depending on the resolution of the scan). Alternatively, many small
field of view images taken at higher magnification can be combined to provide a high

resolution picture of the whole cell.

SEM images are taken automatically. This includes automated positioning of the SEM

stage, automated focus and astigmatic corrections, automated brightness and contrast.

Images taken by the SEM may be analyzed automatically using image analysis algorithms.
This includes identification, counting and comparison of the position and size of gold

colloids observed.

Other signals can also be measured in the SEM imaging. These include signals from

cathodoluminescent markers (as exemplified hereinbelow) or X-ray emission from the
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aqueous environnment, because preparation of such sanples to be conpatible
with the vacuumrequirenents of conventional electron m croscopy,
including WSEM inpose drastic and conplicated steps that feasibly
prevent automation. The current invention enables imaging of agugp ?
sanples, without the need for these problematic sanple preparatlon W@ps
Thus, allowng the utilization in biology the SEM aut omati on devel oped for
t he sem conductors industry for wafer-inspection. This utilization wll
greatly regudewhitihenpostideahalytiat chaniat ahliyeinof tesintpdd. t 0 i npl enent t he

met hod. The automation strategy is a set of guidelines describing the

pr ocedur edVitile ofyecellskid 19 starmad wathi SbMednetier qaa e sugniefl obficady.cel | sanples with
the WET SEM technology In a preferred enbodi ment of the invention the

aut omat i ofYery higlorknol oyl agihe d chip' containing a | arge nunber
of isolated chanbers mhere each chanber contains a sanple prepared for wet
SEM i nmagi nd YeIEAEHESHE PPt buiowrsihe pardvsdtcare Beagha rseicliSkicHIRIONdT @S partition
menbrane o phisedh 168l émﬁﬁrmlqeﬁuédearh%!@ommls@&cé gentdng &bs peren%tnfe@eent) are

gr own. Stanéerd automated fluid control can be used in the preparation of

t he sanpl &dydpigd srmpleapRrho oyt (reyieeedtiydicueh FVEh$Geniiag pledgy iapscPielyi ng it can
be taken ig a5v7auhRNRY ethvRRItc@n dfrrggeeagssiogrwuhaal &NRh ek YetlePWan
magni fi cati on SEM scan) using standard optical mcroscopy or special

setup, |i%e Hspretielint Beighmicroscony; dfisarudon AtebipHehSHEgn [TREOSCan wi | |

provi de agEMV@iNALWth iRBSiIRS nhdecefIdRliid) TRBRUPHEN ATy adaBlakeoRPSi ti on and
any other information relevant for the experinent, The information on the

cel I's in ‘Yingves snrivifg Pmplss astegeddn A5tSHRALT d4 Ipengsy TR detscrotal |y

devel opedeah gRédutddNBeonddip e[b@trrédst(BEﬁerﬂﬁﬂJ&{ BRE edche MG sRAY AabeBi@l grid for
mechani cal stability. The grid 5& es a conveni ent, extreneléhstable
Py

referencén9%¥”¥ﬁetEUHWdWWéW@deEh% ities ent 1y then gpllectedya a AECEORN opt i cal

scan is ﬂ1mf]§%9ra@lﬁo%i ﬂ:leusrubreaéEMl ddtbiok EEkciteitnbyl stcdnbia sreerdnedan to the SEM
chanber for t nment al gorithns w be used to match

e SEMart inma
bet ween tUREVEUIP 8F Fparv@egye%&?g by W‘%éad&apr @ar HﬁraérPyé’céﬁaeﬂeﬁaeftﬁ%l SEM Once
t hese tmme@wogypaherﬁ%tmv&rt@gemtﬁraeré%hemaﬁ%méI i mage specific
regions of interest ( ) chosen automatically fromthe optical scan (or
t he | ow nmagnTid eahbimitioSEM b&k aMjores&i€ hnBRGol € dlibelifng | Hadlemany S pieigfchlc r egi on
within a celu where inportant biological activity takes place or a region
that is rel a3%H#4%E a speC|f|c subl ocalization in the cell or a region

\./rmhlecgofjaow d(?e%tmﬂ a hlf%[ 1eso Jltl(é)ral'llmgffeepof ?a%eln El mo*ecrﬂes can ([));['or\llle e n'éx% I ngortantt he cell.

biological information.

3. Single photon detection is easily managed and assures recovery of a sizable fraction

of the photons emitted

4. The availability of DNA-encoded fluorescent proteins opens new labeling

oppormnities for electron microscopy.

wn

Unique probes such as quantum dots and fluorescent beads can be used as markers in

this technique providing versatility and advantages unattainable in other techniques.

The embodiment of the wet-CL apparatus may be based on existing CL
detectors or may involve the development of novel collection geometries and
configurations. Existing detectors are, for example, those that collect light from the upper
half plane (above the sample). In this mirror configuration an ellipsoidal mirror is placed
above the sample, with a small hole in it to allow the passage of the electron beam. Light is

collected by the mirror and directed towards a window in the microscope. beyond which a



colloids are to be imaged in each such region. Such RO can have different
size hence requiring different nmagnification of the SEM Note that there
is a trade off between the field of view inaged and the size of |abeling
that can be observed. Hence, different size of |abeling wll bﬁe;%r ukuﬁed
for imaging at different field of view Specifically, for an i% g@ﬂa %
whol e single cell alarge field of viewis required. Such a large field of
vi ew means | ow magnification and ability to observe only large gold

coll oids (depending on the resolution of the scan). Alternatively, many
smal | fi ehdomfietsdtavs sivaigéSutlak egilegtiontrogharativagar e abtaiied sommarcisdy.conbi ned
to provid I es are
taken aut ot ol 1y R T el B S L S RN 6t age.
aut onmat ed c@@eurgtlmdoa@ﬂlmmm e dover badlf planesin vdhichophatossla colipheAdele™vand
contrast . yLIBAAS ohaked b, b LM mme#e&omly&ﬁﬁm@%%@“ cal ly using imge
anal ysi s aI gorith i€ Tndl udes identification, counti ng and conparison
of the poé?ilﬂmﬁraalﬁ@ @@@@Séﬁllog/m The sewble shaisbeo hsale wé stainlershiese]) 4 gpeis can al so
be neasurglgthb Hp ep?artc"gth'e?m (&gmerpl-l;}%ﬁe ? g&é%%n%%%@}yfaglﬁﬁmns so that

cat hodol um nescent nar ke as exenpl | her el ow) or X-ray em Sssion
from t he 99rpupranpR logtrdst Sigriptabplons Chhelans- Eh‘@vthdélglar?ﬁl“v{dl%ﬁﬁ %%5eni cal

anal ysi s @bxitte o$ tth&sbrane Wi £11eLRE bG &le! 1e5shﬁogleg SutSERARRARE Wkt [eadEM anot her
can be scanned opt| cally. Very high resolution optical |mging in the SEM

A very i nfielasilhngamt ¢homberds s ingidle askige Yibare oWt wercrilvledht g excite

l'ight em &sb0f ichs 48 de?@é?%leehor%ﬂllw ght emssion is called
cat hodol um ni scence has been studi ed on dehédrat ed sanples in the

past (revTh@vﬁéaaetsg,wH@wtgms P\iens, Bbighrid wigd 60 exfequd thenlisht aisBesyirance obgy  1977) .
This will, enatie dﬁnteeébtnl:é?rhb‘%‘; 14aagmmetm S8LOM, W dell@r R0k Bhis@B RICh bet ter

than the theoretl cal I ght m crdscopy. This sol ution conbines the
hi gh r esahigopeene.dihe dgE‘P&PIi %ﬂbisﬁ@gwpﬂlhtotl modpladetEqtiar systagp Festehphqtebel i ng.

This optiQncks o Gy sigdy RRtAges (oWReduietigand |iving sanples are imaged
inthe SEM In this imaging systemthe el ectron beam produces secondary

el ect r ons'e SEPUEe B AR ITHALOBRESE © ACtomPrIch sBSE JOUNERE TIRPT bl ecul es

that, ingrdnaR ﬁotaﬂsﬁﬂemneedl TG ompli Sr@ il shis@htal bisndihgeme | ected in
a coI | ection pat separate from.the usual electron detection.

Excit ati %C%VOE%@%H[H?%/O ndPRFEUIBERN: DEENURLNT By FE%GEE LN t o br oad
band W nadiiad. tRhgpseplia@iwiY GpecaBia ENighdd, ehe8fih OB reconstructed in real-

time from the collected data.

~ Figure 6 shows the Sample Chamber with the different component parts a-E assembled

together. The individual parts are described in detail in Figure 7 A-E.

Assembling the set-up for fluorescence experiment

Figure 7 (A-E) shows a first embodiment of an assembly used for the fluorescent
experiments

Part A containing on the side a hole of several millimeters in diameter (not shown) is put
up side down on the table. Part B is put inside taking care to align screw holes of parts A
and B. Two o-rings are inserted in part B. The membrane is put in place. The membrane is
mounted on a plastic support of 0.1mm thickness. The diameter of the plastic support has
to be chosen between the two diameters of the o-rings used. The hole of 3mm diameter
was previously preformed in the middle of the plastic support, this is the region where the
membrane is free. A TEM grid is stuck on one side (the external one) of the membrane, in

its middle. Part C is then inserted. It is important that the horizontal canal is aligned with
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m croscopy |, 257 1977). The advantages of this method are nunmerous: 1. The
conbi nation of both fluorescent and gold | abeling has many bi ol ogi cal
advantages 2. Getting a high resolution i mge of |abel ed nol ecul es can
provide new and inportant Dbiological information. 3. Single pRgtaPR 2005
detection is easily managed and assures recovery of a sizable fraction of
the photons emtted 4. The availability of DNA-encoded fl uorescent proteins
opens new | abeling opportunities for electron m croscosg‘g. 5. 'Uni que probes

such as quntdmidrotisragne Fhedbiadtett seids TecaneBrants 8a R Farkerdin this
t echni que speRM @hdigkr VEIeSAhbkiil theRRAAY B RACS WAL 3F Bghdtkeriafuedtiher
techni ques. The _enbodi nent of the wet-CL apparatus. may be based agn existing
CL det ectAETo e diguid iRrgie s raoed eisuls tn freo FPaRt i e dBfle & iPeh Cgeonet ri es
antzlI con}c i(\glﬁrea; isQHB-uIP]EéKei &dvinDoA ﬁﬂf ?ﬁlt(:ol’lsmﬁzcﬁagndct&)’ isﬁi&@ﬁ&i @ll;outghcﬂ]&alon&hat _
collect light fromthe upper ane (above the sanple). In this mnor
confi gur aP%‘B‘r‘Fe‘éﬁ“ g%elsi‘dﬁ§8 R%é‘lAﬁFchoﬂ?q RN ) peggd d%ﬂﬁd@sé‘fet H%Ptﬂééﬁﬁﬁreé{“tva th a

smal | hol eathes tHe wWeOcRbaWT i\ RLp aReAUE BhhetpiLaRh 6@tiHOMTHDIB-rikd Gbht 1S
collected by the mnor and directed towards a wi ndow in the m croscope.

beyond whitch Riacgdn paryCABRIDDERE S RO GRS GEmathegrut irsplage GEPEHEY: Si@ksea

col I ect i Othe GRAN{sI tH4E Bkt ARIHAThREs QBEAR] REE PP tHeatblidhving k@ps)eXampl e from
Gatan (previously Oxford |nstrunent s?. Bel ow we detail two exenplary

conf i gur atsPHHEIE &y the BRddischs I5ps tPsollimate)tordight hagtsheyy s eput inh e hhot ons are
col | ect edThelnfd sidehst R & wansd, dk meahed Mg IthedtHanBd Fasiy @ad Bt ect or
outside the m croscope. The apparatus is made as fol |l ows: The sanpl

)| | e
chanber (fREGEd-of hed HinHIseRet & fnside)ths asseplyide PHh Dt BathUBHEPSIJAPISHY t he
pa;ﬂt) iti onprgglaéarvalp@gal&ob-@ﬁg (b?EarleI. tslﬁm plarolgrn@és @ot%BﬁblleEFlhyeiﬁ%laSﬁbécF]@E ) the .
menbrane is | qcat at the foca ane of the tens. us, e light emtte
in the cl Y Pl ?ﬁ“fty}sogfe xqﬁg?eﬁg%gl}eéﬁgméh?y%%qﬁq- gg’?&d“ﬁ‘?ﬁ“@%&“ Fet& coni es
out col | iveainethrafeertt tieaibeng dedrdaged 0Sthe MRGiusanpiRsscaaberout elquthe i Nsi de a
stage where a.prismredjrects.t l.i ght com n out .of the |len t 90
degrees (T MASSF DI 91 PrrHe all Sy ar B Y S e F e aRich i s used
to refocus Whea thé ghihg &t predhed entuglanae theflemrs capkctle alacdd, berpin Fhévwdpt | cal

fiber |ead romthe stag toa@e ector.locaﬁee otsidetrlrll m _croscope.
The det ethug?J g’é%dtﬂfags%er?g RGP nﬁlﬁﬁﬂ’ﬁ‘ﬁén E%CSEO SV e : F8f%each phot on
It comes to its natural position where it is sealing the chamber. Thus, the chamber is finally
completely sealed at that stage. This assembly (Parts A to E) is then turned to its normal

position (up-side up) and inserted inside the microscope stage specially designed for it.

Figure 8§ shows a microscope stage suitable for use with the assembly. The top cavity of
the stage (2) is the recess into which the Sample Chamber is inserted. Just below it is a
prism. The prism (1) is used to redirect the light in the direction of a hole . In this hole, a

lens (not shown) focuses the light at the entrance of an optical fiber.

In order to get better light collection efficiency an alternative setup was designed where a
direct coupling between the biological sample and a light guide is established. This
alternative setup is shown in Fig 9. It contains a vacuum tight chamber with a light going
directly from the sample region to the single photon detector setup described above. In this
drawing the housing (1), is attached to the support (2), and a cover (3), using screws (6.,7),
within is situated a cavity disk (4), with the membrane (9), further connected to the light

guide (3), sealed with the o-rings (8).
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detected, the output signal is a TTL signal (0-5V square signal). The

out put of the detector is connected to a conputer card, which counts the
nunber of TTL signals (photons) received. The conputer card receives al so
several signals fromthe mcroscope: beginning of an inmage acquisition;
begi nning of a new franme; beginning of a newline. Using app;op ﬁte
software specially designed, the inmage is reconstructed in re n@ﬂ5from
the collected data. Figure 6 shows the Sanple Chanber with the different

conmponent ]io%rﬁs alE aseserrbl ed together. The individual parts are described

in detail -E. Assenbl | ng the set-up for fluorescence

exper | mantThf: c%xl#gn? mvergnon LS)_u{%anJ?(be? {ma'&mo ce Z?rﬁ[?orﬁlerg%ﬁl etltﬁ er tﬁe L gaceﬁnlb & used for

t he fluoreéesce experi con € Si 61 € of

sever al mtJhdaxtrMeHml&paﬁsdﬁaa:I&’ﬂ!.t er (not shown) is put up si de down on the
table. Part B is put inside taking care to align screw holes of parts A
and B. Twdiffereit agsomhes camserohgdbrddrto peheltintBicelfite paendizaele is put in pl ace.
The nenbrane is nounted on a plastic support of 0.1nmthickness. The

di anet er &f the helsplambt veedsdipphratiohdke canondyemethes envobet wergabiligionis di anet er s

of the o-rLipgs, used. £ of 3nmdianmeter was previously prefornmed in
the m ddl etog OnhLBSf Cgll-?l?%lgrg{ljpport this is the region where the nenbrane

is free. ADTEENNGIVE @Pnf@acst\ﬂti,% ipsuitaie toslivies Etlhes texausert thalmagrrey thesfigh ke
menbr ane, Fanaslcytdutc§ea@md4rﬁe cegsasa}l ﬁﬁréaﬁertb@%ﬂed 0 e%‘géq wHilk dHe§ afermog gpt that the

hori zontal canal i1s aligne APR the side hole of part A
The 6 scr BRRCYEtie reapkdesr aresgrvesTyebilims b tharvel] fphistpsrigxmet unged the aaperriaer ened

t oget her. coEBﬁo@ﬁqll@wé ﬁlsémg)l@&@gﬁ (ﬁl?org@errt 'nlal-l&g M‘n’icﬁt Xﬁhgﬁppllgitloﬁ@y ot her
aqueous nedi um The urd mediumis deposited inside the free space in

the ni ddl'&osn pathe e“f) emamqgcqlq prdiclss j(py rapsilady dovabie fox thsi Prefinh (0.1 mm
di anet er ) ojpficdiBSeEsRArebRE ALY RaveNEL DY SuccBE &F fkE@&- iR belddenShdgscr@f part A

and C. The pin i's inserted deep inside, until its éxtremty reaches the
wet chanb¥ple inpide celispis- extrenity of the pin goes outside. The last o-ring

i's put  iFbohldiRhiRaSnd BRBidn focedis atré‘]élﬁtaﬁl: ARl n-del e £amgts be put in
pl ace conpl etely, because the pinis there, just below. This is normal and

usef ul f cien Phadopisty dsoindige sfithﬁp@)‘lfatOPwatlt the(fr@dﬁt?@ilHWﬁg therpel HEMRT2EYP t he tens

to colli q@stt@regtggodléxgms not shown) is put in the assenbly. The inner side
of the lens is wet the mediumfilling the chanber. Finally Part Eis
i nsert ed. EN&Rntangd rﬁm@nm@?@ﬂs it the priemel HermRsas A5 Ithe callhe ﬁp%rc@mﬂefem th the

lens) is ph&sgethen immediately after, the cell is fixed. This kind of procedure is good for
visualizing structures in the cytoplasm, the nucleus or the cytoskeleton.
Fixation and permeabilization means the cells are fixed first and further, the cell membrane
is made permeable.
Pinocytotic reaction is suitable for living cells. For example one can use an agent such as
the commercially available Influx (Molecular Probes I-14402 to introduce particles inside
the cells. The Influx cell-loading technique is based on the osmotic lysis of pinocytotic
vesicles. Briefly, compounds to be loaded are mixed at high concentration with a
hypertonic medium, allowing the material to be carried into the cells via pinocytotic
vesicles. The cells are then transferred to a hypotonic medium, which results in the release
of trapped material from the pinocytotic vesicles within the cells, filling the cytosol with
the compounds.
Following the protocols given by Molecular Probes we introduced Colloidal Gold, hundred
nanometer size gold particles, fluorescent beads on the micron scale, and quantum dots

inside cells. The cells can be fixed and gold or silver enhanced prior to observation. When



progressively on the o-ring (of Part C). Since the o-ring is not conpletely -
in place because of the pin, it does not isolate yet the chanber fromthe
outsi de. Wien screwing Part E, the volunme of the wet chanber is decreased,
thus the nmediumin excess can flow out below the o-ring, in close
proxinmty to the pin. Usually, sone droplets flow out from theZdahRR 20
Part C. Wen the o-ring is pressed enough, and the lens is correctly

pl aced, the pinis slowy pulled out. At that stage of the assenbly, the
0-1ing in RAbthB hehdd 8&elin PRFMPYAbF HehEIISRACEN mdst of MRS pb@mirkss Nat ur al
position where it is sealing the chanber. Thus, the chanber is finally
conpletelﬁmg@aﬁédwaﬁm?ﬂﬁﬁ1%3@6@fmTﬁﬂ§‘ﬁ§%@ﬁbly (Parts Ato E) is then
turned to deliSulfRE BBlivind @8l bdr08 168808 oikPPar@d WilSEW tigkhet RSiheleis he

m croscope stage specially designed for it. Figure 8 shows a nicroscope

st age sui t'‘RFFenRlEy parecohfitvplop Qh%‘%é?rﬁﬂwcwwgﬁbe RSP vegfion YiESSst age ( 2)
i's the reeegtavidi-Biowh bl \8eRARTE @rNRMRAGH theSarl. T881de@ 6 olhiGbabeleow it is a
prism The prism (1) is used to redirect the light in the direction of a
hol e . |n°ilﬁi“§ﬂwt@,th§ will affech tp 8 cerstippiyentage a5 Be Proas op it R £UtRe ent r ance
of an opt irgé, thkicEBfare ih&ubeleiith bRep@RTdiDBIE o dol fatticles @lat RULakadh tefiki Ci ency an
alternative setup was designed where a direct coupling between t{he

bi ol ogi caPExnIEosh%a oA PlofigRer HEHbakeT But I prefullk septrofipd SINCHfPERYEL | ve set up

i's shown biBtikbid th® mekibrsz Broddif haf pYrAGH ei¥lrtab@ht, 60 2RI ceWdédh. Difrdrght goi ng

directly fromthe sanple region tao the single photon degfctﬁéﬂfe&up

descri bedS™HBHVEYE VRN G 85'irg fohe oaEephapriigations: se gy SHHEYES t he

support (wih rédldd CRUEN e &3 HofBhAFese WS, (\Bnal) .of Méntalildyy| 94,S23luat ed a

cavity disk ég{, with the nmenbrane (9), further conngﬁted t he |ight
e

1 ) Q t
gui de (5)22 4881 e6Mhi RriviHE br MPRGLS( B HemaplogyaBR BEOMOLabelt g
t echni quesferchb® BaERE MiotinWRIM by defs Siithtliak! @ doQhadgdRihe bxdgly agdNpPonent s
in either the intracg%lular or  the extracellular parts of a cell.

Di f f er entPeHRIY WAL HEE dgeRiop e diBHETeaurERd 859 hbel intracel lular parts of a
cell: If the cells can be used after fixation, the common nethods involve
perneabilization or extraction of the cell nenbrane. An alternative

appr oach, Mwb @RS, SULkiabUevelopmehtMhAAGvil @lckeSse thSubtPui Bpetllel il3pectiar ker s

t hrough a . .pi nocytotic reactiqn. The cells can.thereafter be f'xgd or

obser ved WHi PETFRE Sy e dPPVE e BN GETE S TR0 B Br¥serVes

vi abi | i t roprotiived oglihtegrhted tsilicon p@késedsmelluclpd@eir tibe th pidd@oiuaine cacondi ti ons.

It allows !31'2 eeurl tplarrz]lgel;ncoolnsel é’lrlabq)sl T fu!:llﬁlg Ehe(ess%z?nr}lgngrrt?'nﬁekﬁﬁsthé Elulgigessg 09 l'cl S}Eple

appl i cat GRS
based system. Further details of the microcolumns are given in Feinerman and Crewe
“Miniature Electron Optics”, Advances in Imaging and Electron Physics, Vol. 102, 187
(1998) as well as U.S. Patent No. 5,122,663, the contents of which are hereby incorporated
by reference as if fully disclosed herein. This idea of utilizing microcolumns-based
electron microscopes in biological applications is described at length in the copending PCT

application, entitled “Method of identification and quantification of biological molecules

and apparatus therefore” (PCT/IL01/00764).

The following examples of the principles of the present invention are provided solely for

illustrative purposes intended to be coustrued in a non-limitative fashion.

Examples

Growing cells on the partition membrane

The following are exemplary procedures for growing cells on the membrane given as

nonlimiting examples. The polyimide partition membranes are first coated with fibronectin
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known in the art) or nanoscale particles (as particularly suitable for the
present application). Sone researchers have reported success in

i ntroduci ng beads on the mcron scale inside cells also. Permeabilization
and extraction procedures are suitable for fixed cells. Severaj ypsmc res
can be adopted, depending if the operator want to renove conpletely t

cell nmenbrane or just create sone pores. Extraction and fixation means
that the external nenbrane of the cell is first conpletely renoved. Then,
i mredi at eliy | fhRl for t Deifieds! Ak JdskiB8 widl BBS ah Bilood mPEiRE EAHE Sreiphurgood for

vi sual i zi ng structures in the cytoplasm the nucleus or the cy oskel et on.
Fi xati on ahéhepeishiarsat F%friteﬁorﬁééﬁgoﬂhﬁl) eeélmusl%nlé nt petiambersditimd furt her,

the cell mBIDEARGre sty TRASRKIAIBARD BingPMRRCY] §fpe cAneB6H I08Mhd SarSiibnt abl e for
living cells. For exanple one can use an agent such as the comercially

avai | abl e TERPIRs ‘“(el\’fb‘f’lg‘t?ﬁ‘l e SERReB e ap-afduonl mstnin ko fbreaechar byt P i nsi de

the cell ssuchREndiddhs Y G/@ulli'ble%gzl melvtte%ewagiee ofrsiubias f RRnditewREMBt i C | ysis
of pinocytotic vesic npounds to be | oaded are nixed at  hi gh

es.
concent r aPieFuRF-the éilabIHVﬁéFhFGﬁlisds ‘Fr@éé‘ff‘iﬁ‘ﬁd by1ap o thepe PFRSCHEter i al to be

carried i mho b GRlehtonVisacdipRORY tath Goth VRREEHCShd RLadhelehS calse(ab hen
transferred to_a hypotonic nedium which results in the rel ease of trapped
mat eri al fﬁﬂ&&%l@%@eﬁwﬁﬂw} &1 the RERgse PEEaging ppadhsentells §ymphacyEhgTt he

cytosol  Wedahple§, RElIsGRIMROUASISd 15@u§p%oﬂgarﬁh§enm119%&@ Sih&He & doMinWRE ecul ar
Probes we introduced Coll oi dal dred npananeter size gold

parti cl es®ntf ¢ pRgH o8 AspPrapR Bgdregipd ‘c"ﬁ}éo ﬁ'r/"d%ob’nly%%foél 3dRdsquant um dot's i nsi de
cells. The cells can be fixed and gold or silver enhanced prior to
observation. Wien 33 7 2 APR 2005 using this nmethod a certain percentage of
t he cel | syvdiiRizidsFadiRGén QimdeBe experinents perfornmed; no nore than 10-20%
of the cells were lost. Cell surface of living cells can be |abeled with

gol d par tCwteaty we tekentptify Ghegagenaimicst dfemndetulted prokessex edtploarayshortatnecol
tilizes

developed f.or onj u ion nvent.i gn

strept avi'dih (SBGO(%?S) &I‘eckﬂ 4 rﬁglﬁ%‘}nhtﬁlﬂfg 'téh egﬁs g’wﬁakeﬂ e’ glr t‘Pmﬁ]e idea is
t o i ncubatrelutdiey diet tagiculs fdunixd int thaeleduah bedn hittag tiechatérondecos t ai N per cent age
of the proteins on the cell surface. Then, the cells are incubated with
st r ept aviQ@ierpobsitik eithteey agrobstl syrhrdainegeess restudeiiatiditigasttadie medivhef thei ot i n. The

%zﬁge Ofcell?g t%ltl \_Ooufl@ Ebsbr@%q‘gdl&% ]de&}ce(i) gy ‘t:haerr% Htllcln}/ tlﬁepé% rrﬁlimnﬁging $ience too

radiation damage to the cells. Any known compounds suitable for radical scavenging may

be used as long as it is non-toxic to the cells. One exemplary candidate for such an additive
is sucrose, which has been identified as a free radicals absorber. This solution is only
possible with the current invention since conventional electron beam technology does not

work in a wet environment.

Cell labeling by immunolabeling
Labeling cells is done by the regular immunolabeling procedures. Cells were washed, and

optionally fixed by 2% paraformaldehyde for 7 minutes. Following blocking with the
appropriate serum, cells were incubated with a specific mono or polyclonal antibody for 1
hour. After washing, the samples are incubated with a second antibody that recognizes the
first specific antibody. This second antibody is linked to a 5, 10, 20 or 40 nm gold cluster.
The gold labeling may then be further amplified by silver enhancement, using conditions

carefully calibrated for each colloid.



biotin on the nenbrane protein may perturb their activity and i nduce cell
death. Different studies have shown biotin can be used for cell tracking
applications. Several studies dealt wth red blood cells (e.g.,

Hof f mann- Fezer et al., Annals of Hematol ogy, 74, 231- 238, 19972 AWPR, 2015 A.
and C. Know es, Exp Hematol ogy. 23, 996-1001, 1995, and references
therein). Biotin |abels many cells with little or no change in their

bi ol ogy and permts bot h their detection and their recovery if needed.

M crocol unms.; A f LUl Lhar dee‘é?! Qéaneglglb)trat}l%t wi Il increase throughput is

par al | el |‘nspech—on—vm—f;ﬁ—rﬁ't1-otoﬁgm-rrrThe m crocolums are mniature
scanni ng €lre BEp satregblagted silicon
processes- e to their.si ocol un 0 rallel;
consi der ab e)F/PJ ret ?cht"ﬁ’g i Zg/ganr?ﬁ%?%n&nlde%e H gﬁele(ﬁtﬂl% %glss of regepg%M based
system Fuoronbdonat ettdiods (af RAE2 myobheae)l onasgi-BER ngmveamal antfeed:n&k4Pan and

Crewe " ectraon tics", ances in tron
Physi cs, \/%’Sii%#lﬁﬁeﬂi e TT@@ G g@‘e&é qe{ %’@ter I5a|{Hﬁg 101(%0?96506%5g§63 t he.
contents Gkedpanchlvar enhhreembry waATOED OF mbxedse tlng/sureen‘femeelnbyhngsamcﬂesf dhly
el osed,18F 80 THL %l 9530l hd 210, ULGTQB0LATTRG WSS RLgs T on
copendi ngelr@Pns eH) imwat.i Tta FGEntdeploedold Matlmgdanbe sedlemhri[ghtsaets ombahd
gquantific par t

(PCT/1LA ?%16%4@4 nkT)lt r?%%?%eﬂ?bgﬁg tﬁrs 2 ?IS{%E O% tﬁé 5r%’l %Zlé%é?fgﬁ e pr esent

i nvent i onlG3-B. preolzdess sf)ﬂhellqbctﬁrtzrarourﬂdlthsmucm$ yrea pulnmsé@fltwp@qqded to be
const rued = LI vV, h t he
partiti ondlﬁrfgrngbregﬁgm%‘ %mh%azl% d EncgéaFglrziel§?§>ﬁrrp{:}$g#ry tB%ég%%{}gj élcrgéf’%b'%angp ow ng cells
on the medtar arbingoarenvhals ﬂlemt ik lpbﬂjmehamcﬂ gsi arophe thg ohgj¢usisdfezzgar t i t i on
menbr anes’ﬂ?erﬁzglﬁersi Bt &19%[)% 1Wtﬁehre%1!op ev1genze ’ﬁP %gﬁ%thhel ng/ n )

for 15 m nutes ter washing w turemalum cells are plated
i n the usladls walis regioncemivehtr exey o thﬁ pa@ﬂ@ﬂl@@mra@el"ﬂhss fhzzinpss-aggally per
chamber . pLiigls 2ol RPWeSuchEhlSid & heand0l JPRLAULAL QNILANG! GO NOST
cell types can grow on the partition rane itself wthout the support
of an addiattition alembene mWCPlpKHICﬁngt)thwnﬁd@mnnlon%utforund@r Usiggahage @pdlvds ons t hey
woul d be I hing

pr ocedur ea;% ﬂhes t\léiﬁa % aé?@o%’@e%ﬂ%glugh, tshgltégeahgtf Ehg? ?cgeééngpﬁwﬁ%ﬁg@ofn t hese

pr ocedur éke parﬁéom@pméme Pmﬂ/élmlﬂ@h; a5 provifrat irthee apfurdic poirstiepeient and

non- adhergpt,.cel ls (as

To achieve a higher resolution image of labels on the distal side of the cell (opposite to
side attached to the membrane substratum) another chamber design can be applied. In such
a design the cells are grown on a flat platform with only a thin layer of liquid covering
them. Then the partition membrane is placed on top of that platform covering the cells. In

this way the top side of the cell is imaged and the cells are still in wet environment.

Live non-labeled adberent cells under the membrane

Live C2C12 mouse myoblasts. Cells were plated on fibronectin in their normal culture

medium. After 24 hours the cells were examined with the BSE mode. The live C2C12 cells
(Figure 11 A-D) and CHO cells (Figure 12) show clearly the outline of the cell and its

nucleolus as well as some sub-nuclei organelles.

The JL-2 receptor alpha labeled on Jurkat human lymphocvte

Ceils were labeled with anti human [L-2 receptor monoclonal antibody followed by anti

mouse [gG linked to 20 nm-diameter gold colloids. The cells were allowed to adhere onto
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exenplified hereinbel ow). For the purpose of imaging non-adherent cells
(l'ymphocytes for exanple), cells are first |abeled in suspension, and then
al l owed to adhere for 30 minutes onto a partition nmenbrane pre-treated
with 0.49% poly-lysine for 1-3 hours. Mninizing radiation da@ggaPRypgsent |y
we exenplify imge dynam cs of undisturbed processes only on a short tine
scal e (seconds). One ki nd of radiation damage that needs to be taken care
is the dana roduce free r dIC the electro eam
hitting the‘%\%all)fge o oezlcedl SEHORTETS 6%1156#% | e g]fnr efé‘ﬁ% g AL I %arrage i's

t 0 i ncl ud@8S&ddidei Kege tld shidwe mmmtl mmoﬁfoctl.heold taebling rbmmo\fmni tpadadicd free
radi cal s duce e r t an ther the di ation
damage to%ffﬁéen?:eesl Fp%erAn % v?/nlcco HEmds® CP a%} g Pﬁo#rqgc%{)cf’ g qe?scgff/engl ng
may be udieel GXCIR g Ia)a) |at1d ESFnenptbioxbeting ofA!rﬁe celtd (Figs. OBeDEexenpl ary

candi date for such an additive 1is sucrose, which has been identified as a
free radicals absorber. This solution is only possible with the current
vt Onrakie i ERUNE i PRl Sl ELEBNDeRL O] 0y does ot work 10
wet envir ng Labeling cells is done by
t he regul &ren thenghdicaimkl ngathrroceld UpedablCdid ® peer Bshwaslirstion effidenwpt i onal |y
fixed by G%.BRIA QLORIARRKEC ThOLeuL Al ULES o EOLLAM BE RLAEKIBGONEL N he
appropriate serum cells were | ncubat specific m)no or polycl onal
anti body #asis of thenenlirare Afitpmingagshi)- nlgflthtcﬁe rr@skm:;l ag mﬂe ihprevadatodiectaint h a
second an o e first specific antibody. This second
ant i body %%B?I%Irﬁél 2 ﬁe??egglmiéj §§%§Q§tred 40 amgol d cluster. The gold | abeling
may then G& eecepqeninpdel 85 NEIT3eNh hmoaesesnt matsisigreosmdied i ons
careful 'y, r. e i PR g9 el | under
the parti T ﬁ%énée?rge?}%ﬁgﬂ e t%ﬁ GfCI% q[th ﬁ%fn eﬁzﬁg %‘lrré %t% Glgglg,: AL fé;@fjth%%l cells
and C2Clehnassown abfigstsl4 A6 T asd madth lSﬁédlt\M)mr@% par af or mal dehyde and

| abel ed with anti FGF receptor nonoclonal antibody (on C2Cl2 nyobl asts) or
anti - EGF rmnocl onal antl body (A431 cells) followed by anti nouse |19gG

| i nked t Q812G 3 O § g The cells were fixed, and silver
enhancemgit,. Was used to increase the size of the |abeli ng particles. An
XL30 ESEM was used for imaging and the cells were examned with the '
backscat tHed'HSel @biotin (BerpB8ER 2 hidisec veTHeng aFinr [ eptend kegolati+Cabel i ng can be

seen as @tﬂeﬂmdlﬁ ARt t(pgbltlpﬁiracles of diameter 10nm to 40nm
Phosphate buffered physiological saline (PBS) pre warmed at 37°C.

Culture Medium for the cell line (pre warmed at culture temperature for the cell line).
Serum free medium pre warmed. '

Solutions to prepare:

solution A : Sulfo-NHS-LC-biotin at 0.5mg/ml in prewarmed PBS. Solution has to be
made just prior to use since degradation occurs in water.

solution B : Streptavidin gold dissolved (1/10 to 1/100) in PBS + serum free medium (1 to
5 volume ratio).

solution C : full medium - PBS solution (1 to 5 volume ratio).

Procedure:
1. trypsinization of the cells.
2. centrifugation at 1250 t/min for 4 minutes.

3. remove supernatant and resuspend in 10 ml fresh medium

=

. take 3ml divided in two 1.5ml eppendorf tubes.

[¥N)
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cells shown in Figure 10A. The EGF receptors are visible on the A431 cells
of Figures | OB-D. The fuzziness of the | abeling around the nucl eus area
is the result of topographic differences between the gold particles. Gold
| abeling close to the partition nmenbrane is clear and in fo@usappiylse the
nore distal |abeling beyond and around the nucleus is fuzzy. The fuzziness
of the labels in the region of the nucleus is evidence for the fact that
the |abelss L&tﬁéﬂbﬁlofl%doqﬂmﬂrf& fHrther away fromthe partition nenbrane.
This fuzzi ness actua provides a tool for the determination of the

di st ance of6. tdwwmv@aﬁpeﬁﬁbﬂﬁéempaﬁetaw the partition menbrane hence
providi ng thy, JTERS f i o | gorithns
that are capa%%yq%f de%:tgr?\%‘f u%lltﬁgﬁ?l%egﬂ}lf%@%ﬂg (?ﬁ%‘?hagg{% %L%é(ﬁ)ér?glce%edl um

bet ween t Recqpiitegetdgen fordnpinaise and the | abel s can provide a rather
accur at ¢ _estipld A la dullbin fofkBRAT R JQpatHEXE: AR bEl pigsalul i on | mage
of labels on the distal sid he cel Fopposﬂe to side attached to the
menbr ane stfbsrtcmaﬂttwwmﬁﬁéfrr@h@nﬁe&(smgghemammbe applied. In such a
design the cellssare grown on a flat platformw th only a thin |ayer of
liquid covering them Then the partition nenbrane is placed on top of that
pl atform c@\/éqﬁioﬁgﬂtph@a@@tlalﬂéfeSPSrﬁenCtlhllsSmA/a§/erSh®leﬂJG@ side of the cell is

i maged and H%S?ﬁ?'td p%tl?‘&l@hea)f thbmbnddBhd ﬁ%a{eQW%ourl—fo%@erH@Ht'l abel ed
adherent célls under menbrane Live C2CL2 nouse nyoblasts. Cells were

pl ated on Hlﬁ(ﬁ%‘rﬂe%tlm?ﬁ‘i’ll‘h?%l r normal culture medium After 24 hours the
cells mre{bemﬁﬂa&%tlwghnloh@efo% HIBAR A kil SorheliMEs E4Gssible. Cel 1S (Figure | 1
A-D) and CHO cel (Figure 12) show clearly the outline of the cell and its
nucl eol us lésWWéllrz #gessge Bub- nucl ei organel les. The IL -2 receptor al pha

| abel ed on7Jupkat pERIRNIABD QNS el | s were labeled with anti hunman TL-2
receptor nonoclonal antibody followed by anti nouse 1gG linked to 20

nm di anet & gorad ey aien inthe clggongnigieseral | owed to adhere onto 36 .17 APR
2005 a polylysine pre-coated partition nenbrane for 30 m nutes and then
examned with_the BSE node. Figure 13 shows in and out of focus gold

| abel i ng #&&Mﬁﬂi@%etcé%bﬁf%ﬁmf@emﬂWFﬁeé’Fcé‘ﬁtléféd Hé‘tlwgéchtotsﬁé’tadtﬁ”ﬁ particles
as previ oisdntd &LRm Jdid ReickSaskREaRh Slgutadel i ng of  fixed C2C 12 (Fig. |
M), and EGF receptor |abeling of A431 cells (Figs. | OB-D). Inmges taken
wi th this cathodol um nescence (CL) setup. Even though the signal is rather
weak (probably due to poor light collection efficiency),

It will be appreciated by persons skilled in the art that the present invention is
not limited to what has been particularly shown and described hereinabove. Rather, the
scope of the present invention includes both combinations and subcombinations of the
various features described hereinabove as well as variations and modifications thereof
which would occur to persons skilled in the art upon reading the foregoing description and

which are not in the prior art.



the cells are clearly observed. The cells are observed even w thout CL
markers (i.e. some parts of the cell are autolum nescent). Wth CL markers
and with inproved collection efficiency much higher resolution is
expect ed. Cat hodol um nescence i mage of fixed cells N H3T3. I\Iojgnjxps;@?@gnt
markers were inserted in the cells. Thus the light emtted results m
the "natural' cathodol um nescence of the cells, as shown in Figures 14
A-C. The cell width is about 20m crons. Biotin-Based Labeling on N H3T3
cells: lotinatmeyials: Sulfo-NHS-LC-biotin (Sigm 131022) (dissolve 10 ng/m
in DMSO and keep at 4C). Streptavidin linked to gold particles of dianeter
10nm to 40nm Phosphat e buffered physiol ogi cal saline (PBS) pre warned at
37C. Culture Mediumfor the cell line (pre warnmed at culture tenperature
for the cell line) rumfree nediu re warned. Solutions to prepare:
sol uti onﬁA : Sul fo‘l}ﬁﬁg—%ﬁ%@ %Iil%?ﬁuﬁe 50 ncé’ "S- prewar med PBS. Sol ution has
to be nmade just rarﬁgfd bfecitien SnbloSudedisR Rl in@Na® Gpbftsrel AndVakfhings@l ution B
. Streptavidin gold dissolved (/10 to 1/100) in PBS + serumfree nedium (1
to 5 voinglesed sperigyen plaemenbriolgme; énd | nedi um - PBS sol ution (1 to 5 vol une
rati o). Procedure: Ltrypsinizatipn gf.the cells, 2. centrif Lon at
1950 1/ mn for 4 rriiaoh 8k baR B, Al fheifeetlh o ulfplenrtiYiE
fresh mediliip sdd sperhBersplacemehtdesiuing & WeidlapeftlreeRP@Ng @b funidibeside 3didl 7 APR
2Wb 5. centrifugation 1600 t/mn for 3 mnutes. 6. renopve as much as
possi bl €0¢lREIIsuper nat ant. 7. gently add PBS at 37 degrees to obtain 1.5nt
in the tubes (washing). Resuspend cells. 8. centrifuge again for 3
m nutes. 9. renove PBS and add biotin (solution A). Resuspend the cells and
‘m x wel 2.but gent |4y specifien enslodiad asenbBy actRadifg 3o fctaim2D and miieean (sahlaki ng
every 3m'ng_ ) e ..

covér is formed from a material selected from the group consisting of: polyimide,
polyamide, polyamide-imide, polyethylene, polypyrrole, PARLODION, COLLODION,
KAPTON, FORMVAR, VINYLEC, BUTVAR, PIOLOFORM, silicon dioxide, silicon

monoxide and carbon.

3. A specimen enclosure assembly according to either of the preceding
claims 1 and 2 and also comprising an apertured mechanical support for said cover,

which defines openings having at least one dimension of no less than 100 microns.

4. A specimen enclosure assembly according to any of the preceding claims
1-3 and wherein said enclosure dish is constructed and configured so as to prevent
transmission of electron beams through said specimen enclosure assembly while
permitting impingement of electrons into said specimen placement volume and
reflection of said electrons from locations within said specimen placement volume.

5. A specimen enclosure assembly according to any of the preceding claims
1- 4 and wherein said enclosure dish and said cover are constructed and configured so

as to ensure a specimen is engaged with said cover.
6. A specimen enclosure assembly according to any of the preceding claims
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11. centrifuge 12. renove supernatant and resuspend in 1.5nml of fresh
medium 13. transfer to petri dishes or nenbranes and incubate for few
hours to overnight. 14. wash 1-2 tinmes with PBS. 15. |ncubat® 7wAPR 2005
Solution B for one hour and m x sonetines if possible. 16. wash 1-2 tines
with PBS. 17. renove PBS and replace by solution C. 18. Proceed to

observati pg afll Wheredd Q& Q&VeMgeR@aItPRE ghé VinpamMNablE3yr @l kb leadhe fedsiie

surface proteins were biotinylated and linked to Steptavidin attached to
40nm gol d2ipaiens @fi s atmespiewn in Figure 15. It will be appreciated by
persons skilled in the art that the present invention is not linmted to
what has been particularly shown and descri bed herei nabove. Rather, the

scope of 7ie preseni spaimeh jbmoéuﬁ*@&sselxﬁmyb&t;&dﬁ%éeiaﬁﬂfo&"&;@r&wing claims
subconbi nations of the various features described hereinabove as well as
vari at i onls® and whetin said ehelassdtshesimen plashinent vodwrhel hascdimensiongodl} 8byyBichki | | ed

oror - ar 48 TR E s ihorcine i R0 SrRm i Wil e P She Bl ' T

conpri si pddcemeht @ldmspeci men encl osure di sh having an aperture and defining
an encl osed speci nen pl acenent vol une; and an el ectron beam perneabl e,
fluid inperneabl e, vacuumtol erant cover sealing said specinen placenent

vol ue at sat d apers Wi e oMol I QLB 883 duy SPRL QR ing i

speci nen éncl osure’"a accordrng ein sai cover is
formed flomued Wakein 8did SOVECERErallly GRpehfedltonel6onk Haling ddbrgiesddl tiem de,
pol yam de, polyan de-im de, polyethylene, polypyrrole, PARLODI ON,

COLLODI CN}ngCIQAéTGQ,K%QWAR, VI NYLEC, BUTVAR, PIOLOFORM silicon di oxi de,
silicon nonoxide and carbon. 3. A specinen enclosure assenbly according to
either of the preceding clains | and 2 and al so conprising an apertured
mechani c@l support Af ecisfinttnel¥@ assembly according to any of the preceding claims

1-8 and also comprising a pressure relief device communicating with said enclosed

specimen placement volume.

10. A specimen enclosure assembly according to any of the preceding claims
1-9 and also comprising a light collector operative to collect light generated from an
interaction between electrons and a specimen at a location within said enclosed -

specimen placement volume.

11. A specimen enclosure assembly comprising:

an enclosure structure defining an enclosed specimen placement volume
having an aperture;
' an electron beam permeable and fluid impermeable layer covering said
aperture and sealing said specimen placement volume from a volume outside said
enclosure,

said enclosure structure being constructed and configured so as to
prevent transmission of electron beams through said specimen enclosure assembly while
permitting impingement of electron beams into said specimen placement volume and
reflection of said electron beams from locations within said specimen placement

volume.
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whi ch defines openings having at | east one di nension of no | ess than 100

m crons. 4. A specinen encl osure assenbly according to any of the preceding
clainms - 1-3 and wherein said enclosure dish is constructed an%s_ %%mwed
So as to prevent transm ssion of electron beans through said: % '

encl osure assenbly while permtting inpingenent of electrons into said
speci nen placenent volune and reflection of said electrons fromlocations
wi thin said speci nen placenent volune. 5. A specinmen encl osure assenbly
accordi nglzo any ofAtheipeeesdosuge adsainby actording s clahien éiand seiecciemaiiosur e

di sh and said. c ver e constructed and. configured so, as tQ ensur.e a
speci men 1R¥Tel Cﬂ‘l asg}ager@g\;gl,ecte@ from stihie cHTRER C@H?}F%Pg %@%‘é‘ﬁﬁ? y
accordin e Pﬂr:ﬁ 1 rein
sai d cov%oq%ggggﬁb yér@ge-gggﬁl ﬁplggtng E}]L.EB% trg)o%t a(étﬁ@ngFé@g“mMIgr adi ent
of one atkEPORY éORMVA&ﬁéMYﬂBEC,eBUH&MR,ePI&HS@E@RM atlicondiorgde. cilmoy of t he
pr ecedi n%écl alg{rs % and wherein said encl osed speci nen placenent vol une
has di nme eﬂnfiCB‘F O%hi ch exceed 10 microns and defines an aperture
comuni cating with said encl osed speci nen placenent volunme. 8. A specinen
encl osure assenbly according to any of the preceding clains 1-7 and

wher ei n 4ai d cover Agepeiath )enblssmeraxmﬂﬂbly adooﬁlli@:m antheth afitheg peacedig es i n

t he ran ﬁ 31 KeV. 9. s eci men encl osu assenbl accoc{@ynlg to any
of the p il g'mé g alsgo go %g%aE‘HFPB? &5 a%c rSBB for s devi ce

conmuni C@Hﬁ&ﬂdéﬂn%@oﬁ&h@s%@ing%?ﬁas%@% i gﬁfogf%ggthmmm A speci nen

encl osure assenbly according to any of the preceding clains 1-9 and al so
conprising a light collector operative to collect |ight generated from an

interaction between el ectrons and a specinen,.at a location w.thin.said
encl osed'“?s peci rrenAﬁpﬁﬁlg}‘Fﬁr‘?Pd\?Blfrﬁﬁﬁse”%Ty ageOLding f %ﬁ[ilf: BE%F@ngéaé%gl y
conprisi ng:- af SRCKLASKEE s&ldr Bcl ot Qf%ﬁétﬁfengn@%aﬁnﬁy‘éﬁea@e Peashiv phacenent
vol une having an aperture; an el ectron beam perneable and fluid

i mper nmeabirdigusgdeto as¢9 ensunga specinen is engaged with said layer.

15. A specimen enclosure assembly according to any of the preceding claims
11 - 14 and wherein said layer generally is gas impermeable up to at least a pressure

gradient of one atmosphere.

16. A specimen enclosure assembly according to any of the preceding claims
11 - 15 and wherein said enclosed specimen placement volume has dimensions all of
which exceed 10 microns and defines an aperture communicating with said enclosed

specimen placement volume.

17. A specimen enclosure assembly according to any of the preceding claims
11 - 16 and wherein said layer generally is permeable to electrons having energies in the

range of 2 - 30 KeV.
18. A specimen enclosure assembly according to any of the preceding claims

11 - 17 and also comprising a pressure relief device communicating with said enclosed

specimen placement volume.
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aperture and sealing said specinmen placenment volunme froma vol une outside
said enclosure, said.enclosure structure being constructed and confi gured
so"as to prevent transm ssion of el ectron beans through sai d23p&RR b

encl osure assenbly while permtting inpingenment of electron beans into

sai d speci nen placenent volune and reflection of said electron beans from
| ocati ons19 t hi n saAdpsgmeh rrtiopiraasseribly a@ioudrﬁg tedéllyZOf?cheﬁ@Rcaﬁﬁ)@chﬁns A

S ecinen closure assenmhly according to claim11l _and. wherein | ayer
ig f or med I] gﬁ’é‘g ?é?linalﬂﬂé%ﬁilégw Ieg@mowréﬂw W%&h@éﬂ?%@ﬁ“&? ?foraoﬁfyu ?n de,

pol yam de I p PARLGH

COLLODI O\Imt&%@&%ﬁm%g&% %CJ p%E%]F\?A%{ %P}/c%_%&_%:m sill cgﬁ% lgllsegm de,
silicon smomendda@nenceslian. 13. A speci nen encl osure assenbly according
to either of the preceding clainms 1 1 and 12 and al so conprising an
apertured nechani cal support for said layer; which defines openings having
at | east e di nmen 555 Jaterod]

encl osur em;ssenbl y %ggeo?g’leﬂlngm!tlo an%lsgo lg')’hée&![;)qrdg{cbe ]Og%%%nré ﬁms 3 and
wher ei n ski-d3 eamdl Ids1f ends twharsinis#id sendlosadedsthayee aad eaxdda;s&rranctcenbtmattd
configured so g ensure a specinen_ i s eng geg wlth said layer. 15. A
speci men BAEPB %‘F@ &3 g%mwmggéa?%mﬁ@qglgégﬁmt tRE B¥&ceding clainms 11 -
14 and wherein said |ayer generally is gas inperneable up to at |east a
pressure gradi ent of one atnosphere. 16. A specinen enclosure assenbly
accordi n@lt o any ofA sfeeiqenemetbisg astem ity coﬂn}arisin@S and wherein said encl osed
speci nen pl acenent vol i J whi ch exceed 10 .m crons

nme has di nme ons all
and defines an apetafll?Pgmé‘HFrﬁﬁ'H?tE@t‘{%‘Ié“ ?Ihe%%IPﬁfdeSHE?lﬁ?Bd’la%ﬁ‘SBﬁ Yrifme
p! acerrenmavaguaﬁnené ons Aal§p@fc ymmﬂqefégfeé&woe xflﬁ?&ﬁbbﬂd agaRidl NG Lferdy of the

precedi ng cl n said layer generally is perneable to
el ect r onsomawinngitieg e sesl ennldsd:tbsper:mn‘gqalaéerﬁent vemnkeV. 18. A speci rren

I bl di t di I - d
'S0 conpr 131 ng 2 fh CLGPE Her R Ao A CHETG [T Iodd S ooed

aperture and sealing said specimen placement volume from a volume outside said

enclosure,

said enclosure structure and said layer being constructed and configured
so as to permit impingement of electron beams into said specimen placement volume
and reflection of said electron beams from locations within said specimen placement

volume.

22. A specimen enclosure assembly according to claim 21 and wherein said
. layer is formed from a material selected from the group consisting of: polyimide,
polyamide, polyamide-imide, polyethylene, polypyrrole, PARLODION, COLLODION,
KAPTON, FORMVAR, VINYLEC, BUTVAR, PIOLOFORU, silicon dioxide, silicon

monoxide and carbon.

23. A specimen enclosure assembly according to either of the preceding
claims 21 and 22 and also comprising an apertured mechanical support for said layer,
which defines openings having at least one dimension of no less than 100 microns.

24, A specimen enclosure assembly according to any of the preceding claims
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speci nen pl acenent volune. 41 2 7 APR 2005 19. A specinen encl osure
assenbly according to any of the preceding clains 11 - 13 and al so
conprising a light collector operative to collect |ight gener&?e&?ﬂ‘pﬂpﬁn an
interaction between electrons and a specinen at a location within said
encl osed specinen placenent volune. 20. A specinen enclosure assenbly

accordi ng2t 0 BnyndoivhtReh paie ediod@reCdtaichiBe isl dorkBueted ah8-cbifianed whesseton sai d
encl osure structure and said |ayer are constructed and conf i%re .S0 as to
ensure a BiS¥enty@AsSsiengheleetron basmsdhroughyaid sperimemenshesureAsrerEnE MEdlSr e
assenbly 1sing:. c r.uct kN I gci men
pl acementﬁvo uﬁr%% Hr%’é{ll%&gi !ﬁg?\eg(%’cgrﬁgé a fo géﬁmgf%hmé{;gg%gm%gpn@%n:ﬂand

defi ni ng wfleaprdfdsid eleaoh fosdbtaBnymifhirsidsRbEhadststesacvdiane.pl acenent
vol une; an el ectron beam perneabl e and gas i nperneabl e | ayer covering said
aperture and sealing said specinmen placenment volume froma vol une outside

sai d enpij(? sur e, SaAgp %ﬂﬁénogﬁgl?su% &g&%w eac?@r(a'nsgq' CAn$' %¥9{e6}?gdeaglig%?ﬁﬁltsr .UCt ed
and confi'gured so‘'as o perm t I npi hgeren ot"%eP &8t Pon Beans Fnto said
speci men Jl aceimand wigdréifiesaidrehclogfireeghic@ite adndsedidl 18y cére oconbgantad fandm

| ocations wi.ithin said specinmen placenent volune. 22. A specinen enclosure
assenbl y cRBESEE 5y 2t © EPwR® SPeciaes inengearhwahisad 1ayer is formed from a
material selected fromthe group consisting of: polyimde, polyam de,

pol yam de-i m de, polyethylene, polypyrrole, PARLODI ON, COLLODION, KAPTON,
- FORWAR, 291 NYLEC, BUpsARen RhéoOrORMembily accordint mxdngtenf tisd precwding dd@nsxi de and
carbon. 23. A_specinen enclosure assenbly accord%qqg to eiﬁher of the

precedi ng?! cPai2RE VErHR gaIddaysiLcarely dd gptT IBpsEealic 4pdp el gt HBtiHF cal

support  LerySALEh@YiBlosphaid)i ch defines openi ngs having at |east one
di mensi off of no Pess toﬁ%ne 100 mcrons. 24. A specinen enclosure assenbly

according to any of the preceding clains 42 2 7 APR 2005
27. A specimen enclosure assembly according to any of the preceding claims

21-26 and wherein said layer generally is permeable to electrons having energies in the

range of 2 - 30 KeV.

28. A specimen enclosure assembly according to any of the preceding claims
21-27 and also comprising a pressure relief device communicating with said enclosed

specimen placement volume.

29. A specimen enclosure assembly according to any of the preceding claims
21-28 and also comprising a light collector operative to collect light generated from an
interaction between electrons and a specimen at a location within said enclosed

specimen placement volume.

30. A specimen enclosure assembly comprising:

an enclosure structure defining an enclosed specimen placement volume
and defining an aperture communicating with said enclosed specimen placement
volume;

an electron beam permeable and gas impermeable layer covering said

aperture and sealing said specimen placement volume from a volume outside said
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21 - 23 and wherein said enclosure structure is constructed and confi gured
so as to prevent transm ssion of el ectron beans through said specinen

encl osure assenbly while permtting inpingement of electrons|g ptgrrs gl
speci nen pl acenent volune and reflection of said electrons fromlocations
wi thin said speci nen placenent volune. 25. A specinen encl osure assenbly
accor di ngetdosareyand t he preceding clains 21 - 24 and wherein said

encl osure structure and said | ayer are constructed and, configured so as to
ensure a speci nen i%Pé‘??é‘ér@e’d’hﬁf‘ daviggicgmmyrasatingg with %aﬁféépﬁ@??de?ﬂ?lm&e&re
assenbly ageondkvgR any of the preceding clains 21 - 25 and wherein said
| ayer generally is gas inperneable up to at | east a pressure gradient of
one at nosphere. 27. A specinen enclosure assenbly according to any of the

precedi ng,clains 21-26_ and erein said | ayer, generally i erneable to
el ect rons’havi ng ed%rsﬁ?cé%l?‘il Ao pRgIe ﬁgﬁg@%@ﬁccg’rdmg@g Ry 3%_85‘.“%&&%%&3%%
encl osur g, 38S8Mkhe AR 4 B‘%t%’?dl amkcRb £58 ﬁ{eegx%qb cm&tnﬁilst?ﬁ%f: B&Y%ﬁd@nd al so

conprising a pressure relief device conmuni cattng sal d ‘encl osed
speci men pilyasidentol yephiderdmid29 poldethp kot nriy pnedl e SRERL OO IGOId0RINNg to

any of t i i - 28 al so conprising.a li.ght coll ector
oper at i vmwﬁﬁe?&ﬁ%ﬂ@ .@wﬁ %\gﬁéﬁét gg{hd\,r% glprgﬁpm’c%ﬂil%ﬂ? ‘iig’f% 1®ect r ons
and a spggbifiieahd@atdgati on within said enclosed specinmen placenment

vol une. 30. A specinen encl osure assenbly conprising: an encl osure
structure defining an encl osed speci nen pl acenent volune and defining an
aperture_gcomuni cating with said encl osed specj.nen pl.acenen vol une; an

el ectron 3%eam per meaSPEILRY GLOSHAASIHRRIE acce e FIEFT ggté%ipﬂscei Brture
and seal ich§m$ 80 GndPaCAIEAsPLAREHERE a¥ AbUTEref TUBHEAN¥A! B0 YSaitPlagas,d 43 17
APR 2 enclosure; and a pressure refief device comunicating with Said

encl osed véperdafimas opdnangsieming\es laastane 3 mensispetiaiess thac |l 68 mieoassenbl vy
according to claim 30 and wherein said

33. A specimen enclosure assembly according to any of the preceding claims
30-32 and wherein said enclosure structure and said layer are constructed and

configured so as to ensure a specimen is engaged with said layer.

5}

34, A specimen enclosure assembly according to any of the preceding claims

30 - 33 and wherein said layer generally is gas impermeable up to at least a pressure

gradient of one atmosphere.

35. A specimen enclosure assembly according to any of the preceding claims
30 - 34 and wherein said enclosed specimen placement volume has dimensions all of
which exceed 10 microns and defines an aperture communicating with said enclosed

specimen placement volume.

36. A specimen enclosure assembly according to any of the preceding claims
30 - 35 and wherein said layer generally is permeable to electrons having energies in the

range of 2 - 30 KeV.

37. A specimen enclosure assembly according to any of the preceding claims
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| ayer is formed froma material selected fromthe group consisting of.
pol yi m de, polyam de, pol yam de-i m de, polyethyl ene, polypyrrole,
PARLODI ON, COLLODI'QN, KAPTON, FORWAR, VINYLEC, BUTVAR, PICL@ECRWhé@incon
di oxi de, silicon nonoxide and carbon. 32. A specinmen enclosure ass |y
according to either of the preceding clainms 30 and 31 and al so conpri sing
an apert ub@d6nmd hboicoalprisingpRoli ghtf wilestai dpdratyerto collbdtdightgénensed fpenimgs
havi ng at .| east ope di mension of no | ess than 100 nicrqgg. 33, A specinen

encl osur el ERIPB] PELHERRD rUFHGDE Py SHECHRRD Bt i SRR P HRsSad B80S ang

wher ei n S?egim 19SHEt vdiipet ure and said | ayer are constructed an
configured so as to ensure a specinen is engaged with said layer. 34. A

speci nen encl osure assenbly according to any of the preceding clains 30 -
33 and whgrein said, | ayer generally is gas inperneable up to at | east a
pressure °Yradi ent FP HBe‘g?ﬁ‘Fg_%%’ﬁ%?‘%efn@ .acgog%%ﬁom Og‘ﬁ%ef)%ﬁ?dgnga_%lg‘é’?ﬁ)l y
accor di ng (.92 gRy3087 aﬁwﬂa&%ﬁ%&@enabah%m%@eg?@éa&g{p@emr&h&n&@e@mncI osed

speci nen pl acenent vol une has di nensions a h exceed 10 m crons
and def i neafiguredpers rersumaEpecicsn ingngdgeth vathi sdiddaydrosed  speci nen

pl acenent vol une. 36. A specinen encl osure assenbly according to any of the
preceding clains 30 - 35 and wherein said | ayer generally is perneable to

el ectrongghavi ng er}?E&hﬁﬁgieﬁb&ﬂaﬁ miEﬁﬂ?@pe fsse%nBly%QmﬁﬁéfnG::g_?- A speci men
encl osure "assenbly accordi'ng to any of ‘the precedihg cfainms 44 2 7 APR 2005

30-36 and al so conprseimggaclectgit ntiotdseapeoprovphingta beant wiceletteats td ght
generated froman. interactjon between el ectrons and a ‘Beci'men at a
SRAOT eVt

| ocat i on SRFEHFR G DERANSR 2 REBBEY CERBhTCETU 88. A specimen

gncl osur e assenbl y aagRahinnehd SR Yis @b GipogreH i foinih rHorddt and
34-37 and wherein said enclosure structure and said | ayer are constructed

and confrageure bekw the vaporgmsuine of wppecindeonipsisisggaged with sai d | ayer. 39.
A scanni ng el ectron m.groscope assenbly..conpr.i Si ng: a _scanni el ectron
ni cr oscope provi di ﬁg“%lgbséjﬁﬁll“gefl 8?‘38?”%%&1 gg%{ng an”apetute and définfng” &
enclosed specimen placement volume; and
an electron beam permeable, fluid impermeable, vacuum tolerant cover
sealing said specimen placement volume at said aperture from a volume outside said

enclosure.

40. A scanning electron microscope assembly according to claim 39 and
wherein said cover is formed from a material selected from the group consisting of:
polyimide, polyamide, polyamide-imide, polyethylene, polypyrrole, PARLODION,
COLLODION, KAPTON, FORMVAR, VINYLEC, BUTVAR, PIOLOFORM, silicon

dioxide, silicon monoxide and carbon.

41. A scanning electron microscope assembly according to either of the
preceding claims 39 and 40 and also comprising an apertured mechanical support for
said cover, which defines openings having at least one dimension of no less than 100

microns.

42. A scanning electron microscope assembly according to any of the

preceding claims 39 - 41 and wherein said enclosure dish is constructed and configured
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speci men region mai ntai ned at a pressure bel ow the vapor pressure of water;
a speci nen encl osure assenbly disposed in the specinen region at a

pressure bel ow the vapor pressure of water and conprising:. a ﬁﬁghﬁR%ﬂSCinen
encl osure dish having an aperture and defining an enclosed speci nen

pl acenent vol une; and an el ectron beam perneabl e, fluid inperneable, vacuum
tol erant eowerto meadnt Ngarsali$icnP 6L ielRtoR | RasREMtoush| sHid SF&ciﬁlail cknafpsuteur e
froma volume outside said enclosure. 40. A scanning electron m croscope
assenbl y #e¥BPli While (peandiing 39pmeamenthef elagtrans inte saisy spesiREy REGCHFYmM a

A i by L i de.
ol v o gtag R LA Qfbh 0 <0 WRGALALA L0 arighP i DeFpeREKARAL -
FORWAR, wdlt&EC, BUTVAR, Pl OLOFORM silicon dioxide, silicon nonoxide and

carbon. 41. A scanning electron m croscope assenbly according to either of
the preceding clains 39 and 40 and al so conprising an apertured nechani cal

support el - said ooVEhanih AlAG" LGS ARENNARLNUIDIAL HERN dNfhe

di mensi on of no less M crons. nni ng ectron m croscope
assenbl y ppaedindiokgnis G9amp o whigein B4id @aclonge dishiang s39 covetlarabshswietedi n sai d
encl osure dish_is constructed and configured 45 2 7 APR 2005 so as to
prevent BRASRIEEEGHP oF OSNBEE RGREBERTES TNSRLATGHLL 83id casEci men encl osur e
assenbly while permtting inpingenent of electrons into said specinen

pl acenent volunme and reflection of said electrons fromlocations within
sai d spedinmen pl acemasinnivg|eldteron 4dicréscopéndbangblel sebrdimg o camys odpiae
assenbly according tq any of the preceding clains 39 - 42 d wherein said

encl osur Br¥FERS SHIMS 40 ¢ Boansr whgreinsaikkseqvge Eeeraling 289 irpgteadledy Bt o
ensure ak%&%ﬁ%@%%c@%aﬁ@ﬁ?%ﬁﬂw@%ﬁ@s gld cover. 44. A scanning el ectron
e fy°accor

m croscope as ing to any of the preceding clainms 39 - 43 and

wherein said cover generally is gas inperneable up to at |east a pressure

gr adi ent 491 one AUIDSPRE ftion mieitopd sSteniiny ClebkiEl IS ORS BRSEID! Y
preceding claims 39 - 44 and wherein said enclosed specimen placement volume has
dimensions all of which exceed 10 microns and defines an aperture communicating with

said enclosed specimen placement volume.

46. A scanning electron microscope assembly according to any of the
preceding claims 39-45 and wherein said cover generally is permeable to electrons

having energies in the range of 2 - 30 KeV.

47. A scanning electron microscope assembly according to any of the
preceding claims 39-46 and also comprising a pressure relief device communicating

with said enclosed specimen placement volume.

48. A scanning electron microscope assembly according to any of the
preceding claims 39-47 and also comprising a light collector operative to collect light
generated from an interaction between electrons and a specimen at a location within

said enclosed specimen placement volume.

49. A specimen enclosure assembly comprising:
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preceding clainms 39 - 44 and wherein said encl osed speci nen pl acenent

vol une has dinensions all of which exceed 10 m crons and defines an
aperture comunicating with said enclosed speci men placenenty yglppnﬁﬂ 46. A
scanni ng el ectron mcroscope assenbly according to any of the precedi ng
clainms 39-45 and wherein said cover generally is perneable to el ectrons

havi ng energi es in 4 fecinamgeruofur@defindfl Kekhcldséd specinanplacgneart eohumsh

m croscope assenbly according.to any of the precedjng clai 39-46 and

al so conprising a par ege r 80§ eql‘?cérlondé%“&ep‘?%’ﬁﬁ]ﬂﬁa g]é‘fci H%Pe’\ﬁlet “sal " Bfcl osed
speci men RlRGR BN, éeahyg%md4§mﬁe§p§1aaérﬂ&teéo%hé FdpaClamePsutaas eaal v
according to any of the preceding claims 39-4/ and al so conprising a |ight

col | ect orengppsrrgt ik to col | ect |ight generat ed froman interaction between
el ectrons and a spec n gt a location w sal d e ngﬁosed Sp eci.nmen

pl acement vol une. f“’ Qe ARFIARE Bstit C% S SR SF g R AN er?félonz 7 APR

2005 a spRékdEn e&%frb'ﬁ:st 'dfl@ ASbEAIRE &N a®ehQSP dithf Clalte enBlo3&E Bdimea! une;
at | east one el ectron beam perneable, fluid I nperneabl e, vacuumtol erant

| ayer sealldcegesavaumpeci men pl acenent vol ume froma vol ume outside said
encl osure; and a light collector operative to collect |ight generated from
an interaction between electrons and a specinen at a location within said

encl osed sppeci men  PbRERABNNYRL B sermbly RcSiRIEH FRMaifNEY aediWerwS edidl v
accor di n? to claim49 and wherein said layer is formed froma materi al
g

sel ect ed ldyeons tfhrmeg fom eonstesal SﬁQeQﬁd ﬁ;@m ylzarigdeip cqusisying d; polyamide,

pol yam de- ol | PTON,
FORWAR, P dWﬁ%@ﬁﬁ’ﬁ*@ﬁ Eﬁ’éﬁ%ﬁé{ﬁp VB%‘H"@RE%E@S@L ORI de and
car bon. @APT‘@NJOF@RMVARWM@: @@?vt«m/ FOE T, §0ic6h Wiidsilicos
preceding clainms 49 and 50 and al so conprising an apertur ed nechani cal

support foonosidedndtartbemst one | ayer, which defines openings having at
| east one di mension of no | ess than 100 m crons.

51. A specimen enclosure assembly according to either of the preceding
claims 49 and 50 and also comprising an apertured mechanical support for said at least
one layer, which defines openings having at least one dimension of no less than 100

microns.

52. A specimen enclosure assembly according to any of the preceding claims
49 - 51 and wherein said at least one layer generally is gas impermeable up to at least a

pressure gradient of one atmosphere.

53. A specimen enclosure assembly according to any of the preceding claims
49 - 52 and wherein said enclosed specimen placement volume has dimensions all of
which exceed 10 microns and defines an aperture communicating with said enclosed

specimen placement volume.
54. A specimen enclosure assembly according to any of the preceding claims

49 - 53 and wherein said layer generally is permeable to electrons having energies in the

range of 2 - 30 KeV.
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52. A specinmen enclosure assenbly according to any of the preceding clains
49 - 51 and wherein said at | east one |ayer generally is gas inperneable up
to at least a pressure gradient of one atnosphere. 53. A speci 2R APR 2005
encl osure assenbly according to any of the preceding clains 49 - 52 and
wherei n said encl osed speci nen placenent volune has dinensions all of

whi ch excééd 10 mi cAdpsciar edelosure sssmbdp ecdondiog toammpuef tbapreseding claimsai d

encl osed egi,ne | acenent vol une. 54. A specinen encl osure asse

Secord ng g o Skipa aoa s Pinedtpig it iisg e RBE CoBSNafatun ith SRR R e
general | YSzpie‘éinE@f @t VelugleeCct rons having energies in the range of 2 - 30
KeV. 47 12 7 APR 2005 55. A specinen enclosure assenbly according to any of
the preceding clains 49 - 54 and al so conprising a pressure relief device

communi cating W th gai d encl osed .specinen placenent volune. 56. A nmethod
f or perf?rém' ng scan%i %h%ﬁpﬁ%é’?’%ﬂ“?ﬁlgFWW%@%WI&{%&?PY SFRIPg a beam
of electrons to a spEEIdIRNalRANOBf RRcHbA! AR HecRnenP FSSH hrikiginedvat ke vapor
pressure of water; placing a specinmen in a specinmen encl osure having an

aper t ur e rAtpuretkelowiithegvapar pressuse efiwafesci men pl acenent vol une seal ed at said
aperture by an electron beam perneable,.fluid.i rq:ﬁ)éar nmeabl e nar}dol er ant

cover: placing sai @ a8 ARFCEReh J5 dr PeRERIh SRS/ shﬁivﬁlgb%%r%\égﬁ&gl €Ct rons;

and det eRfiniig Dogkiad gpécﬂﬁe@gﬁgéxﬁ&ﬂ&otdméaM% 3&iHiapBriek byadrdelbaaon of
electrons with said specinen. 57. A nethod for perform ng scanning el ectron

m cr oscoppamaepReailngluid pnpsrmeiblg, wchemrielefantte@istr ons to a speci men region
mintained al 3 brEs G Pelot LG VARAL BLEISY €0k tRL PEiccpbackRD 2

specinen in a speciprren ®nc u € Speci men regi on

at a pressure bel 0\etddfiny aRksRit&S8 UslEctinsWabe i@BfhcGOIUfl Sdidgbeadn of
encl osure structure defining an encl osed speci nen placenent vol une and

def i ni ng clestrapevithsedspesimsicat i ng with sai d encl osed speci nen pl acenent
vol urme;

57. A method for performing scanning electron microscopy comprising:
providing a beam of electrons to a specimen fegion maintained at a
pressure below the vapor pressure of water;
placing a specimen' in a specimen enclosure assembly disposed in the
specimen region at a pressure below the vapor pressure of water and comprising:
an enclosure structure defining an enclosed specimen placement
volume and defining an aperture communicating with said enclosed specimen
placement volume;
an electron beam permeable and gas impermeable layer covering said
aperture and sealing said specimen placement volume from a volume outside said
enclosure,
said enclosure structure and said layer being constructed and
configured so as to permit impingement of electron beams into said specimen placement
volume;
placing said specimen enclosure assembly in said beam of electrons; and
analyzing results of interactions of said beam of electrons with said

specimen.
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an el ectron beam perneabl e and gas i nperneabl e | ayer covering said

aperture and sealing said specinen placenent volune froma vol une outside
said enclosure, said enclosure structure and said | ayer bei n@f%ﬂﬁt cted
and configured so as to permt inpingenent of electron beans into d
speci men pl acenent volune; placing said specinen encl osure assenbly in

sai d beanbdf el ect r angieth@ddfor gieafoytringgsdaasinkt dedfon nli@bswpy cavsordingst d beam
of electrons with said specinen. 48 .2 7 APR 2005 58, A net hog L?or

per f or mi n§laEe aRfRAgvhsre eRalsiviof e cepYis REdBieERCHENS ©f saad RFFM 57 clEAtiP%her ein
anal ysi s gf i t jpteractions of said beamof electrons wth
sai d spec?%%ﬁg%gfcg@ghﬁ?@%%ﬁgg}féA nmet hod for perform ng scanning el ectron
m croscopy according to claim57 and wherein analysis of said results of

interactigns of said be mgtj el ectrons wth ?ai d speci nen enEI g S {i ght .
60. A method for petfBFRPHJOE PAHRTRES eICBRIPS FI9HTOR OSLBRIFOBE 5T i3 %
claim 57 ang, W%ﬁ(ﬁ%e?égﬁlaﬂaﬁgﬁs oF saﬁ&'r?suﬁt?%Wiﬁt@ragﬂciodsnéiesrg?d:faéaﬂ?§f Qfect@sd beam
of electrons wth sald spetinen enploys electrons. 4

with said specimen employs light.

60. A method for performing scanning electron microscopy according to

. claim 57 and wherein analysis of said results of interactions of said beam of electrons

with said specimen employs electrons.
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