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OF SAMPLES I N A NON VACUUM ENVI RONVENT USI NG A SCANNI NG ELECTRON M CROSCOPE ~
Fi el d of wiben2l4mmzsntion r S The present invention rel at erCBOBOOEYi Ce and)\
met hod for the exam nation of sanples in a non-vacuum environnent using
scanni ng el eanvmmmmmomRmEMMNTB@NDESAMEWAMNEI y to
the use of such an apparatus and mnet hod for i hspection ects in a
envi ronnent . %Cﬁyé‘ﬂm@w &(,%JI‘EGTBP%MSFV‘Q%Q?% ted

by the wavel ength of light, to resol uti ons in the range of a hundred, and

usual | y hundreds, of nanoneter. Scanni na el ectron mcroscopes (SEMs) do not
have this limtation and are able 11:\4 nsi derabl y hi gher

resol ution, in the mRO9GGH iRvelf¥h RARQANBI LI ice lmd &Y ol B aﬁl ﬁ&%@ges
of SEMs is that sanples have to be maintained in vacuum prec
study of i n-samplss gr @cwnsiacuust ervienEeRiisings a gganning eteciren mlcrmopm@ndrm@e

relectrically t

coating ro RienaHeRhdHordRBR ey kPR ISEHr Gbn o R GuBTheRdr B | o,
(Uni versity affobjeatstin 2 wgegnvit@8@nt.20 di scl osed unsuccessf ul attenpts to
maintain a sanple intended for electron mcroscopy in an atnosphere of

wat er vapor. A nenbrane is used to seal a chanber fromthe vacuum of the

el ect ronlbeam and t he chanber it selBackasund of Hednvéntinm a sour ce of vvater
vapor. Attenpts to us |l ectron M crosc for liwvi eci e ck as
far as 1970. A papebpﬁfﬂﬁgﬂf‘f’f%ﬁmflg?lg‘?%nggﬁ’e VByglenet Dggglﬁ toyr ﬁ%’&t‘ﬁ e924
1970) di scl osage 6ﬂ'£h121‘ardd$ﬁld)ﬁsu§ll}am&ﬁteﬂ§ | (Thafbhétér. Btanhifig eﬁammn{c?&wpeé or
exani nati on @@1\% gm nens gg g}am)spherl C ressure for, exanmple in water. A
cel | having S P Pofy have this Wantgiianpnd 2t 9, a(‘itﬁ’ncaa“r%‘é‘ﬁer\aﬁ’lb’r?fgh%r TgeQlgfiqng
mount a sanpih&he AfgeRIfAGEW ahorRBM. Passes through the aperture to strike the
sanpl e, and el ectrons not stopped by the sanple continue to a scintillator
wher e phbsc ons are plBa ke diggdvantagss oh SEMs isthal samales haver loshsl mainiaied i ound
to 30 be "r a}R@im Nptes | B O r u f [ uUS
Patent 4,071, 766 dgs cnrﬁld]l;lgsﬁlgn% gfrﬁ?-%?g B?g&sﬁeggrt%engﬁdms glggy%alssee
materi al i n Burthemnare elpgficaliyinsuatingsamples compssed of argenicimateriglprequitaepating
living obj ect},s‘wg)iac £\Ehi lﬁﬁ&y”' ng problenf. US Patent No. 4,720, 633
describes a further atte lt'l 0 use electron mcroscopy to see material in a
non-vacuum envi r onnéﬁtearlb'nasbwdﬁ) ofthesirebp Timtrdeyt $Univers¥y @2/ CabitsidRETI960)

LO1/ 011 th a _wet speci nen.
Nei t herolg%‘ t FéCZ(Lesg%H'Sche? %ﬁ?lﬁ%cgﬁﬁh%a%omve?nlpgﬁ%%uc ess?lfﬁqﬁoi) RVIREhV ﬁ& Mhet
obj ects. Theancaimbsphers ocﬁﬁvatwwhpoanmmﬂmddmm&m Sabd ehalnﬁaeeﬁymiﬂﬁu:ﬂfcmﬁafed by
reference. t V\/mc atte t o solve th above probl em
is an 5 Envﬁpg(ﬁlm&}ﬂn e%ggg‘!ri]ﬁ’ie 5 B er%l}?sﬂlgﬁ%?é’ SOC’E:%I‘:;W EOWErcial ly
avail abl e from Phi | mmsmﬁisactusmﬁleemn bHcrofcofy IﬁdﬁM@speﬁﬁ&nN@bﬂb@éﬂ &Nfd6 as Whi ch

i i di al | b S
equi res wor i gt Rephr 5 Samgbe Hifd O phi ELishIRRENR. Sk abfi) Biglosed e =
equi | i brisumusanéf nRAkiERG (‘eﬁﬁﬁbﬂ\gni@fos&dib SEINY) o QxahREfich 4€. sp leélﬁ@@sﬁtat on of

speci nens at 11%ge sures of up to 5 Torr Is said_to be possible. 10 However,
so far there? 6 DTSRG dOF RAMRIR N HAtEForA |50l YN FncRPeEue A38alpd Witheted at
resol utions &iilo&l@ﬂ-@hﬁ&dﬁbﬁh@ﬁéedﬁb‘ﬁﬁdﬁﬁfa'sz[iﬁﬁlé e SlEcHRR Heﬁh%a%@ﬂﬂ&%hﬁﬂéj how
it works can be found in US Patents 250, 808, 5,362,964, and 5, 412, 211,

t he cont ent s*PSFURRHP cHriksy the papplsy aFﬁ‘\@B’FB‘?ﬂsalﬂ(éthWe‘i &y elhe sawmple coptmeoie #ret hod
of achi evi ngschititibkof RR&L Phdtows dr@ﬁﬂ%ﬁ@éeﬂoﬁt i oSPIAR bfesRd Eh@rreshﬁs wete found to
Transm ssion El ectron croscop TEM. TEMTrequires specially prepared
speci men¥) hald ‘migherygisy? ﬂﬂlohgltkwe@m@ af . ltumwasanigeleéf 50nm A very high
voltage is applied t r e ssthrouhthe
,sanple. US Patent 5&'%0%&% 4907??17@(9%& gén és)n of emv% %ngaglgqhoé‘rlg%os 8? at ed
by ref er encemateiidch e sesvacuspeayinament) land referslevthe mspeation sBliving dbjéets 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

L | L

*G0000z*
*159159*



TEM A specinen is sealed between two filns that are able to transmt an

el ectron beam 20 The interior of the device is filled with noisture and
may be plwgegi4swms hi n t he vacuum envi ronment of the TEM APeariyoti#ighs ener gy
beam travel s through the specimen and surrounding fluid | eading to a poor
signal to n foBR@ SHETREE NP6t iaERlEnptd N

i nformati onOtlhnigsigle&g(;\}{a]%fl gfde&g ng%ﬁaﬁg sua 0 unge | abl e E' ot her P

t echni ques (suescedsdwwieyerGh $110¢¢Skfsllyz F3Oing Wp‘eamsctﬁ nﬂ@e&rqnteBISoq’ﬁ)‘ggth Of these
11:4:153-154). Th 0 val ent underutilization of EMis
t he conpl em%ocum S%hfmf)g QQOJaedgk?&gl% ‘% is not only labor intensive and
ti me consum ng, but Mbmalaéqsodxmh&éiqhsatteagmm sgive fthe abaeogiobin usehmvance

.of the resul The I|t carry,.out EM i aqueous enV|r Wou d
Obi are ChosimimpnuRbsrtng, BefR YSPiccpt, (SRR, GRS Wl RHEHY
t her ef or e, dﬂﬁnpst Eleatrb® r(gmfcelotf Fiaditbvert, TEliee Nethetlands) Whnﬁlcmpmtaﬁﬂ“saa xpemmt s

+t he study of ol utign shovm nol.ecul ar. an

nol ecul ar | %8 1§nt %n&sﬁ‘&l ‘Ta[ec a‘&npagbsq{?‘f’?’ef sﬂﬁm Ipqpires é‘foglgn%@”@l Verse
as cell biol @ﬁ’gl@d‘t@ dpigital pBint 6PW&&C@p&5eqﬂﬂibhuﬁ§aﬂd’ldq&§¥e§ c681ing WE kheasmple to
petrol eum food and m croelectronics. In particular_in the field of@fel I

bi ol ogy, sucHowWdd Er o@mﬁﬁféowfmpem@ﬁmt@r%ﬁﬁgp%ﬁ W tx 5 darr|ig said &gy b gossiyie

02/ - 1512f Pcﬁédvedeiblsd A1 183 1eAs @bﬁ%@ttﬁat%etmhe@ lliv‘“ﬁ{g b}gy&é o BE fHRE sand
al so opening a whole new field in pharmaceutical drug i scovery and

di agnostic n@@fﬂm@ﬁ@ﬁﬂommﬂ bslowipdiusthersinformation qy thisqweiuchingl howaik weths$at ai | ed
study and d'ﬁ@ﬁhn@?ﬁ?"ﬂt £ 950 664 87388 964 hhd 264 198A1T &E%ﬁteﬁt@%f'&h‘(dhn&e
cells. 5 Sunma he nyenti’on’ It 1S dn object of the present invention
to provide aharmm@!pormmwwmp use with a scanning eI ectron microscope,
that will enable elegc h a
first aspect of t he%é%@%@?%@%ﬁf&gﬁg%ﬁ\g@% rés%ﬂRrog\j?s é@xoﬁ%‘fﬁ%&@g%ﬁgﬁ 1% abl e
for use Wt hTansciasion E@cednek/hasronopy (:TEM):OEFEM mqunlescstpacrblé}r pepapd s;mcmgenat 10

| east one apgrture re |s aled Wt rrbrane
bei ng adapt e vf%wlf%ﬁﬁ"ﬁs Smt fJaH‘Fe% “B’eﬁh&er?’?‘é%i‘sgg?%e‘?a%‘ei? e ety ?15 and
wher ei n sai dpathikirbeam that pasahaﬁreﬁghfthe)mnqm dUs @ateting ,408,¢87etha kbptents bewhichnber
is adapted to hol d water an ueous, medi um. i ncl udi n but not limted
Lo cerl oul (P SoRBE ORI RS AU b e Seiecol e witl

Pr ef er abl y, ThEe!. a@elﬁdcuﬁ@ is ecaledthetiyeeh o ARADMA s atlafo @RarSnaiBilcRCwym bdaim) t he
range of 1 to 4nm Pre ((frab Y..the nmenhrane has a thlgéness | yi ng

subst ant?-% | Fhsuinigion of fe exiegds GHedwih sepiture andgpay bs ipesapifiyn o ViEWHR t he
range of 500eRfi@nAORGbf the GBI, ”R%er?'h?éheérﬁ@y%e'aﬁt BRI ﬁﬂ%ﬁﬁ AOHeSiner 38d and
1500 ~. 20 The propertjes reclw red of the nenbrane, constitutes a

mai n el enent swroupdiae Priddeading tn ¢ @aery %wal foroisgdlios pewalhpy Gongiderablaidemagednd a
pressure diffgrgpsibal of approxi mately one at nbsphere between the vacuum of
the el ectron mcroscope and the environment contained within the chanmber
seal ed by sai d menbr Bife infognafien imadesaviatigle dolih is asualliieyngailableebe dihesns t o
pass thf@#ghteél‘i}ﬂ%de%%{u@%d W & f&ﬁle(zétﬂﬁfﬁté?zdpi;{)&élﬂ?ﬁ)l%? .4 '115311542911{%' 1adRer -

Any materi al these attributes may be suit Oor use I n accordance
Wi th the prireesqyl fos thefprevadenp pedearilizitionerftEM s thacempéiixity of sample prepetaton,
preferred e i p
consi sting gﬁﬂgfg 'ﬁg?%ﬁ 1a‘b9€mf£‘x‘1 %ﬂﬁnﬂ@{:&@ﬁrﬂi b°ut Egl) ?ﬁ%egl(éoﬁcre Iréeé%gelgg fad
pol ypyrrol e bmtbgwdtjlehvmalof d@rrelsmtts |"Jﬂlg abdltwwmalsry optEMddian taqueomd ¢nydtoment
Kapt on, For nvar Va of or |icon 30 dioxide, silicon

nonoxi de, angoglgr gvm% L%I’S%ng{e&a{w Saglpe peP%lCEd in proximty to the
menbrane30 Al ternati \lAetI present, therefore, despite a long-felt need, there is no microscope that

amog S

permits the study of wet 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



sanple is
advant age

mounted in contact with said nmenbrane and this gives the
that the electron beamhas to traverse a mnimal distance through

matter (agoeppeoed to vacuun) to 3 WO 02/ ~sl 2S PCT/ | LOL/f@ri0B1/0@68ch t he
sanpl e. The nenbrane is preferably supported by a supporting grid placed

petween | he HEEREARR: W InBlelf L cACRSR sisd MBeARR 0 RhokeSnawd iRt | N 2

vacuum whi | st enc

osi ng a sanpl hin a t” substantially

at nospher i ¢ phamwmsentisalodrugotliscovary behgtiagpestic mpasyrement. oforsexamipde, ctvalriger i s

resi st ant
el ectrons
aspect of

.resol utiaqn
beam co%p

t (o] r .en 1S ]

oo YiTHE RISE TR SiE A e Ridniof AMRARRL B g
t hieugsraed Emingicellsent i on there i s provi ded apparatus for high

i nspection of an object i n a chamher using a scanning el ectron
rising a vacuum path for PHEDE ety ERHnd a vacuum resi st ant

10 barrier placed ilnissasbiEcodfthpradehfintdneonty eotide 5étiathbegadapiadriesusst ant
+barrier bein | aced such as to isolate.the i)b' ect fromthe yvacuum., The
ilhospfed o

obj ect may

wher eby a

TR R PO Y IO R AL ¥ EEPR BUIrORFPRE NS SaRlpk er |
beam of ehfgdcofatcedith alfire dbfecEILiht PreabRtifveRti® HeRis pfeddded ker

may be associated with a partjcular nolecule of interest or the |jke and
this met hod hpmbsisuitahle for §in with a sgnping glestrangnicEaserns e s BrbeL SoBwrising at

indivi dugl IeasiBheapbfite, whith DR eIERNitA! £ hREMRInY, %Mﬁénﬂﬁ;&eaﬁbi%ti cal
sensing unit and the chanber nmay be built as part of a |light guide. The
optical sensidpriediite withgiand jaswaceenp ands beigg Srepsnarentilte icjerirens andowhergmesaight i cal

sensi ng uni tcgﬁ?ﬁﬁergéaisélqéﬁtﬁ%ﬁﬁfa?j\%%lﬁﬁ i ndi vi dual photons, and the apparatus

is thereby a

apted to sense ght em ssions resulting fromthe stinulation

of 20 singl e nol ecuPrederabipethp sohambsr is radantedb foaheld rmatsr dmany mweeuspmedivmy ed

enbodi nent, . . Lim . ) ] LM apt on

For nvar and 1@0&1@2%’?&%%%&%%@?1{0??]%@ﬁrrr%xﬁ%é%rﬁ,er’& tgn%fta%ghfy}%%ﬂg%%@oﬂ \%S?%' a

rei nforcliSng grid pl Beéatatipt the @pertad deabaentiyr theemamlotassgihds waliamerr witldn ey have

a thickness IXin Wﬁtgin a range 25 of substantially 200 to 5000A, nore
eﬁgoréﬂg

preferably i
500- 1500 ~.

&%f 500 to 2000A, nost preferably in the range of
Pr ef er abteferatiljiethd afembeane Gas dretidkhadsdying sihstmeallya® this Sherange

2 par b1 cul a9 00t ATttt Ph ¥ skt B0 i QB0 st it 50

The bar ner Wetweflicanze of 5p0 eeIBOIA transparent to energetic el ectrons,

that is
Accord

to say electrons having energies in excess of 2keV or 3keV.
{0 one e BRPIBFS TR (o trapss AR CPHHS(E § Bpiyeleppeng of

nmaterial havhéGprasehi Ghvenf6RNHRMe ShECAUIRY 30 Slifhstahd/ Pd GRéssre! bifiBicHAAl of

fluoride.

25

30

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,
polyamide, 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



4 WD 112/~512s PCT/1LOL/ 01108 In one enbodi ment, radical scavenger

nol ecul es are located in association with said object. In one enbodi nent
t he obj ecwoar/i4sespl e is placed adjacent to or in contact VRATALSEOII08
vacuumresi stant barrier. 5 According to a third aspect of the present

i nvention thers #s smgns.i dpgl ﬁl@ﬁbﬂﬁpeis‘){wreﬁra[ﬁ%”’?ﬁ BRed 8 a 'g&ﬁﬁg RXPEREE area
of mmi s

havi ng a di aneter resistant to d o at nosphe pressure
gradi ent, arhgtwiendhe membmpgandarvagium.o hi gh energy el ectrons, to construct a

chanmber to enable ?QH' Vi afal] cl eam
at a resolution su\é\g §§1 I al Fh;% hg{n %r lstlﬁégg%lﬁg%%ac%?ig@ggrgd}g}\oglngoa ga%}’cl)%rt h
aspect of t heitlpn edbid or atvemstagially henephaicpressumed bathadit hadt it adlbswalliofig wet
.obj ect s nma ter range,resolution comprising the.steps of isolating a
wet obj egst isﬁ{aa?lc Shab et " i?taé‘ﬁg"af‘ aotnlenaém gsé)gg(ec‘ﬁgss ésrgrf“}lg ¢ éa%l%vgctﬂaﬁls Sharber

usi ng a bar rdéletronyiavitigthnrege@n gehecthawaoeb2keVo stri ke said sanple from said

vacuum . chanber through. sajd barri.er n bser vi at .l egst one of
secondary and backséﬁf‘%g’lngdtol% Sgcfoé'gtéfsg?f’z ogntgfd?rﬁfﬁn??'ﬁ'ﬁ?té"é]i e KnBgyided
Preferably, dppirafugrfo€ GighrieS@lttich Mepdetiam ef 18! ¢§éce dn ta0chwinibas using aasdandfgur e
of substantially gne atnosphere and to b§ transparent to el ectrons, having
an energy i relesioR deatgs compsisHig Hrasyum matty {oF Ly glectionbegmiandys wctup gttt es a

phar macen i Cidkridy PIRES it aQBeialéh WHR RS 8djbox, sald1CactiBh RQERR bafrsY: bBRE phRE®r i ses
aliving cell with which the pharnmaceutical conposition is interacting.
Preferably, sughas ©Hat#e thecdigst framdhqvacuumd Tha obiectmney have thergoniarfisiorescen

phar maceut i It | ' ,
CAld 2h QRS TirhBsck it Iﬁﬁﬁé?,?ﬁ?eortlg'hi tﬁ%@?% 71g{uo§§§re%1eat? %&fg@rh?tﬁ

conprising concentration and t%/pe | | ynam ca ng the
obser vat i on.enpgsi@y. i Bfe merker may borssesfated witiba aaxtiogler molecule péingasest or the like
under st andi . L ' ' 1 ﬁﬁﬁ;ﬁ C Ak I | into
effect, ref ga?l gﬁ‘%lg Iﬁgthdrjlg\\‘/{vﬂér}%gdgﬂ l%ﬂfrjg+s§d E@Q%E%r&%}gﬁa&g%anp e,a H@% a@te%%aﬁg
acconpanii ngndecubsngSychi an einbadimer8 (préfegblyecoinpirsesaary epigrabkérzmg uitoayd ahe

show 10 2. Sk R TE5HEE s Bk SRS BB v
| ongi t udi nala pioesmukiptien tabe.of a scanni ng el ectron m croscope incorporating
SGELEAC R R T T T S
a chanber acaidiuegs tikreby adapted to sense light emissions resulting from the stimulation of

20  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

25  of substantially 200 to 5000A, more preferably in the range of 500 to 2000A, 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 1mm.

30 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.



one enbodi nent of the present invention. Figure 4 is a generalized
cross-sectional diagramof a chanber according to another enbodi nent of the
present iwoanisnr, enbedded within a |ight guide. 5 Figuredvilsr/anogl ectron
rni crograph taken usi ng t he enbodi nent of Fig. 3. Figure 6 is a diagram of
an assenbl ed sanpl epf ;Irlt't [ £d A BsREBtion

di agrans of corrponents A—é{m Etcan%&%ﬁé{:w&ugg Eéjﬁ(ﬁ?te |§ a |agram
of the m crowithogpsl aistye adapter for use with the charrber Fl gure 9is a

di agram of an alterpa WS
i mges of fixed wet ﬂ1c(§e %ﬁ‘ @%Oﬂjg&of EEE' qg%f’?gaﬁ%gacﬁ}cgn ure %%Cts‘b{al es of
live non- Iatseﬂde;dcmnthmsrstahtbmhdrs under t he rrenbrane Fi gure 12 i's an i nmage

.of intact unl abel | der. t 13, f
i ve nonSadner ent AP ORaE Bl SHERL rbeienbTaich R R BE AR HOCE Shoe

i mages of fix@embihi ¥ vidtd sn e;a;ﬁsdau gt Ravliy 4 iagfeter rasngﬁmofs negittaﬁtto PderBTB
*cells. Detailed gescri tion g}; the i rtlﬁgntl on The a%&q]t i nveniion provides
a new t echnidjlespasre Rugsshien gradiewe 2pd v lbﬁ%éjréﬁwre? t‘t PRETE SI5EETSt & t he

study of wetcofidfiet £8hambBLtoWRADIE Wl JaRIPIER S bé ﬁe@écptyﬂdéﬁéjsdaﬂmﬁ% 8l8&ton vehiaaber
encl osed by a nenbrane that is thin enough for energetic electrons to pass
t hr ough and 3 Eiodytivasutantialinkettenthpn 00981 ng st udi ed. Ve now di scl ose in
detail beih the techpifdngand, t&teh%sémf% dseritl B0&Hioh ARTBLiE PPovideat 1€

i magi ng of sanples in a scanning electron mcroscope through a 25 nenbrane.
Ve further dhetebebobsheingewpiantiiestd atamdomeien fanke wseluon pemprisingpihe steps ofs
required of &5 &%ﬂ& A i npl e
rreasurerrents(Por t eEc ?“é?’tg?. za orq%gé“ gsgfdr%lg%h%%qlv%ﬁmﬁkw g§to
the choi ce ofsingat dairk, prodidingi atrknlesimn beanf mcrtstmr: sdlcbsztmpie ﬁtohesmapamdm ties
of the technj n var of d rent .sa val uate the
accessi bl e co%rtﬂsegst oggﬁ 1%%?%1§B|aa 5*8%*?“%8{ ]te?ls Onfnpif%ecg}’) Aaé‘éé‘édd 8B aﬁin

t hem V‘eISShmchbMemdrgmgﬁpmsmdh:lhanber observe gol d part| cles in vvater with a
resol ution of the %3 ci e|OV\§I‘ contr n’&g als %{' ive
significantly | ower TFEERY Zrt‘?aB?Ff&ﬂmPH%eS&r‘B@P 80 S5 A% & P Pg

may be adaptsaBstirtiallyl 6k SiDsphefel dnd a6 bORsnshaterstity elesteors lh@hdg a$ eiffpyoin eR@dker i al s
research and cell Bfé%ogy 6 WO 02/ -4A25 PCT/1 LO1 /01108 The present

i nvention i <fgHuad ‘the isolation of the fluid sanple fromthe vacuum by

the introduction of paféasTy tReWMEtobief donipriaéh a pRAARRLudaV@PREELE.S | N pol yner
t echnol o enabl e the praoduction of thin nmenbranes that are practically

transpar®ht to ener GEfsably) thet Vesnabies) dirthar ccompnises @ iy celb Wikht which fhe

at nospheric ﬂgmgﬁtﬁ,m%ﬁgggoﬁs%eécﬁ%d hi gh vacuum on the ot her side. The
i maged volune is W thi | ose, proximty of the nenbrane, typically a few gm

into the fluid. Thi Erqf%fablﬂ’eaﬁaldf ghamper joqBNpEBes| gn fHHid ob]@ctaé twaﬁfemr dhait or

adj acent to JE&H%E: Sind | @01 C

t echni ques c}}hlaﬂt ose g?@@ﬁléﬁg?sm%ye egm I gégg‘%fgn% %ée) 0?oéla %)u;gf(élbs HSJ
Scanni ng El emmemtramrmﬂdmﬁ@@ugleﬁhamlﬂrdgnmazslh'r@neglﬂ'@ obseryatiom t enper at ure
and at agmspheric pressure. 10 A THE EXPERI MENTAL SETUP W have
successfully applied the devices and nethods of the present invention to

Brief Description of the Drawings
For a better understanding of the invention and to show how the same may be

"H

—

carried into effect, reference is now made, purely by way of example, to the accompanying
drawings, in which:
30 Figure 1 is a generalized diagram showing a longitudinal cross-section of the
sample 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.



work with both a JEOL 6400 SEM and a Philips ESEM in hi gh vacuum node, but
the devices we present can be used with any SEM Certain currently

pref err edwerhasizeents of 15 the present invention will be masnoi/bads bel ow
in full detail in relation to the acconpanying draw ngs and figures. The
sanple is held insi I.S..desi gne t

st andard SEM sanpl eqﬁn%ﬁ %%hlgg%gm ?Jaﬁ%d drﬁ%ﬁ?@%h@%ﬁqé&{&g &gmégl{1€c%°ﬂfnig Sa
agai nst the eudmhwimmeﬁ&apmsmmmce and thi s is done with a series of
o-rings. Cosing th prese (

consi der abl e def or t@&%av\&?l %Fnﬁrgp%eéﬁ%sa SF‘?‘OB% %?15 ?3 @Eg’gg acfcgrgr%rtgss
the fluid i nsmdl&:rbimbodahﬁﬂﬂlﬁltheqsesm inventien, embediadplithinyi light fkide. menbr ane in
.place. To_avoid thi rel ease channel is, k n thr the stem
of the indert, equi I ‘%‘Fﬁgﬁ WP S9FLOR PesTR t@@tﬁ@g%@:ﬁgﬂ@ﬁ troéég(:gase of
fluid. The opening tRgirbibss é:diiagrﬂnﬁbfhﬁaﬁubﬁaﬂwﬂfpﬂd maﬁlaa;he@tt&fﬂudmbhmanot her
*o-ring that is screwed in Iace 25 T menbr ane_nust have s ver

i nportant properti esFlg‘FFFSAtEaFet 1‘?%@8%°ﬁ°8“’8%“‘”’&§4ﬁ&9§§1}%ﬁhé‘?‘i?°rt° Fig. ctrons as
possible. This inpliGaies ida didWa\oe HRISCREDRL StagtHRREY fob W wilh B8 ShabeR W
density. Polyner filns are therefore the nost adequate choice. Very good
mechani cal properti é’s}ngPQ ing diagrpmpfipp alipresic emkodirpenh foi AENINGYEEICE. keepi ng

t hi cknesgpas smal | JalMS T trons

bef ore tzey reach the 38ﬁ§one g%&leﬂ}t)er es?ﬁtﬁlg%ﬁr% agftlr?&?fenﬁ)léfﬁst a

di fference of pr essd?igurgﬂlmeaofmm&ﬂ@ekdﬁd@seﬂtaﬂrllgelnéersluﬁrmem@aw ea as nay
be required for obs i i able a
consi der abl e anount qf)%’lﬁh 121 aana ?tgétzlgla ?gﬁﬁ—;@?ﬁg@%ﬁpﬁ%}&%@%ﬂg our
carbon filns since tfhgyeaﬁ enmgyobhvemdnea.dhélfhacpldmmb'r the membtirdre. mat eri al s

conprising the 7 02/ PCT/1 LO1 [01 | der and i nside
th(rarpsarrpl e nust be re%lbr(e:éé as drsrﬂlé?'}n%fgenﬁgggz}gﬁ?%Pﬁ%dz\ﬁ:ggt&%@bper seal i ng of
t he chanbgr. | deal | \Higirhés5 ¢d sdinagecatlinta@™NIHOT3 wéllsy of the menbrane shoul d be
hi gh enough to prevent the |ocal charging of the external surface of the
menbrane, which may perturb the 5 incident el ectron beam and blur the
image. In practice we evaporate a thin carbon filmon the outside of the
menbrane, thus elimnating chargi_ng effects Fl nal ly, the affinity of the
mermbrane for the object observed Deigileddeseription of ghadnventionsr  Typically in

el ectron micr OSCO’PI%SpreﬁéﬁﬁnﬁrEﬁﬁﬁxrﬁﬂﬁdé}Ch ﬁé@f&hﬂ@&&pﬁamﬁ.?el%ohqnfc%c@t tom
so t hat the objects we woul d |i ke to observe are | ocat bel ow t he

menmbr ane20 | nthahis adartad th g sty af gysé samplese The siet prsdiopmentip proyiflediinadmatlen

the objects ghfnyep eﬁél@&@ B %éﬂlﬁrxnet ena{ fenite eudh Sor @x@gé?ﬁstfle%ﬁ@ td Bey are
attached to it. Different ‘'materi al have been tésted to build the nbr ane,
all based on t}g;g;gb@ﬁd 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

25 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

30 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 significantly 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.
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t he secand includes the signal: 1. Wien the beam hits the nenbrane,
backscattered el g&hﬁaﬁ%@pggﬁﬂgdary el ectrons (SE) are produced by
the nenbrane its ed in the first few nanoneters (the

mean free path ofyskseBaRessally appRdll M6 dacesiah® Meiidds Bpfﬂarﬁ&ent[l%dsﬁw n et
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bot h BSE an T Is-contribution is honbgeneous since both the
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events 23 the zomge GhenibMiR MG, hawls%rdlaﬂﬁbrtii@tpﬁ)ﬂeﬂ%s SEiraNd Bk BebeLad or s.

In the following, the subscript ~s' (for sanple) wll refer to this
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interest. |tngaidv 8shsith PoRbner BiRE AL aletedble OB SRLKIMIL ndite first is related
to the nenbrane only (m. "A contrast
Very good mechanical properties are also required of the membrane. While keeping

thickness as small as possible to minimize scattering of the electrons before they reach the
30 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
to enable a considerable amount of handling in preparation of the sample, ruling our

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



bet ween two nei ghboring points will be observable if the difference in the
sanpl e signal between themis higher than the fluctuations in the nenbrane
signal. Quooabsizfty to forman inage is thus determ ned byamieopages bility
to obtain a large signal to noise ratio. This in turn is determ ned by the
di fference is&nblambmahﬁdemﬁia@thzSampleﬁﬁuismeaem&e@as hbi¢h 3qosdiblaksersme prepar

I nside the sa lal contrast"), and depends on the nenbrane as
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with a shal IUEawicressopy &rf 7Py b??%meé Pelyimide have heawy testsd REthaser Ié?té‘%ﬁlﬁ W§tP‘éle t he
menbrane. Fap d¥ebnly AR 18 8l ARSIORPGhAEAI ] tsé'h‘ﬁng ?ﬁiﬁﬂ%@ﬂt? SALJE@Mﬁlg to one

experienced a backscattering event 1nside the sahnple. For this ason, ~m
can cont ai n Qurehidyvprafersed ambedipentdwncese Mnlmlﬂ mgmbranesh of nigder | athicknasat ed

bel ow t he rTPs[J‘E]B g r h

different, an gé&e? er en{& ce}rllsglﬁlﬂﬁ(gé 0 @tlg %‘85%&6’3?33@8?%?‘?@‘ tc‘g%ﬁb
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literature | er are d f'or a sem - gl
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E:; ,? i CLIh:r Coa%ﬁfshﬁs'eﬁﬁ‘én? ridl‘(ao rup %e the suthae Was %gﬂaﬁy re%ﬂcgdobr e use of [}%NYVNI hits

grid that was attached to the external side of the membrane (125 to 330pum mesh were
used). For electrical conductivity, a carbon deposition of 50 " on the external surface was
25 found to be sufficient. Affinity properties, if required, are achieved by internal surface

treatments.

B. MECHANISM OF CONTRAST FORMATION
There are two different contributions to the formation of a signal on the detector.
30  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
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BSE and Qe ETHERELVE : WELJP 4, B8 AP St TP (9506 681, b CanERe |
current t hatbetvi®@n $kd/nbighbdre@Sponits WIIEbS abRlvable 3N he ldN@Se R 38 WeSsalpR #fdapct oOf
t he menbrane on t%p rrent. Finally, we nmeasure the current going through
the menbr ands¥ey L 1ghgt (ben the fluptyations inthe wembrage sigilvat er. 30 For this
purpose we used bty foS6RNEn HA4ER!iEfuR Bélerdfined Ty ARPbOssibIRY tPHLANA 14rBe
different sanples to be inserted sinultanegusly inside the m croscope (of
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the expejy Mebifitehtd o7\ m@RRAIE Sochlel FbiddNHe éﬂﬂ@ '(@xﬂéteﬁﬁrlghtrrdsP'g%d dERnds

different energies, the beam was positioned WO 02/ -1512
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.

30 The total signal collected S is composed of both secondary electrons and
backscattered electrons:

S~ €pshy + £sg0 (1)
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by their i ntsampletof palyinida rrtarﬁeahén tbmsane vy, ithe @mﬁcceﬁﬁcmnmleequ theesignehe

el ectrons of, ta d be
Cero. AL verk e Rom e Gl WAL WAEHR FReRIy BF UINER, Sne SPULC
backscat t er iabjgctivasfif ithsi foHowing fwill bhe tavmtater %abmnersalhuhe mau:mimoﬂfﬁaé:nbfedbwes
practical l'y { [ in urves.
The decreasi trlffggg%ﬁg& 8?651 al %Qfﬁle %rc h%gc(r%%gn%mﬁw {/\nrgtep?\ ‘%%“ﬁg& et e Otl%%ﬁ vi or of
t he back¥catteri hgt umemsucmr dwo adfasent@bmtsl thategivé sigmikibag end 8BdT}{mmhkmal S
derivation [Pht¥ast ?Watu 4 dA 56, K45, 1979; 20 see also Coldstein op
cit, p.95]. Hhe ﬁ’Bl BBed 5% the gold curve also follows directly

t he cal cul at ed bmeqamsm/syg epefficient evolution with energy (as derived
fromthe sane express)o normal i zi ng these curves by the
.backscattering cOo&FHTEE B the respective materials (with their

appropri ate energy dependence), we get curves where only a |low 25 materi al
dependence remains. The results for water indicate a backscattering
coefficient that is |ower by about 25%than the theoretical curve predicted
by Hunger and Kuchler. W are not sure what the origin of this difference
is, but because our sanple is conpletely enclosed with mninmal chance of
contam nation, we believe that our experinentally determ ned value is the
30 cleanest result available at this tinme for this quantity. Though we have
not neasured this directly, the properties of the nmaterial bel ow the
nmenbrane clearly affects also the energy spectra of BSE that are emtted.
The energies . _range fromO to Eo V\/nere Eo |s the ~ener gy of the |nC| dent

e

E




WD 02/ 5125 PCT/1LO 1101108 symetric [Bi shop in Proceedings of the 4 h
Intl. Conf. X-ray Optics and Mcroanal ysis, edited by Hermann (Paris, 1966)
see al spoGpldssein op cit., p.100]. A heavy material (ePgI/Igolid)oshas an
energy distribution of BSE that is strongly asymetric, with a peak cl oser

to Eo. This diffeheRee inddisesaydR Bédi8ehssighl 550ne e nfufiiPit 8f 2 BiEtnhat

are able to cross back ' S through the menbrane to the total BSE produced
i s hi gher f dpmplifisatiomalls othards toisgd a povitive o megasive sonstante thesignahne | s
actual ly actigag:ta. fu i

it clarty R’ B b levgt}. gRopHERELEe Tilmbrait B0 SRR Kot samy

di fference ienerywbengy lis ghickness ehd BSEommositibs ard netyuwelt alefingsl. S thed seithen Om
.since |ow e . i .pr il t iFway
ut 10" For SRt pdig e BodnbnP LSRR oblaf th i BRBERE £ anF RS

gol d, the cchemspbrade.ng curve will lie between the two extrenmes shown. W

-summari ze our congclusions framthe results to now as follows: .a) For
ener gi es bel ow 4%11%%8 Sl 1o gkfué ﬁgp@tﬁﬁlﬁ ﬁ@ulgea%oge%a%@apa%n‘é\%tcgal?ce ?ﬁi S

t hreshol d cahe blackldewek a¢ael thyughs thagnbibé b ale oXBboAPR Svhete © idjheThenber of

i ntermedi ate_regi on of ergies is interesting for several reasons: first,
t he nmenbr an&l"-fcffg?sesr"?‘i‘r’ge‘ﬁg‘?‘@ e RepiEzte, gy P‘BW‘%%&F‘S {hepersEmEnt ﬁﬁ Wi T st

bet ween jgeaviy forikk inogidht, FlkrRink b St beRAE ONER HiEhdids BRI Rtk b&kwebm pdifis A
regime is inpartant, and it is possible to inmage easily with the SE

detect or. Tr&dBdgeregty sipwlifjied:d curve reaches a val ue higher than 1,
denonstrating a IH,gh &8l s&.9ms0f (3$E. 20 c¢) For very high energies, the
charges emtted a%ro@g}‘[sﬁqgﬁl‘t e%?eti cally predicted BSE coefficients. The
reason is that atlhhi gleriale|cewttasiors apletedi ey (oo theh differasice cinr dhes numberhef beam
and the bac et ; ababiokiit b TR
menbr ane ishﬁ?g £er, ﬁg‘g“?ﬁ%&’g‘?@%‘%pﬁ‘% to §LEAt%&/n {lﬂgiﬂﬁfg@&gﬁ%&?émflo%}er.
The secdiddarapddyi ssion rel ated to Dm decreases and therefore, as observed
experinental ly, i easi . e .1.h . The
menbrane filteri r%ongﬁg g)g‘?(s 6%@8%3‘"&@8%@8’ lﬁég?%rgﬁre%flg’%é%e %ﬁgﬁ%@%@%@ In

t he expr essidestrayf the hmagroifitir @ if tiecopdat afahe Bplithée obthe lsippalt geperated by events

coefficients_can_.be repl ace t he backscatteri coefficients.qgf th

acer | al o cMORU P CH Bl F2F theb ebd o2 SR B by B i Erite S Brten kR e
plateau is r@aﬁlfl?b dha Ipemi‘bnbgmeMgﬂhlrtﬂdﬂiﬁﬁﬁlt@Mo ﬂ’imnﬁnwlahfdmljé bﬁ(Bwﬁ’d)suppres:ed
approxi ngtian becones valjd. For the, nenbrane exe ifie erei this

TP et Ty Rt KPERRNR e fomer AT R RERPEPEHES CORENPe LA SYRRVATI O
OF A G VEN NMATERI AL CONTRAST 14 WO U2/.1s12S PCT/1 LO1 /01108 As soon as
a small difference_of, co sition (difference in_the nmean_atom c nunbers)
exi st between tm&-ﬁ’&ﬁf‘éﬁ)&fE?WB@N%W%@PQ@B%@M%M@WF@SHve it. The

question is how ngeyBrReQRCAIW RS qQRRBRE dxPerfitiBitAlBEMhe RohtiO§Eon st it TchdraxBks t hat
observation._ Such an estinate is useful for several reasons. First, the

current chodBhsigpal Wededas i tergs of s and;SErpemitfedifram itsguriacsas a dypclen efile heam

to be. | esss fe%f@.s fHe mbfticd Ws elBloy 9o %e%ﬁ‘? |t1?emom9cﬁrrérﬂecr8§sﬁ1§tthé’ Qanpfie! ik © of
the m croscope Ts a tungsten filament and I1s a |l ess sensitive Issue for a

field en ssidfemnisitaicopdhensubmting thabtain distlesses i BearbIE.ole peprusdbiee a
|im ted nuMgirefiwitl A SifuctBi b Edfifatl thdhAbubB 1Rk LRSHRRY 4R Hamage the

speci nen.

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 and water.

30 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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10 W are interested, in general, in sanples containing |liquids such as
enmul si ons, bi ol ogi cal specinens, polyner solutions, etc., which in nost
cases prowe masize | ow contrast sanples. A sonmewhat arbitragr/at/ousef ul
criterion for sufficient visibility is the "Rose Criterion” [CGoldstein op
cit., pp. Zlfﬁwcek&ve% %heéncﬁ@ ?le'a%deug%ﬁnén@ vRRRER \fﬁe grotthd hRE ARCEmpRe AL een
two points A and the dif ence of signal anplitude between those points
nmust be hi gHEfPaSlﬂﬁén 5 tinmes the | evel of noise: (SA - SB) > SN. Measuring

t he nunber of el |nt A
at different sca;sg‘h{ né{é?%ﬁ?é%?#% @%ﬁ%@éa\é\?gng}l EE&@%%\@%I‘%EI gl ven
by 20 ~ r| -aug Xrrely dﬂmcandusmnma@relamunalpms ~Naw Yhik, i»ogdrai 1992}, nged to
proporti qnal t 0k~ : I is
SN2 ) S ing Yl lehor o olizeig i, R Rel 2 g et S Ryt
observed i s duantity of Bilargd can-eRcapd backwhidg Inis@onstuucibé of Dbullkebfedbontonhdead torust

*be collected in ord r to.observe a spec terial contra

in a gener alSRA% Vi & cayity E%S“é}“ d;’metefhgm 4#@2%6%&?9@@%?S‘E}Rgte(‘g’ttgtaﬁe

det ect (k)\r) bi Sapbﬁuré df a4t h(ddrhgterZin, thavreddte. lq'hb Sbgilﬂ%m%fseﬁhfdugﬂ thbl”@éﬂﬂ_?_ ;’ﬂilg; 111,1\231 t he T
time the be on. eac oint. t can al so be express as t = n ere
is the scana‘f %inﬁbe fs! OI? FrYItt fouiBRt the TRIRPR 3¢ rpraqhaﬂg aliggpttered, plggitomtial i ty
i mge, tiloer exr@édllebieni cally np = 10 6 pixels. Measuring IS in pico-Anperes
and T in seconds, we find that the current required at the detector to
obtain a given neRBIPe IOk epticalGn designoexcept-thay the capertyrg)is mopesed yith pe

si gnal currelﬁ@mlgén@we@ﬂthlgmlﬁé{ﬁgn@pt J.B are related through Is =rl s
(Egg +BSSOM Is ~ SE detector |ike an "EV&rhar t - Thon ey detector is very
efficient 15  WSapmple Hinescangiyts of @ pure @oliGempletchnnpstsd to glowad andreovdredinFa

[Col dstein C}Herﬁbéﬁ Th'er S1a5rls G LRAEP Lo SR dsﬂﬁlace%{s s&%Bth%ﬁo@% oﬁ’cﬁﬁﬁh&g |t
has usually a sna nature, has only nmediumcollection fTclrency

f ound exiper |a1mstvehetha 'tlhfait' canta@mﬁghemembmum!'ad z@hm\/q,ed lFamﬂy,l Smenplesk dun 1sBﬁiE and

SE node appe contrast ene node
s better iarrinblelAnba Bafihg Siler iy oGl b Hiiedl SnHs ThReARy o
25% we get Hduaﬂeﬁrfw&wbera]ms:forrn@mﬁrme.gmered to obt al n a contrast Cis [19]

(al so in [ CGol dst > 16/ 5) At  hi S,
the contrast C |§h§|££?remfk’%§‘%e&twe ‘dfjﬁgf)flgﬁm%lg?@%?% 316 8&%"6@%{2&3%?%3‘“‘?
coef fi ci ent sofoBartfle Ond)egived shebpb:ematglaeommbﬂmﬂeamttmmye idteradtionsSwitBse t s of
10 the cgl cul at the mnimal current required f n observ i.on of
bi ol ogi 83% ﬁ’fﬁ'é% 15 Rfsues the gentpibution Obihe prispiary and pecfsateana o fores
particle in mﬁsamemﬂ'ﬁaﬁefour elenments C, H N and O make up nearly 99% of the
wei ght of a biol ogi cal_ specinen I|ke a cell. The cell is conposed of 70%
wat er and 29% ord prpne” nlien] 2WotiPm50% of the atons in these conpounds
are H atonms, 24% are C, 24%are O and 1% 15 are N atons [20]. G ven these
val ues, the nmean atom c nunber of a typical 8ani c nolecule is 6.72. That
of water is 7.22 Thgrhffergncepf|the, beggn ewarent (SampiesOne)(from the qugients insaswed phe
cor r espopdi r&rﬂmkm@é be 'Fbﬁlg%ﬁ&eme'p%fc%ﬂ’é g2bt ABKRMs %\{@edofr&ﬁﬁhé mpe ek -

0.073 for a ce a ce surrounded by an aqueous nedi um presents a
| ow contr astre@h:thg ogusq-,de arhgse include electrons that interacted with both the membrane and the

material (either gold or water respectively):
[(Toeam = I membrane+materiaty Ibeam] = (m + Om) + Ns(1 + Ap):
The subscript s refers to the material, here gold or water.
30
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.
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furthernore the backscattering coefficients are low This cal culation shows
that a mninmal 20 current in the range of nano-Anperes is required for a
typi cal swen2af12800s. material Zrl contrast to waterl PCT/IL01/01108
(pA)wat er7.220.075-Cel I s7.070. 0730. 02729000 | 5. 80. 0550. 26730Col d790. 780. 900
25 TABLE | EValiibhdiieDlnob Skey hdMReRes e <lopt. 2 tb ON
25 di fferent sanples c%ﬁt z;lokl@?] © ste ?gf at eéogrom@ré)qua%e‘son% The
val ues for rdf th‘r eigoall detdctet asl dtw mmfhectlenp’v@sﬂﬁomt@ial Hmsg@redam theiemdrgy  at
an energy E V, u Z 4 n The
scanning ti rrlgc%gsgg’lf%s ldﬁ‘er §é|1§(§?a%g¥ a3 ”%tf%%%}l g&jﬁ op ow s ag ﬁe%to%gs
n2nsl 2s PCT/dbnhﬁ)eiht/OllOS An oil/water enul sion may be nore eaS| Iy

m ni nmal

.Observabl g and pr. ts cont.ras 6, 7% [
current ral s i nERaR Fale SR P ipdbal SF e otk g rm e
particle i nmiategetionscongibete, 500 tE@ﬂiafg@Seimssﬁ)nVTlie}it dongibulién decBiases to BsrA@t Ng i t
“requires onlﬁy a raction of a pico-Anpere (table I). 5 A biological sanple
such as a cel1*Needs a hi gh current to be inmaged in a reasonable

integration tine.mmQne &sd ofdatdd)t BERARY Sy ity Stgh ARRAit NGmMef, Nihb EYYorier ker S
such as colloidal gold particles to decorate the cell. Enul si ons of

oi | /wat er caifamaicaly emgliss. 4t 1&eV) gnly 4% phigsbarzenemited arescharctetisticetftthaind

i nt egratjgn ﬁléxﬁﬁ‘raneq%t|19!¥¥\ﬁﬂf*cﬁﬂénﬁ§ar(e'c%@1¥u@&ﬂfal¥ﬂ@9% the influence of the
menbr ane becones 10 |rrportant a consequence, |ow contrast sanples need

nmore and nore curitelfiis stagepue |Cﬁhgélﬂfactl':the ENeshuATE| COxhpORent HpnRM8OotT leleRir@F  THE
TECHNI QUE As n'uE'suﬂp ¥1f1§ IoEﬁfrﬁ tHE nikteria pé&@lﬁfuﬁﬂﬁ' o eresg%gg ’Th;sqﬁ 1?&% %tnl a%c%fons

resolutlonutlnate own to the existen f sca erin ons that
have a high tbat@cetsceﬁer@;bbufbm int¢ractioh avithFheasteridd of dfterest.r ongl y scattering

atons the beam wj lo&/%ﬁgrgle%a{e e'ler&{rgl%st laesﬁerm &o not! rga%ﬁ t%%ng?élflgé {hg%{na/e%e

resolution as it efgoes enoug I oNs
returnedl5 | nshauldabeezcral Aniviety hl@henetgcttha)nurdmshmud follosy kieabelaviey @f shonly a

short dista ore bej etur,ned or. absorb so,the _scatteri ol une
is small (I;baf"]ﬁ éé@gl @F ﬁ??%niﬁ &};theTE‘atfgﬁls’t piRC% ﬁ\ﬁe{’: mptang (hEComasp ‘E}g %ﬁ t he
r ﬁs ol uti o_n Vﬂnﬁ;&ﬂdﬂ.’éﬂuﬁd aldeed ﬁhdth@ oBQ::r@ef $rethb tWEcuE @ TRle dél“i%gh]ﬂfg digpe\dl ume,
characteriz a dia n, op t., .pp. : .

deee= (d2s+dztﬁﬁ ESUW9"§?1§W mﬁ% Cgleéé'ég’é‘ﬁt@ t{‘%@aﬂ‘ﬁg’ﬁéﬁﬂé& coptfigient, Bbam

entering thecaldankdamén }ﬁ%gér%dlm@me% a&hRtoh My ESIRuA RIS AN, k48! {eni ng
occurs, which is E?agﬁl cularly inportant at |ow 25 energy and fends to be

negli gi % & Ay HoksEIngp citgidrke bhewetsasing epe gl dhergoktruste alsodobessdirgstly

the calculated backscattering coefficient evolution with energy (as derived from the same

‘U(D

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
25  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
30  cleanest result available at 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 specira of BSE that are emitted. The energies
range from 0 to Eg, where E, is the energy of the incident electrons. A light material (e.g.

carbon) has a distribution that is approximately centered on the value E¢/2 and is
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aresult of its interaction with the nenbrane - a beamwith zero initial

wdth dH = 0 will energe fromthe nenbrane with dianeter d",. The di stance
dBSE i s tWe opi@ns di aneter of the volunme covered by el ectr eag/iLon/dthes sanpl e
before returning as BSE. daskE can be found in the literature [Col dstein op

cit, 30 pp.% %lnetrﬁr[?léhﬁ Pg&%g‘i]héﬁé; fie FRRRY Tofd LAY g&?;(tfép)amf ﬁﬂ&@ana@@ﬁeal ing

all characteristic 1engt range renobves arge part of
mat er i al depéﬂdbb}déﬁnﬂm(ﬁang 1(966)/ sae slmeldatmmp@ltnt@} Azhetaesp@n@@ﬂdeg I n

aBSE = 0. arltle Bt ort R o Mg e o, N R g W

1121~512~ P(E'Bl Ihlkﬁﬂff&f@ﬁ:&ﬁﬁhd’d%&WK@ffeamghrsg |thee|$t1¢ hEBSE pﬂnat ate ahlezte cwdss ek

.vol une of cLion t he side th t

equi val ent t%’ ﬂ’eh’?a{ﬂ? a‘bef to t%‘é%i ]g&is‘,«?ﬁ’t B S E‘Hﬁ% T ?Vyalgﬁte%?ls t%tﬁ’@ fBbam

i npact poi nthghhaﬁ@. aihec;uéﬁlmw@eaamgnm as filke dut Mhd iidvg caegg| BRI this t he
-interaction me: 5 —00276 E 6~ / (7 Oi.s
expressed i ﬁﬂﬁ?ﬁcms F"g‘ﬁ?Kgyl thei ‘H’EH?S él}t},}y a’?dn heaxy eﬁ;ﬁ‘ef‘é EK gondy 4hg ¢

wei ght in o/diéBnce Anicherlel Spsl@ASIIBSE eargélﬁm:;ﬁ@m the ISE &hiBsion A GineImRer . |t
is non-trivial to calculate the theoretical resolution in the general case

of three di FREEEROE ayes bigherarebshilingipigeasiae TR Y2y Mdbwever, in the two

limtinggcases Ofpod QuiERlRktbAIS oM dibmitChinbe Vbehee Skt Ik Ghatat Qi %oraumer S
such an estimate is possible. A Resolution of |ow contrast sanpleS at |ow
energy. Li gwpffﬁ@%‘iln&l%‘f@uwﬂl die baawean thsi twopexirgmes nghowni Ve SBRPEEZNGU he
menbr ane, ar ﬂmﬁ so that a sinple estimtion
woul d be tocgoﬁ{sl?ﬂgr glrg}]li]easgﬂst tgrsﬂggn’éig WS an estimate of the resolution
is sinply 15 dewa) For ¢heipies klow BsESk)eVBmz sxg@ figrethe saiBSIE das beadkteckdtBds i n a
mean | i ght [ i Of e as long as dBSE is | arger
than the ne reghr?ila&lf ckn%easg‘ﬂf’ﬁgl% rr? rﬁem i e%e beam dB depends on the

el ect ronlssour ce ﬂn$§ﬂe intertriediate regios ©f prergids El miedastlﬁtg' R)s'smrai@ensm firsgdhees a

beam of 1 nm si,ze i ns 20 urren ner

oReTe ] o hah Gt g ofiEctiop TR Gre Ml eltigebs FAF dorfts htnih ey i,
tungsten fi lliphembterials. rmampme einiiofli o SELiR thidfeginteeis bﬁ;&maﬁﬁynd/ﬁ[sypoﬁsﬁlﬁlmtd.o to
100nm Thus,. the r soI e&}g obt ai ed %g ”fﬁc"i‘ie of ht S nggg @re on
t he order of‘mfé‘b?f‘ﬁ\yﬂt‘ detectar. ‘?/\P PR & H‘r&ef@f‘ EIaIJ:v & S18GFF Cdur ce,
the esti rratugae,gbnsasu@emﬁgha;z{mmwgﬁe at 20keV , it goes up to deff=
SOOnm 25 Experinentally,, we found that it is hard to obtain a resglution

botter an the GbheveshigheaaEs<he dRess epxitedianpropdhethe fhepsjicallypsedicted

resol ution iggH SyPRciRE Aths ?ea‘s&?lsvtﬁiﬂh'?ﬁlg'ﬁ@xrméc%@n REdRIs kﬁ?bé@m&ﬁ‘&% of the
di mi ni shes. But i nd&)actl ce, he enetgy is decréased, the contrast

decr eases i rPeamtang P#cksqéggrgd é]eéiéftllﬁbﬁ@ napbebilisy: fos B tor ewasst tho mepaheang dnp| e,
and the ratigeRf hithesRIRbAILS LI ﬁ,agmgtaﬁmﬁm%k %@'sec%n&{&@ﬁg onidiitsd the

real 30 I|mt of resolution s gi ven he m ni num contrast that can be
det ect ed. | ftoghe degraaseednd életdﬁ@e,t i @16%9(’5 exyferimigntaliy rib benomes [gasiert thdmagsi num

energy tf4 i RQGgH e BRI RIS | |
The membrane filtering effect on BSEs becomes negligible at high energies. In the

expression of the contrast (equation 3), the backscattering coefficients can be replaced by
the backscattering coefficients of the materials considered (water, gold, carbon etc.). The
energy at which the plateau is reached shows the minimum energy above which this
30 approximation becomes valid. For the membrane exemplified herein, this value is around

15keV.

D. DEDUCING A MINIMUM PROBE CURRENT FOR OBSERVATION OF A
GIVEN MATERIAL CONTRAST
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decrease and the resolution will inprove significantly. This estimte of
the resolution indicates why at this stage, for |low contrast sanples |ike
an oi |l i waatmesizemul sion, our techni que does not inprove PadVILoMo10¢R i cal

m croscopy. 18 WO 02/-4512 PCT/1LOL /011U8 It can be inproved by

techni cal advancag S%Hﬁrhs% sfhafl %ﬂ’&@ﬂceﬁ%ﬁ@@ mmﬁﬁce irhﬁlesht‘:é{ffj‘ﬁt'oﬂf‘c

conpl etely changes when | ooking at gol es I'n water, nor e

general | y atusyers)] exidhpetotesn trepoing, lheﬁmyremllempﬁlblamhsmﬂsﬂw duastignlis ght
e Al o boBRA U BhaRleel L AL BRhe SAMR SR db A BREROY. © The case
of gold particles-inside eres he reso ution obtained
experinmental | y aSudli ghestinetegig useful for tdverat eaagms dhrsi: ghe Ceremt cioseraimdnerces s.

The hi gher t e, better is t es ti,on btal
act ual Sarré{IeFes%ﬁ%?/aﬁoE@grcufr(?mb%auﬁeiso ﬁ&e%(i?n% i 5i5e 8‘%55 ‘{]e@’(‘fklé\fmreover an
order of magnétleneviemahd electidnasuich@f W@l nitksodpeiis b atnfpsten dilarnént Bk i glegen by

- dBSE Thi s denonstrat the.resolution_js no ted to 10 th ran e
of i %t er act iSEHIIVELISTUR r(f‘agga I TR PRS SF%(’“tr‘li &h?ege %6?“’[ P88 et ?

t he beam whepodue@ahimBed hemBepdfheratged, d pbid, | 16518 Sadifonhdo@dés el théne
beam can diffuse inside the water if there is no bead to intercept it, and
t he vol une SBYYPEH by the BSE is deep and wide (one to few microns). The
signal tfpat the BRE.gepnerdtd, i éﬂ&%lrﬁsééhiblegfcohﬁhﬁ&r ALliB0 srhels ami&bs, | ar ge
volume and 15 for this reason, éoes not vary significantly when the beam i s
scanned. Furbtlﬂeglqaniusﬁecnafensm(@wnmg}wwnsw@»whlchmﬁsttch@s pregéo by low coptast f i s
on the orderg,gf.the size of the BSE sanpled volume, this deep BSE signal is
a const ant tﬁa. can be renoved by an appropriate choice of the black |evel.
On the ot her handy som@m heebitshy ciut arsefvb anitetom Seresnficibrgavisibilitit & thel "Resad, a
si gni ficant n p . ' I nor e
BSE are 20 edh}?l x% ﬁelﬂﬁ%g] c’glf glr n%@s&%ﬁyﬁ%@%g@r%ﬁ%s@vﬁ h%d?%geohtl on
obt ai ned5i s lxettamnd\wpomts Ahmprhe dﬁferm& dmgmharrmﬂituded)eammtthawpmanmat t he
depth of th e%@ h Fg ghr?zt L ocat ed just below the nmenbrane is inmged
with the bes HEhet AR p Sppes Pirdevgbeit he particle is inside the sanple, the
lower is the resgduisgr- 3. which it can be imaged. 25 The spreadi ng of the

ol mul £t on. Ve TR PE B PEAR s BLSHies B (Y 2 eB e GoRBAALPA: { or

el ectron M ™A gsdi@@r¥ntabehs MvE E@aARIMININItiSn (MBYdeQladdda idvastsdntiy giFELBS , New Yor k,
London, 1995)] to g{formsuch a calculation., Input, values for th

simul atidn are t Rl Potif SHREEdGnG Rt B Theshanebis dusaeppogiigral fl"Hh afdan
atonmi ¢ nunmbehe ﬁmée 8md* iR di@ANtoHoRBTAioIOSMEL G2 Ad & MBRimund NS esTStdriar Of

the material is g/cc At 20keV , the |imt of resolution is estimted at
60nm bel ow t"HBtf‘r‘?é% SRbe opservdismin &/ heam di amet er cal culated is 35nm a
val ue conpati bl e 1, haetxﬁéanrﬁﬁn?dek'wQﬁct?&fs%d?%s%é’%ﬂéﬁéatxéﬂdr&er"t@%ﬂsefr%ea beads

are in contact with the menbrane.
specific material contrast C is glven, in a general way, by 1> (S/C) . The corresponding

25  current (at the detector) is I > (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/np where T is the scan time and ny,
the number of pixels per frame. For a high-quality image, there are typically n, = 10 6
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:
30 L>4TC? 4
Finally, the signal current I and the beam current Ip are related through
Is = n s (ens t€sgAm)Is. An SE detector like an Everhart-Thornley detector is very

efficient
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WO 02/5125 PCT/I LU 1 /U 11 U8 The cal cul ati ons show that if using a

menbrane twice thinner, imaging wwth |Oonmresolution is possible at high
ener gi eswdroiudigads | ocat ed deeper inside the sanple, onePGIALOAKS | nto
account the spreading of the beam due the | ayer of water in between. An

appr oxi mat i GithFooll Reledtion BBSE! [GoNiski & NEN TRY BSE [dbtector ddts AotMsdt SECind,

nmenbrane '+d ~ water ~ dwater cal cul ated from MnteCarl o sinul atiegtgﬁ Wth

t he menbr an@e‘i?é‘&it ﬁﬁ%“%}?l_l!%@ Raell Sl&“‘ﬁ@Fd‘*‘B&P]ﬁ’irﬁqdé““I‘ gellection efficientyn Hedarady t he
menbr ane. Canxfgin RIS At dt anfee SR 1GVOborhSikes'in P00 Hodefbesan be
imaged with a resolufion of 80nmw th the same energy. 10 F. SAMPLI NG
DEPTH. For otithpthst samess sonttast whilefat jhighsr energies they BSHamede dey hederp Takins ay

.particlegca t eg: [ d S 4 i st 50%
b the pice ehopOR Bkt b RSt aRBLy WS Yok R B em BRET
to the surf aepik@yl cigiiniaontpascC is [19](plsd 66]Goldstea prdtdi cal coefficient 0.2
-is for carbon, but_i %l&oyd very simlar for water and the materi al
conposi ng the neir:‘ifryrsl/és sin g‘) E’ﬁe coefficient evolves very slowly with

atom ¢ nunber. Taki hight &eergiesal the amtrastir Ceist sinalye delatedpby nguakemt B, tatth&keV

obser vat | on TERGPEHAEFAYDHAC: ALPampSalsBelss: B meBurge aave : Sistgfeh our
145nm t hiock thecdiduddtion of thevaintrhal dufientsequired NG afl @pidivation ap piotogicabépetiynefls 4n at
| CkeV , |.2wm at 20keV ,._ and 3.]1_wm t 35keV., which is the maxi mum ener gy
avai | abl e orfuffbafy cElathilyater erlsionand agoldpaids i Walglse val ues give an
estimate of the rmaB@sirAenttARIASE Nﬁaﬁd]bnnauaiu@hw&gg@% oP BletvieigH of @BioRsical
detected inside water. 25 G ESJI',I MATI ON_OF PRESSURE | NSI CHAMBER. The

fol | owi ng i sPerimeike acallclhatslols compesed of 784 pler pik?e oaganis cupRpidlr . The
W th water i RR oF U ok (iGe S et HE HEuORE ORI E 2R s | o
si npl i f 15t here A etcmét mhyfﬁi’fen ftlagse alupy th%mvptar%fnig namber; of ¢ i dorganic \\
start with 60%249 I.Gh~i il J% AN t

at nospheri cq%(?%ésﬁzeﬁgef y OOfrﬁ%éerqglg?faﬂtn{d félg B%Eg%lxé% 7;6@’%12{&@6{1 %frrtg%sur ed
i n at nospherdogesponding\backadatieBng Bodiitiént at BdkeM gitel 097 farswatere .07 3vfidrahcells

smal | conpar to I i A put t | ch er_i{n
vaouum 2 TS ehl St deE AR AR mednn gt SusR I Bl STATR nd
spring constfartberioreTthe badksehibrinygcdefficipntadlow. dtBgaktletial shows ithat emliyinat sunes

G spl s Heni s AR Rty AmpURCE R e AR Ba PR

experinmentally. The surface area of the menbrane (piston) is denoted by S.

material | Z n contrast to water I(pA)

water 7.2210.075 | - -

Cells 7.07 | 0.073 | 0.027 2900
Oil 5.8 {0.05510.267 30
Gold 79 10.78 |0.90 0.25

TABLE 1 Evaluation of the minimum current needed for an observation of

25  different samples containing water. I is calculated from equation 5. The values for n are
calculated from the expression of Hunger and Kuchler at an energy E = 20keV , using the

mean atomic number values Z indicated. The scanning time T = 100s is typical of a

meticulous slow scan.
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3. Water is assuned to be inconpressible. Once the chanber is put in vacuum
the piston shifts until equilibriumis reached. The expanded vol une, Ve, is
det er mi nadob®4fagsequi li briumcondition and is filled by aiPCTanoh/gwadser

vapor. The water vapor pressure, Pro, is determned by tenperature only and
i's independent ofntdiPwiel sHRsibS ﬁFay e trd dr6 ¥asht Uaeerrmhe E’dayﬁe&ﬁas Bkt @y and

wat er vapor are assuned to be 1d gases. he nunb V\B.t er vapor

mol ecul es i $imgh PighesyC ~(26:7RHED mupmzlch@remrfalh@r ghaf cpsg tpr?efeWetﬁwe@%ple@-e 20
The tot al t Nrggo
TR N o ASpEHsC Eba gl 54}3%%%% thé Bfhda NARMBlehSC MoBofT =

(ni trogen) ﬂrmhgnwitemun‘emm(lﬁ)i ﬁactd)n{of)tpm-ﬁuamie éiahituhpt ion 1 that Ve>Va. 25
Another gquati on ek SSRGS Salhuals B LIRS IRELUT SOpdaten |

{3) Pors™= kA 30" usi n t "an equatifon

112/ - 45125 intégtptioni tinteo I(ﬁekcdﬁ(ﬂ'dvhhiﬁgébuélﬁ Jlfb@&aﬁllfhglmgh (héavyi lma(k’b)s anli §2) one
-gets after sQ

a n,an .0 t.that d t al
par anet er s: ‘(lg‘jqagﬁ am%"ﬁ?% d%era?eth %]HE@%}OMFHF%‘]/ LGN RR B egghreg{
tlr_;nsforl(r)redn'&aaﬁdamébgditidh@@ljlgﬁeﬁthgdh@é‘g&ati)ﬁlhﬁie (6) 1Eor =1 + parrrr ya prZOI

e or to or = 0.~ Yo pnrn ye uat i i s usefu
P orotjhe est | rratig‘ﬁ)lew nggsrﬂék?\( raé‘tip néf:rﬁnfg %ﬂ?q ght qyﬁ&@fﬁ!}g bgoomes | f
the ratij@ Ofmpéieans QN niRhdAck, JoWshradBBMbRE néehaﬁbre BAEmYR et RSHe ai 1
bubbl es can be neglected and the pressure in the chanber is the water vapor
pressure. |fimpgedis |arger then this ratio gives the fraction of the total
pressure from at EDEVMU&TI@NBGF‘F -RENOIRFIOR OF T BeeakiGrg Was deri ved

with the condition that Ve>Va. Va>Ve then the pressure wll stay
As in any electron mlcroscope measurement, the question of resolution ultimately

boils down to the existence of scattering atoms that have a high electron content. In the
15 absence of strongly scattering atoms the beam will reach far into the sample, widening and
losing 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
20  effective signal producing volume, characterized by a diameter derr [Goldstein op cit.,
pp.162]:
der=(d*p+d* m+d>ps) "*(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
25  energy and tends to be negligible at high energy. dp, 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 d;.
The distance dpgg 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,
30 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 = 0.3Rgo. For carbon the same relation gives dBSE = 0.6Rgo.
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20 close to atnospheric pressure and the water vapor pressure is
irrelevant. Description of the Preferred Enbodi nents Reference is now nade
to Fig. Wwowhixibsis a generalized di agram showi ng a | ongi tradiined/01108
cross-section of the sanple area of a prior art SEM 10. A prinmary el ectron
25 beam 12 trave ARgh ya@%tgm@fzg £ hel RAGRe 8f MtRAiBn bft the! dlecirbhd kes
the sanple 14 tolr?orm a g gﬁgm of ckscz(a)tteered el ectrons Ii6 Wm%h strike
a backscat t énside the enetarich Idistequivalent 1@ the| adingiaf 2 ristle contsed R ther uefpescpt the

el ectrons, eg ee r=Xe) &F ed
towards a s§§%ﬁ qﬁ{? é@f&@%gﬁgﬁ"g‘c n%ﬂagb\%oﬁﬂ@g#ﬁug ° SI%I

PCT/ 1 LO1/ 111me®ctiamevaham: free path of an el ectron through the atnosphere is
very snmall and thQus toh(ﬁ7 {L{eoeleqkr on froman emtter via a sanple
to a detéctor, iS*Pna §Qﬁgi‘? rrgl& ng/ |tp@$7p055| ble to study wet sanples or
i n-vivo pr omae&praeécbmqmezohsthadtmdasaﬂﬁ:amcenagg in ReWhiAcib thesatamigevedglanin zed
-di agr am show ablo udi nal ; t| .on of a scanning el ectron

m croscope &P glF’cﬂ ﬁéh?%gQB‘Pﬂ@P aaélﬂ W&nbrf‘é%rent i nvention. Parts that

are the sane as txm@sm&hamoldalchm 1heé mebfws.ﬂfrb@urt@nan ¢heggenenl tdze ofalifae
reference nupgeral s, and ar escri bed_agai n, except as ﬂecessar r an

under st andi %?nttllz%erbr(é G meaigrial) Hauyeyer, on 4ihe thg, HINITOE -cas oﬂ beam

12 travels theihwih V&g wmﬁwﬁgm atdRickRinibRIahEiSarPestimatli€podiblehi ch i s

pl aced within a chanber 34. Sealed within the chanber 34 is an atnosphere
sui tabl e for the? Bealutioneligw ceuirag semplpsAtiQy e9e8%e, in which atnosphere in
Vvivo processes a'i?g}ﬁ‘l?ﬁ orfafs éu%ﬁ%sm P Coil Ipﬁaeniﬁétenﬁ%ohﬁ%ﬁg SV inb AR tardM | |
conpri se an aqueous ifum |n order to seal the chanber fromthe vacuum
chanber, a Istose ﬁmughen atopi¢ vembey se that asimple astisnation veuldchectengnsidar dham an
aperture de b designed to hold the nenbrane
36 at its eniéggglﬁ ?;lﬁ& Héhan%?eofﬂaﬁséﬁf%kﬂggmn ?lybe shown in greater detail in
connectildn with HL@(@&%HOME)fﬁ@)sanpl e 32 is preferably placed cl ose up
to the nenbr 6 g h

t hr ough t he »@t%?eg Fﬁs catlcu?at[t%i ealﬁéanq%ﬁ%xggg?hmrgggéalu onrrga;%ﬁgglﬁé £SalO§%fls In
a preferred cﬁgﬂmﬂurgmrd’(anﬂndmemmmthw%sio IS in actual physical contact with

t he nenbrane and .he cas living tis own on the nbr ane
or attached ther 31318 %}?Pﬁtﬁr I?ﬁo'\%ﬁ Bea g dep Svﬁ“ll %ng’%u} PYIFT ded m the

her ei nbel ow.mitfoséopeaRIRield Bafissivhasdines prdues Abch eSS 1am siel i@ fthobdst &nd#dns Whi ch
will be |scijssed in.detail jn_connection }(}uﬂ Frlgg 3 below, It further
conpri s&¥ aklohpusteny fughreesy), §ihilp & thy mostittaulticgadiions; theizf isAropndygnm.
appropri at e Fep Bfinghen GilahRht ﬁlms&ﬁﬁ%g&ﬁme@sﬂﬁés&m{ Ray Vdry FRnPR%81100:8n.t O
utilize the inlet 41 and outlet 42 to change the ch emcarr envi ronnent _of

the speci men bei dgustifigiresqlutiony ebtpined m@%cgsepaf light Jagpley ane ep fhe prder gk

study of dr u@enmVRElGkeVt, a|1c$w 9&&% Blaa Fladwlyshbntéa@rcdxm&aﬁ&agwson of a
cell as the concentration of al ven drug is_ch an&'ﬁp 30 The nenbrane 36
e

may be a foil or a’f‘l‘”%ﬂh\‘@ﬂ%ﬁ@ qu’ﬂféqeéluﬁEﬂ derr 580 to withstand pressure
gradi entg of up EHHSARAITOIRNRIRD Wik li81s Rird tHDLERTE rbidiRiACHERBr 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
decreased, 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
30 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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transparent to an el ectron beam In one exenplary enbodi nent, a |ayer of

pol yi m de substantially 1500 thick is used as it can withstand the pressure
gradi ent Wwo@d2usi26r ansparent to el ectron beans havi ng enex@cagLonotibe regi on
of 3keV and above. Thi nner 23 WO 112/5125 PCT/1 LO 1 /01108 nenbranes are
transparent 1f Qu?le \mplde® 9oBGRR Yalaites!dllif 0GR kmblafc bl vRr. Ang ange
of 200 - 50001 in order to"wthstand necessary pressure gradi ent and at
t he sane ti retutiontqomplniely ehﬂng@soﬂleqndmlqdm gald partéicldsdm watencar giae gengedlvab| e.
Preferred i |g]nq lar formul a

C12H, 2Nz O, rr%%r‘ahgyegtg%a%eg?h %rrﬁalda% & ,@}-}@{EP& ﬁl[aﬂéﬁhg}r?\lclgﬁﬁ%ol ypyrrol e and

addi ti onal condud. Rw@lwnﬂmfb@l copmast satipdes athnghbnnﬂg)on silicon dioxide,
silicon noxi de,.car bo a demarked materia di_ng, Kapt on.r
For mvar TR Vi nyl G RPNt R A e CR Fht AleterliE s s RniiRR LOA)
pol yi m de a$xﬂﬁﬁﬁéntﬁscbtaﬁglvmeﬁgyl Bis tHeotangehel feastemgel whombierspThehigherbtham and

theresultl C ter d electrops. 1 1 el ectrons E
general |y h &ﬁfeﬁ é%*Oﬁlﬁ‘& ﬁwg@ %?agﬁ;aggﬂg%?gl%}%ﬂa BmvﬂBHffaé%ﬁB% mal |y
tend to be ada&eﬂbmdm dlaﬁlé't@r MWBOREV , d¥ui an Dketer bh Blagiifude Sfihlldr ebnf thOBalhME oS aNpI €
are not norni al lé det ect ed. However, in._a preferred enbqdinent, the SE

signal is erfRigrcEon of BYR (iyend v IRSEpThit damaongirates thatdheresolption is gtaplated fo of
mat er i al johavhd ehnge Iar smera&féﬁ nﬂlathié caéeeqierxegbmoﬁl §l1inkedRb @R diRmESF btths bbdie| ude
l'ithiumfluoride. S As will be appreciated, the SEs are detected by the
SE det ect or ‘Qf?nd?ﬂ?htnﬁlﬁ]ée depth of thegp nce the overall signal. In a preferred
embodi ment, the d{;aph € ;@fes ttﬁ@b@iﬁpgﬁr?qlfﬁfng%s@&e {h@ewﬂ@rn@rtﬂ&@ i$QoWehdltd) t he

aperture is substantlal rane I's typically supported on a
grid, each dperseplgitidngdthevelinae gamhplechby thegBSE rsedcpmmd widgrfenefo fgiv microns).

subst ant i al I, [t 8 El?:ee%ﬂ?% 1$Hiéargs%ﬁsof%1§%§§}£dvfef’ ot IL}%]U&UR apg Lo
vmthstandapresé’&re graé3 it I's SC ? Y . 3.
The nme nblrSanefoptlusheasme 4oe§)amtmat3&1gﬂlﬁacanﬂy whemtha d:aam)is smmnlad durthenmoeg) laelugh:
condi ti ons vvlthl ah vghe rIE ag 52 tel%husn € gt{ée Zlen?p%gc#%grg oleLZ
range of sarpf@s thav T el tdes PiszeAigeleln § 8Fgeéﬁ &l PHBY G of |
and pr ot ei nsvoldrhe, fthis téeprBSH dignabistalvensidnt thasmaielraﬁm&fl by ah bproivieschoelol o ds,

phar haceut | it PERBISET DRt o SR Db ot 8 T6SB G A ne

dynani ¢ propesiphi€iSa®fpaflrdfghie bedne Rarfibe Srwajcéptétgandjirﬁﬁﬁlﬂély(hnloﬁﬂﬂ)re BSE are
disinte atlon a &11@1\/% t he resi 1%ance f cells tp certain drugs. In_the
textile dLF§’?’Ft§F{] Rarkseatarmgsoeifeenty dhus. dhe resphuionjobiained ds dependgat qn they and
drying of wcs@huaw%ﬁ%mﬂeaydﬁbh%dn@atfth@&pﬂmﬂl@wad% fields to which the
invention is appl i cabl e ggg)gl ncl ude petroleum f.oo0d,

eoI o]
m croel ect roni cs A peAdehat Mtedusiheloyy the meambyaneds ¢ B?Rﬂé ég%bﬁhﬁ&m@‘lp
itself can b&efdeE#]&Qhé’\q)a{rﬁclé‘mﬁﬁﬁd@fhe%athblg U 1¢ver §0tk r&HIuaBS ol DRcE RRH 88 Can
be nonitored at t ecular level due to the nanometer range resolution
of the el ectif8gdbeam The resolution |oss due to the nembrane is negligible

since thgre are 24, sgx‘é%ﬂ%éf {he béain qu n@%g]l;%ll X?@\éedftg\é’%lﬁﬁ@& ﬁ}eMoﬂ&

events which occur therel When t er i s a pressure
relief devi deatlopsimuiatigns. \We owpd |asq0dg dgviggst bnd>-43 Jesh tMante a@GIIOt Modelingnforbr ane
44,

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 C»OsHoN;, the mean atomic number 6:4 and the mean atomic

30  weight 9.8g/mol. The density of the material is 1.4g/cc.
At 20keV , the limit of resolution is estimated at 60nm below the membrane. At
30keV, 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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may be provided in the chanber to prevent the nenbrane 36 from bursting.
The chanber 34, in accordance with enbodi nents of the present invention may
5 be i ncowpanased i nto standard SEMs, as di scussed bel ow ircwr8pents of Fi g.
3. The chanber 34 is conpatible with standard speci rren hoI ders or speci men
mounts. The specifERBA 1 i (TR Ms) agﬁ{gs,h

st andard COhTTEI’C_iTgF gpe%?(r%{érﬁ_h oﬁﬁer@g@ at ?r%qu’zlaér? e |nco por at ed vmth
ease into trreSOéL]:S@uilsmsSlbhatrbehenarglas is, the enclosure of the mcroscope
for placement of ghe.aneRlnED digloaad tell e, B R Brobine
chamber has been Qescribed as €ont al i ng at nos pr ess I'S not
necessary f opreafling snthé dwamndbei medeydraufnwatasasbémm @meppnoxmmhnm;pfhbefound
to be suitable, hence reducing,the pressure radl acr rane
36. A diffi cuiogvmflﬁs Bt ‘%ﬁ _Q{ @ctbFaBnﬁbé‘%{‘r‘?ﬁa'te %dot%e 9@”%{’4%“@%&0% n8r an
in-vivo 15 FEaﬂbésiiﬁulaﬁonTshat the el ectron beamitself danages the sanple.

Peak damage to for occu choj ce of eV [ 1500A
pol yi m de nenbrg%ﬂ? %Bﬁ‘é?%wdt%é&ffg}aﬁ g‘rf&&y?]@%?d at'llﬁgmﬁgﬁlﬁgéﬁ? evel
can further henpid éﬂn&%dnﬁg ed Wittt h R€boRioR BEA SHim.| £Beld 200hmhdedp Bibe RfagehMRgE
to the individual sa O Reference is now made to Fig. 3, whichis a

sinplified swlgmeﬁtg}uwf&é]ea vithghesae@negial di agram of a further

enbodi meyyt of the chanber of Fig. 2, showing greater detail. A chanber 50,
preferably of a size which fits into a conventional sanple holder,
conprises a sanplFeSAMPLING RERdRDI y 51, which in turn conprises a body

menber 52 encl osi he
oxanpl e of Flo. 4o paniRihiss f 2LEhgy a7 Kl Rl THEPA Rrtile ool
The sanpl e r@@cwdmssieehﬁ:fiaum@d by a nenbrane 56 of the type described above
which is fitted r i 5 59 is
situated above tﬁ%%nleg%%aggéﬁgnggg%psg%a gltet ere éasc gqjgac@paé‘? l’f‘g%fa'li

cl osi ng IentEB2R&S béfotes retnmingt toe theo dyrfave njdadstedn | |c1p smcrppaO\ﬁ@ayHms numexg:ral p the

menbrane 56 around, it,s. edges, The c] gsi menber. i.s attached .t dy
ot P e o Rttt biois GO Shper e it el TPocmith s M e e intferia?
eﬂd gsijng mrarlghfpbs'n@ﬂxe m!dililﬁihehﬁ]lce&e&bﬁ’(ﬁjiﬁﬁﬂidvﬁlvmry\ﬁlb\myt»hﬂﬁfﬂﬁiﬁﬁ mmbes 60 in
t he oday ne er N r r to ravi ernetcseal of t S

o oY e, akipe dast ol of Qo Sspinatd sHIpG 58ty o ekl one S nlg faE e
sanpl e regi QGiRold. 1505m. meﬂawg%&gatﬁﬁgwuh%%a&&tﬁn&mhﬁgﬁg wa§ hafywn i n

close proximty with the nmenbrane 56. Preferably, it should be either in
actual cht Rossihle pelowhis gaerey with owr 143mnthisk membiBt-er s t hereof so that the
el ectron beans dq{%%ra&?%@@éﬁﬁnlﬁlg dEﬁtﬁ‘i@Japp%)ﬁﬂh’t@i}(ﬁﬂMnﬂﬂﬂb‘f/' q@?ﬁl ) gUaRdvty of
at nosphere. Wien the sanple region is sealed by tightening the screws 62
there may betd 35lHBiat3ak whlclpﬁéb%@P@Wtwwytahelabg@pn@nwé@qnawg elpplEene | s
thus provi derglcfbs&fp%§ kS {thdsSlivaas edfiilare @@m@'&@éﬂ JHiehfRs “ﬁﬁlﬁﬁwﬁwﬁf ess
fluid. The assenbly onprises a stem 70 encl osi ng a channel annel
72 connect s Rapicl %‘a‘#}bﬁéeﬁe@g?@ﬁldﬁwaﬁth a further opening 74 at the far end
of the sjgem 70. Around the stem 70 is a sliding cylindrical cl osi ng menber
76 conprising an upper part 77 which fits over a |ower part 79 to press it
inwardly 10 ag&i BSTIMATEYS O FBESSURERIIDE SHAMBERI osi ng menber 76 is
preferably used to seal the opening 74 only after the sanple region itself
has been sealhedollewing isH simplersglcalapent ¢f theopresshes insidses wetfchamberoThet dalsulation

o (or AREFERE G bl ARE S il QUhAL WISFL Y Ui RSRER °
of the chanbétle aif inklsle Ksagssmall tmblded. adapt ed f or add| tional sarrpl i ng by

optical neans. In Fig. 4, a chanber 80 is produced as part of a |ight guide
82. A neifbr abresigwlifyithd chldwation dwifaljowingbssnmBidons geeajonsidered:

1. 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
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t he chanber 80 fromthe vacuum A reflective coating 90 preferably coats
one end of the light guide 82, the other end leading in the direction of
arrow 92 wo o4phet omul tiplier tube (not shown). A sanple ®¢Tisonwnbed wth
an electro-lum nescent (fluorescent) marker 20 which is excited by the

el ectron beam Thgshirghivhich igi%élﬁe&ﬁﬁréa%ttﬁ@v@lhﬁ@%kﬁrﬂeioﬁ,f V,aéffe?‘gﬁ.\%g g e
anplified by the Ehoto[rultlpller tube (not shown). Thus it Is possible to
det ect singl e phekasapst inaysduurhere is preferably provided a means for optical
detection at the - | 9008 mREM ae i S . to
Fig. 5 which ig' gﬁ@gr%g@)?@gﬁs %%gg%g%%gﬁlsg Nowi ngy E%Eﬁﬁ%gﬁﬁgp g?%\g%ﬁglﬁ%glﬁecti on
usi ng the enbodi fbistmaletingisFirchably. addduetessinep litonlysassmesi d lineamvatation betwkei on as
used in previ oys, gxperipent t.o de trate ESEM.contrast SCI4 by
Vat t hews ( Pr ocee it TR aheGpfs fRam iyl scti SERzads: x, 435 biean
Sheffield, 1999) constamt d0edsiintestimdtedvimtpetimantelly) e Tab wutfivecargo ofithe dndxybrane
‘reference. The el ectran. m cr.ograph was taken with a JEOL 8400 SEM havi ng

| ow resol ution, SMtioR 1§égf°gedﬁ’gr5§er is shown. The 30 resol ution obtai ned
using a nenbr ape Waterdis GedueiRd a6 balidbniphRsipleOREY the theMbdrdl puSinvvactualthey t he
sane as the resoluytion, |evel achieved using the SEMin_the_conventional

manner wit hout a PIFEARGhififamtibepysliteiym s seachqds The ppepded valitne Ne is defempiped

resul ts jgre suffibgiaptibfith OREiHSPAAd IEMIdIEP &R tandRyatetOvapo\@he 2 atest! vapor”CT/ |
LO1 /01108 It is appreciated that various features of tﬁe i nvention which
are, for clarityPre§asePuteis defprmingd by fpmwrraturg pnly andyis dndependsatnf theolumg y

al so be provided i L OR ph (i i &iRed : rious
features of the i(%\géﬁﬁ%gﬁ%@kllpg?%@'ﬁo@g 1‘?3\” ty,fg?sa%:?rleggﬂ]\ﬁ%ﬁ%tghgq%%ﬁt ext
of a single enbodks®ent nay al so be provided separately or in any 5 suitable
subconbi nati on. Detail ed description of preferred nethods of the invention
| deal |y, a technology for imaging wet sanples including but not limted to
vi abl e unf i Xde nithbemwifivates vepdrahalkebley srgivendyf ol | owi ng capabilities: 1.

| magi ng properties: Resolution of at |least 100 nm preferably in the range
of 1-20 nanoneters H gh signal to noise and signal to background ratios 2.
Physi ol ogi ca(l Iﬁ\r’]vi ropgemt of the Cell: 15 Ability to work in the wet

envi ronment (& fre Weprunfi xed cell Mninmal radiation damage (m ninal
interference to inmaging, mnimal effect on the biologically rel evance of
the results) 3. Throughputs: M ninmal sanple preparation steps. 20

Aut omat i on nt invention is based on a Scanni ng El ectron
M cr oscope, %v%?%ﬁ%yv%gﬁgjggﬁ}ﬁ?o neet the specifications outlined above.

M ni mal 20anplhs teirlapessure imthe shamisr 2ffer Gsartion ¢avacBEMisor ocedur es requires
coating of the sanple to prevent its charging. Here the aqueous el ectrolyte
solution (medium surrounding the cells is enough to prevent charging.
Thus, sanpl eq)orﬁpgmeotnbg (Ngesfvfgg)mr equire coating, and allows working with
living cel | &) fu=—p—= -

€

PV . . .
where N, =——§’é’—’7£'i’— is the number of air (nitrogen) molecules. In (1) and (2) we used

assumption 1 that V>V,
25

Another equation for the pressure is given by the equilibrium condition:
3) P, S=kX

30  using V=XS we get an equation for the volume, V, :
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The fact that sanple preparati on does not require fixation, de-hydration or
coating, drastically shortens and sinplifies sanple preparation procedures
conpar ed wo o3@sieenventi onal SEM and significantly enhanceCTinel/eues i ty of
the results. Here is a sample 27 WD 02/ ~~12~ PCT/1L01 /011118 preparation
procedure as a noE Ibizm' ting exanple. This exanple is suitable for |abeling
extracel | ul #4) #ekFH%omponents, |ike the extracellular portion of nenbrane
proteins. Oher | abkl i ng techni ques including | abeling of intracellular

cel | conmpongntime (&'if (HeRA1(2)2E gbd ahtélQ0oRY AIRIpARLSE G bRBLHAEIP Y, thatAHcnae
cells is done by the regular inmunol abeling procedures. 5 Qur results
denonst r at e onpgitialparamel@s: SEM t echni que is suitable for both fixed and
living cells, and for both adherent and non-adherent cells. Furthernore,
these results denonstrate that while |labeling is needed to have single

nmol ecul e .de ct}jzoznPa,,,ﬁ’gHr be i maged without |abeling. 10 Automation
Strategy.” The crrerng? i NV fon al so sol ves the | ow t hr oughput of

| aboratory SEMs. It utilizes for biological sanples the SEM autonation
devel oped for the sem conductors industry for wafer-inspection. This idea
of utilizi NOrhigeqRhtRInQEY bé Hﬁlsﬁﬁ%@t&(@gafvmﬂg GiEme lRPRAn) or waf er-i nspection
is described at lTength in copending PCT application, 15 entitled "Method of
identification and quantification of biological nolecules and apparatus

t herefore” (PCTé)I LOL/ 0]9794) There, the sanples are dry, allow ng for

strai ght for ey dusage—af-a Wafer |nspection Scanning Electron M croscope
(WSEM or W SEMd i ke Fricds oscope. This idea could not be applied to

bi ol ogi Cl%l sanpl es obtained in their natural aqueous environnent, because
preparation of such sanples to be conpatible with the 20 vacuum

requi renent sref conventional electron m croscopy, including WSEM i npose
drastic and conplicated steps that feasibly prevent automation. The current
i nvention enabl es i magi ng of aqueous sanples, w thout the need for these
probl ematic sanpl e prepgrati on steps. Thus, allowing the utilization in

bi ol ogy t he (BEM" mﬁﬁ%tﬂ' devel oped for the semiconductors industry for
waf er-i nspecti dmr Thiss Uteilization will greatly reduce 25 the cost of
instrunmentation required to i nplenent the nethod. The automation strategy
is a set of guidelines describing the procedures to be used in an autonated
i magi ng 16f |Hauetiand[7) isswefp] tos thei eshimatinn AP, SEM firsicierm b ghe. righh isebputdf. @251 ed
enbodi nent Y ' j c ] ; ~cell
chi p' - cont aitpi gt BT bebd Won 3y WRE s ple AL AR L fucin st SbE e
contai ns a grglptted 301 the gaswd iff the chahbesEMbievegerngportfaedswsulihit sulgenthen on
(isolated c r) .co Lhs. a partition menbrane on, which cell s l.es
Cani oh oy B0 Paerg e ipigh o Becsol) BRIR R AEn@Padid o, M@ i o
control can cgeation edhsiderivdiewith dpaoaditionthaf ViHhg. $BWpHashen?iie predirdill 5126

PCT/1LO ]20/ 0 ](_3}00868 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
25 beam 12 travels through a vacuum path to reach a sample 14. 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.
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Once the cell chip is ready for imaging it can be taken to an autonmated
optical imaging (or alternatively | ow magnification SEM scan) using
st andar d wplbaskzs m croscopy or special setup, |ike opticalpdiiberoaos.
integrated into the SEM This scan will provide an overview i mage of the

cell's in each chanbgpe nﬁe frbg aﬁ'otf'aﬁrae%ﬁgn ﬁﬂéfugﬂttﬂgﬁnﬁd%{ﬂ%érﬁt\le%“sﬁnﬁi @y@nt

for 5 the experinent. rmatlon on the cells Iin this scan wl
det ect ed auttisethé entire elegpmpathplerh fah eatittey virew simple de aldgleetor, i, a mum,

partition m;n%n%qg \p%sﬁﬂg%&gwﬂ%“ﬁ@@“ﬁ“‘% fQhedipchani cal stability. The
e

grid supplies a“conveni ent srerice for the coordinates
of every image. |n Rbferonases ndvenmdam B1gt Dozdhc}stsamgwmrqhecrd dingreni showaigde t he
SEM the ceII i s transferred SEM chanber

g ng. Sar IR RR TG S et PRRPRL R AHE SOOF Bl nat e
systens of tilepegint Gblention r RAG ke a&nﬂhetshzﬁe SEMosEsioavit inethe piewlous Gigidianat e
‘systens are nmat gged the, SEMw || Jinma spegl fIbC regl ons?ng i nteresil sRO)
Chosen. aut ofNep 4B TAPeF GHANE Bl A0 ot ST dqstsToed AP CRACTR gh ISP AV 18R ATSEM
scan). Such umrs@mngmhy%@s@taammmﬁ region within a cell where inportant
bi ol ogi cal 15 act|V|t¥ es place or region that is related to a

speci fic sublocal i z5 Fign mplmmceéqcrr%beaanrédfaaﬂsww D e predagber 30

statistigal %RREESSHHAL B @vrl@éh 9hhesa wisth qaﬁathver@he sefkd wumethegaiaﬂlb@pid oi ds
are to be imaged in each such region. Such RO can have different size

hence requi ri$ fpataosiheresitabiafitie retartionrof get enddivamNissagy irewhipletmophiees ips a
d ff b f 20
trade o SHvE ﬁ:’&lc_%s@@s drk g;@ft% tald Fde. rﬁg?‘ﬁqsﬁgﬂ abf% n%ir %12 \;Jufl‘%hrﬂ% %ﬂmt

can be observed nce, erent” sl ze requil
i magi ng at dighdons ewetlivfi.el d of view. Specificall y, for an i mage of a whole

single cell a b argerd il o HeauhSor SR Sibuu ol P85 BBl 1 o

means | ow magni fication an sServe on
(dependildg omenbbrane; essstrietchedoavrash ab hp}arlaamadeﬁnedﬁby aarmmB% vﬂhq’r,mgrﬁ”ly desigdet td i eI d

of viewimm e aken,at ni a can h i ned t |de a
g Se e hEe R A 9b e i hLArbiSER T o SRR Pl BREH

aut omat i <C:I a:c |cy5nne-5fim§ wltthigdesbau\t/o NElice Sanmsls i 32 mnprél@rabgy plaeedStibses ipge ghe

aut onat e OoCu an sti orrectl ons tomat e ri thess a
contrast. H‘)g?‘n?r}‘? M‘r‘?ﬁ’if“ lSIBGSa’I’Péa}W"eH’ Eﬁl‘fel)ﬂﬁ?%atp‘? 9“’&?§$1?Fée i mage
anal ysi s aI gﬂiﬂhﬁ hﬂ&hanﬁburm orider td exsh tHdeavhple] GAd proRrred OMBEdiment Rl sHP3L | SON

of the sition i ze of gold 30 colloids qQhserved. Ot her signals can
al 50 be Me as}ili‘bﬁf’“i‘q(ﬂ P?‘ﬁ%ca:’sﬁﬂﬁtii e ThemhEane 2R oF (ieecass ghliyiag ijsypn may be

cat hodol um nesERBh HERh&REEnd aSat@&feanﬁérétb @6inf ﬁﬁ&brﬂﬁn‘%ﬂ@&@ a® Willkpd é&n@ﬁﬁé@l on
fromthe 29 WO U2/.LS125 PCT/I1L01/ 01108 sanpl e which can provid

anal yti cal disEsiRtelow- anal ysis of the sanples. Wiile one cell chip | s scanned

wi th SEM anot her cap:dpgatiGa ettt 33! botupddel % Rkt Buti@ o), Wit 0Bl beal

I masin~ in the SEM A very interesting option is use the narrow el ectron
beam t o exc|d;1$§u$sf3@1|*ﬂ detall yxeappeqtign(with Fig. 3 below. It further compnses an inlet 41 and

25  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.

30 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
substantially 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
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5 sanple. Such light em ssion is called cathodol um ni scence (CL) and has
been studi ed on dehydrated sanples in the past (reviewed by Hough PVC,
Scanni ng wo@eusan nm croscopy |, 257, 1977). This will enafcd/1devedes on of
light em ssion with a resolution nuch better than the theoretical limt in
l'i ght m cr osaembtaned Biesranspaknt MkevnMdﬁegeﬂefaay iteghickiesek wiay die wdmlrﬁﬂdh'ge“ragi ng

with the fam. r or esgent beIi . This option is hi adva eous
10 when et SR T ORGSR e wiEnd ieey eRetre ok el e dh Sl
systemt he %eﬁéﬂspﬁeme@%@étﬂﬁu%&he e daicii® BGIIEEINS Pafekred NhasHAY atdhat
excite CL (flugrescent) |abeli nglﬁrml ecules that, in turn, emt visible

Iight. This Pehimidediarisyamplesott Melgelas| fomnyla £1pkhl20; privamideo Rokyamidgzmpide,
separat e sf r qm;rehﬁreué U%lgrsﬁ‘&é 28 Qﬁrt%&r eShdubNfy 5@%@&&\4 186N e oMion,

el ectrons can "be”shown be equi val ent to broad band radi ati on (see
Hough PVC, SHisanidingids) siliegnomonoxBlensashansandfipdemarkelympigrigly inclyngliantondges of
'this nethod mev E ml § of 8Phol ol d

| abel i ng has}%%xg#bl 0 glpca advant ggtel?%‘zvawgem“%g{%“fﬁ Uﬁbﬁgopﬁ??grgd?nage
of | abel ed sl deserited adhwnie pllows der teavpassege npdhe primalyi deaoyi and| thenfesultieg i on.
20 3. Singl is easily managed and assures recovery of a
si zabl e fra?t @%ﬁ&t%%d%ﬁ 1&|0 ons emtted 4. The availability of DNA-encoded
fl uoresdént protei nSecxopéa‘rg eleetrorls {8BY) i ganeralppicave Uowdrieaargies thaal thase rdisaussed

m croscopy. Uni robe u s quaptum dots and,fl uorescent heads can
e used ny. ABpveste b8 ooty R e s B 6 e ribip P A pmital
advant ages lﬁtﬂ% 'tlﬁlbsaﬂlbléze«:lrd: flotQiohgallyt mdafbgq Hsvevdl) th £piefiiciRAbodiineht) thevBR - CL
apparatus may be base exi. st etectors or invol ve t )

devel opnent {ﬁ‘a‘dé\‘/‘ an “cﬁ YeRORHRE 58’6%@?’1“? &3 LRG °’&’6‘H’iﬁiq§{ﬁ%{]7 ?}Jﬁ’%ater@i}e‘%‘t“i‘%g
detectors araan%] QEoR¥A§édon yREE eryphal mawelidiemblutié Giktunf N&sAdehe upper ' hal f
pl ane (above the sanpl eﬁ In this mrror configuration_an ellipsoidal mnor

is placed 30 above PHevilheHperecigietnthy SEswrq detenied hinthe(SE detegtorcig andethpnssage
o Wi ndow | R el i ch 30 VID 02/ 5125 PCT/ | LUL/ L1108,
phot on detector is b % pepfesgd eséechmanfemeldemqt@mfél@rﬁxmg@ﬂamamf theamerlrane

Prstr ument oy © L Hetport 6 SSAma [ D3R AR B Bolealif abiblinsd ons o,
inthe | O\Nergnldabatchrmaniag w1th1mrthecgmdrihmmgmsmax1muuodilhmcmedf bé)lstanmaﬂlhd) kampl e,
o0 o o Sl B L EAAE  HRAR RSl GBS
is closed onssdhemartmaﬂyshwmtmlﬁg Bhe partition nmenbrane and on the bottom

part by a small |en L ane cated at .the foca ane of
the lens. Thus, t he%r'rgg?]m em t?rg%%rr?'b e%gltg%é]?pr SARY §n8fmqlhgmﬂgﬁﬁ?cane
and col | ect edndifionsheithienle dambsr 3 tand diuk ipemtiescthevipecion vt 8 garigh@f lsaniples The

or i ng 10 Qi iR a1 Faefia FHES ek RORDR 3 P Sieme X age

al so comtsai ﬁﬁspacti(ﬁnsf sMﬁicﬁhtsJ Sollesde(l oil Opalitifl®C emulsttas,| drdhpoldthedidier @fiéduance of
an optical fiber. o$ ‘gcal flzlj‘ﬁr | eads. from the stage to a detector
| ocated out $P O'Psne ithe phargigecution) dndnsiry the chafeley see, Lot fyewplsn e diehiriul e

detection syxh@ifie dyRimiededheRt bPBruge sk Kwelling, GstoRiibn ShdBRintdgfation Add-
signal (0-SV square signal). 15 The output of the detector is connected to

a conputer PRt evﬁ?lﬁtﬁ’%dlfﬁf’%s torfertpin dsegs dp thertextile gndusiay therdewhe)meebei ved.

The conput eryse@fdi 1ﬁ\%§ﬁ‘ga‘ﬁﬁ§ R WEHiIHENRY d#ying 09 RALE c&tr&mnm@nm-ﬁa 550 PSiher

begi nni n of an |rra e acqui sition; beginning of a new franme; beginning of a
new | i né ither énverffonwisr appliselle Anayy insdusie gpriveleurh efopdimgrelasy,
reconst ruct eglcfdglew@ﬂlgs % %Qﬁrﬁﬂérka@scstcf%Qchata 20 Figure 6 shows the
.Sanpl e Chamber with t ere t conponent parts a-E assenbl ed toget her.
The i ndi vi dual partg'her:handmsaﬂ utsdﬂcannbajﬁllﬁ vith a gBs gua diqitidasEesired 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
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Assenbl ing the set-un for fluorescence experinment 25 Figure 7 (A-E) shows a
first enbodi nent of an assenbly used for the fluorescent experinents Part A
cont ai ni /goaw/45128 si de a hol e of several mllineters in dirmewer (oot

shown) is put up side down on the table. Part B is put inside taking care

to align screw hel &ﬁtté}fngp@(eﬁ@ “/ﬁl&r&cﬁ« thdt¥R. OWhbA R c‘hﬁlﬁbér“ﬁ ‘%ﬂl@@%ﬂlr%a@a:{t B.

The menbrane i's put_in place. nbrane is 30 nounted on a

support of @r%swawf dRYiess @refeméy amamsmgra gpring 43 q@ﬂastaﬂéltlgnﬂbmbrm§4t o be
chosen bet {, ol e of 3nmm

di anet er g qulg)}%e %I‘rasrfcgé&f’re é}*rtﬁglgrrnﬁ e gﬁqﬁ)ﬁne p a%t'i C support,

this ist he r egi on mlambhei%"rrmﬁwaﬂmca withembodimeMENS theiptbsey iventidn may one

d h
Tnser t ed 1 oeisofesRE i Sl SEAIEIABRustdd el I R ofR . TG AT o
02/ .15125 PG# it doﬁﬁ)aﬁlﬂé. lNltIBstaﬂ‘derdsspéemimllmldafs maspecﬂenTrheurﬁs s @he wpecihien

‘inserted. The nb a.ne rts A B C ar to her . anpl e
is then reag’gk{m cﬁowngﬁb %et @F’ensé?n%ﬁﬁag‘li%@? Igbi{ll “[}l?ﬂﬁ

l i quid nedi somthas ltdenpbtsiﬂcelqiotafeﬂlvd&l dabeinforthespepiarea chambichahatiis) dhecenolosuia b C
(while it | still down t hi.n 0.1 nmdianeter) is inserted
t hrough the %@gr@c#ﬁ.}{ ﬁﬁ‘@&’eB'Zf’ftt@esPE‘flﬁégi“gférpart A and C. The pinis
insertedodeep insi dalthétphl linithe Buid, Ciit tShamBaC AAS bbde deRtibEé A DRhtainthle
other extremty of t he pin goes out si de. The_ last o- ring is put inits

pl ace in parfmspherig prefsuie, dhisde nphaecgssarynyr elinwBwlependup qeRaip) wees lower
conpl etel y, GEbS Thal 18 Bl toSbd BBfable, hétel 1LY thel PleSsutes oA dsef ul
for the fol ngﬁl ng stazps) Part D (goﬁt ai ni Flg mﬁvt eepllr(rjl (1jld gat%gp“%céﬁsgqlgo

col | i mate tmeembrgne36. not shown) is put in the assenbly. 10 The inner side
of the lens is wet Ry t%n;g I h?[;gprg S

i nserted. Wen turn?\n%%ﬁl;’bg} E | %&(lzleeietb %Jsagle%b éalﬁ;l[g@:élpl{)opﬂth tdn

| ens) i sl5pr @zepess isrthajithes slectainybeam itsel d@magﬂsghf( Sﬁfmrﬂ"ar Peark)dan&gnct@DNm for ri ng
is not conplefe j | Ac eGaUS [ Q | at e _yet the
chanber fror%Q elx’oﬁ‘{lgﬁdag.ﬁ\e?\ﬁeﬁﬁn;éccr%&%e r?gfége@/’léob epy\?/%l dgrr’éené e e Saye
chanber is d:ebrv&e!bspeh,kdamagetem rredl umin excess can flow out bel ow the 15
o-ring, in close pr gx lets fl Woa% from

the canal in Part C ?/\ﬁ]%rﬂé/ GH%VG c?‘q ﬁ‘S‘HF‘ p?pillgg%dg '@'n 'Ef‘é‘?d\g,rg'gﬁ’ber%% qu"?‘n‘%‘

correctly plmiomizestdamage to thsindividohlsamplel ed out . At that stage of the
assenbl the o-ring in part Bis fr 0 _occup t ace., |t cones to
its natdral positi ogr jilﬁf?ég 15{1oW; ’E““@é%ﬁgné Vhigh i ':‘ﬁedﬂi‘ﬁgt? ?’Wé"deaﬁ?i’ﬁ%r is

=y

finally corrpéatoaalydlsga;he@r atfurtﬁaatemsbdxﬁ@nt JM@ oﬁ&ﬁ@éﬁﬂfwxg Par §idwihgl Brefibr | S
then turned to.its nxal ]pfyltlon u de. up) and inserte |n5|dethe
m croscope detafle “’sﬁ b£r|59 Qf@@ 33 of 4 gz yhi ich If‘itsglﬂlfcba gonyRBtignak samnls brlgdpe

stage suit akbfpfihs 4senplé hbldt easé’e?ﬁﬂﬁ@lywhfgﬁ'%ntt@rﬁ dofH ;f)hgéé QBo&wﬁeﬁBé}gQ (2)

is the recessmto whi ch t he Chanber is inser . Just belowit is a
prism The [SPFlesg ayam@etﬁg@aﬁéav@awwSﬂﬁ@eﬁﬁgmthpﬁxamxée gf Figct thehodif a

hol e. | mst hingeniial 82 8 azs'?taﬂd%ﬂissﬁﬂqpe&ﬂﬁ}’ﬁﬂﬂoufni)c%@%axtnpl% fehi@htis @ﬁch%é@@ vy rance

of an optical fiber. In order to get better |ight collection efficiéncy an
al t er nat i ve TebEoass of g type desaribadeabavel hisht s dite lovergthh exprsed sidheof the

bi ol ogi cal Ight \; etup
is shown i n%%ﬁ@ie%gﬁ&ﬁsﬁoﬁtgg@nsg ggélelgtgg3%1%?‘3{{“&?%%%&5@\?\?”%%%% gfﬁh tgloiéng 30
directly f rcsmqehé7 sApsismgmegibons§ Histoher the buglyenquitst 6hindwtles ey aswetgip the
st L A S, TR ool IS e
cavity d0sk stubys GW“ﬂimhtﬁtentmendmsgmelmgl)olesﬁmt}tsle;aaslos,imgmembﬁsl SS,ONIhdslﬂxdlesgalné

gui de_ (5), Sc‘é%ﬁ:ﬁl%ﬁ%mﬁtp dﬁ[?gd(egg{)ieg %o il‘g me'boﬁyzr mem\ﬁg)r le or%ler toLprct))\gcl‘le He%netic

.t echni ques.

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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The current invention is suitable for imaging cell conponents in either the
intracellular or the extracellular parts of a cell. D fferent approaches
can be comeildases to | abel intracellular parts of a cell; PETiLot/ogel | s
can be used after fixation, the common methods involve perneabilization or
extraction of the cgldmBRAAEMRw N cRES SoRMilyWAIARP hRablneW8! Bfufdrdblp Ut t abl e
toliving cells, is to insert the markers through a pinocytotic reaction.
The cel | s cahoulébp eihfer in aqieal icpnteqt vith theBiembeage hwitbintgagmeters therqof so thehe

pi nocytoti ¢ ¢ eaedi R Bedth AS& R RavS teRhvel ik Sefifibdnt ffantity dramREphARE Med
under the appr op%oat gz%g connd?%vi ons. eIt O;IgflS\A}rg %ﬁsernt?naah%ﬁ ef:ng(ﬁgs
(fluorescent mar ker $hen theogtplsiregipeisapaléd yatightenimnglof tharscievs oA thezg myy bra
nanoscal § PahihGh e HASuB il HeAalficHEhAP et hiloBlaSPR LrARRL LT ON)
Sonme researchers® have reported success rn 1ntroducl ngp eads on e mcron
scal e i nsi deasseaiblys 68 hawinPdomesedpe | of 2atasofluidn dlhe xasseably 68) cpmprisesiarstem # e
‘suitable for fixed cells,.. . .Several procedures 15 can be, adopte dependi ng
Tt Lhe oper SOUPITRA AT T anie 7 FRTERS HaemBls PERE 36PN Griber FERIRE ot e
Sone por es. TExitrihe firamdadtckhé isteat 7T@N Aredidstht kein Thds asliding adylifdgichr éibsingdf t he
cell is first completely, renoved. Then, .i diately after, the cell |s
fixed. This RETRE f COPRRSARAAPE 1@8@3 Wla?h"%#egtﬁ;Iaﬁ%??fg’agﬁé’d%mﬁﬁse%vvﬁr he
cytopl asim tdg@inftUChRoisd OLrifgh@aly8.0TKe LREQR meathel 78 3¢ prRferatit¢ used to seal the
perneabi |l i zati on neans the cells are fixed first and further, the cell

t ) ) I
menbr ane i s WEHBS jtpakx afrithe symple jasian; itsclf Bascherw fealed, thys pligyyiae ¢ path forithe, g
cell's. For exasphRiddreheaRpltsfldiny ASGMly §1ich as the comercially available
I nflux (Mol ecular Probes I-14402 to introduce particles inside the cells.
The I nflux cell - oalisertp T3cedloni fguiasirtiorpintoeagsamplethoddep Givbshopn).ysi s of
pi nocytotic 25 vesi [ 4O ' hi gh
concentration with g‘“ﬁ%gﬁso@yc%ﬁ%egﬁ? nng;?ﬁ%% lﬁgﬁteh@ggn%%gﬁ’@ﬁglc%a eeﬁ%gr ried
i nt o t helScelHigs. ¢iand Biadapisd for iaddiv@wml sampding Pheptal insamsr b Figeh atchambdreédOried t o
a hypotonic i i .asul i,N I r tepial .from
t he pinocyt d{iff? cgfcgc{e%sl e(gpﬂl@ﬁigﬁ}dté%' (Aeﬁ%?beafllgl%Iz’?l}\ng P#&ﬁ’%@?g‘%"ﬁ% ef/\néé’%e%l%e
conpounds. 3be ElaniberBhfiomhtke pacatmnc A eeflgetive vokting 0l prefatably déaw loas endeof the

i ntroduced |l oi.da I hundred nanongter size d partjcles,.
f 1 uor escent qoglgﬁlgg%gz’t eegth?rcefnggeaggﬁlné ta’ea r&%‘l’i’a"rftzaﬂrﬁg'gd&ttg aiHI'Q'Oa’é‘?tB’@FI @be 1o
g gl | s V\I:D an2 ;)e(n«féﬂ szigdzg%# ngglf % ilsiinbrgced “_&thhaﬂﬁl_edrd?luhﬁrﬂesé@t chewéseatt) drarkeihen
- i t his_net ho .certain percentage
of the cBI SBFES emteﬂ%g#heo#ecerﬂ%b%gﬁwﬂ%h{ S dﬁ%ﬁfiﬁ‘ﬂﬁg@l%ﬂw@?mﬁ 0. 20%
of the cell sevigifie®8y th o'torﬁﬂﬁ]ﬁlﬁ@ﬁlb@f(ndtisuévﬂg. CRlub § i€ PosidR: toRRLEFMN t h
gold particles with | ow damage to the cells. An exenpl ary protocol
devel oped f diotpad and thegs s preterably nieyided panegpelos optigah delretiog pt the nangseale
strept avi di neghtiondrKERE! i Ng met hods as are known in the art. The idea is
to incubate the cells with biotin that will attach to a certain percentage
of the proteins on Rpfresee fs rayt madeto Figeh whidhds @ elestron mrigrpgraphashowing 2 h
streptavisdi Rydti PeBled thsPQritn RSN ﬁﬁ%&dﬁ}ﬂém%&h #id 8ChTeOmaldife RIAldilin- The
dosage of biotin for incubation nust be carefully controlled, since too
much bi oti n wenanailsiemis uspding pedpys exasripent taddmanisiedte ESEM entrgstadeskribediuce
cel | death. lﬁﬂ/l&ﬂe@@?&%&ﬁhﬁ%kﬁﬁe %ﬁﬁtesﬁe@ﬂapstips', EMﬂ}@Ba&Q)SP%QﬁJIE,rwg%[ !

t racki ng appl’ication eve studi es
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
30 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.
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with red blood cells (e.g., Hoffrmann-Fezer et al., Annals of Hematol ogy,
74, 231238,1997; Ault, K A and C. Know es, Exp Hematol ogy. 23, 996-1001,
1995, andwoebmsences therein). Biotin | abel s many cel | s wHrdT/iLbi/01188 or no
change in their biology and permts both their detection and their recovery
if needed. 15 Mcro t.

t hr oughput is paral ﬁQF %Pﬁgc%@ rt%lri]tv%?t qgn%\fg?%gﬁﬁlg 1n%ﬁﬁ§%‘(§0h Jh Aréc}g% é‘ﬁﬁ >are
m ni ature schsmibn@lrdhecomwS ofi scpaysic epbedimlats myalsprbo@mahhdhg'comhlmymaured
silicon process e. m cr.acol ums can erateln

oar ol 16l © ocharaie B SmiR Gl n ESious RirRs S RRO-LRE RS Rt o
SEM 20 bas ediesqrﬂ»bdam thEubﬁta:erofdehg]elemboﬂmiehanﬂy ﬂs@b@bmmdsd separa@ly@rin aty

Fei ner na t& v]\% I\/Lnl ature Electron Optics", Advances in |Inmaging and

El ectron Physé‘} e subgpmbipgfion. | g7 (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 m crocolums-based el ectron
m croscopes in biological applications is described at Iength in the

copendi ng PCT 25 appl i Catl)@tﬂlle(ﬁdﬁsbltl#tﬁﬂl of%&ﬂ@i%d%eth&iﬁwﬁ'iﬂé inddntion and

qgquantification_of biol ogical nolecules and_ apparatus thererore.

( PCT/ | LOL/ 0d%epdly, a ﬂqﬁ‘bnqlm ohimpingsehsrmples inc qéélgdwt Ae nised tofviablpeuntixed ent

inventiofp ar&nPiuiadRtvahelol bilsikd.ative pur poses intended to be
construe@ in a non-| |th at%eoﬁashlﬂgn %0 Exanmples A ' ONNnE cells on the

partition rrenb[a@ﬁaggg Io%:lug%"" ng are exenplary procedures for growng cells
on the nenbrane given gs nonlimting exanples. The polyimde partition

renbranes. are i kol 8k i o8 bl HRAbIYY: e rndlRrQ205h AR BT | LOL/ U1108

(0.1 nglm) for 15 mnutes. After washing Wt ture medi um

cell's are pl atedg; Libga1 Usiide MBYSnAto SRPESHd Alibons of 800 1500 cells in
| 2-15 gl per chantgée}} IEI%ﬁ‘ter Zeéf ho%lrls (():e g‘%are rleady

mani pul ati on/ | abedifgiog ﬂygsgnvﬁgﬁlhe,&gpﬁgcgﬁ.n grow on the partl tion nmenbrane
itself wthout the support of an additional matrix |ike fibronectin, but

under 5 guch Con@lbﬁlh@@éwmﬁ}{tﬁwrlét@mhﬁmfﬁ'aﬁt%fkﬁe“»%txmﬁfeed%lwashed of f during

t he extensive washing procedures. The viability of the cells is not
affected by any @xﬁmmaq%@dlmoq%{ﬁugee@mm?m@éﬁe;&eé td fASRE! Mhiha FRONALD! €

wi th both adherent and non-adhere | s (as exenpl i fied hereinbel ow). For
the purpose of i higiesieplivaelerenproldheregdls) s (|1 ynphocytes for exanple), cells
are first | abeled in suspension, and then allowed to adhere for 30 m nutes
10 onto a part?tﬂbrp%bmﬁane pre-treated with 0.4% poly-lysine for 1-3
hours. M nim zi nE radi ati on damage Currently we exenplify inmage dynam cs of
undi st ur bed pr oc®4@iEsal spmple preparaBomoyiepst i me scal e (seconds). One ki nd of
radi ati on danage that needs to be taken care is the danmage 15 produced by
free radi®al s foﬁd‘%‘?}“ﬁgﬁmtsﬁféteé}’ect ron beamhitting the water nol ecul es. One
possi bl e strategy against such damage is to include additives to the.

medi um of t he T&[craentinyentign is hased o8 ﬁ@cvmw Elggirondylicrqseepguwhigh g madiy to
radiation, thes aR¥pdBifidaEhAd RideAgbdadi ation danage to the cells. Any known
conmpounds SU|tabIe for radical scavenging nay be used as long as it is
non-toxic to the cells. One exenplary candidate for such an additive 20 is
sucrose, which has been |dent|f| ed as a free radicals absorber. This

sol ution i s Minimahsample pre BePScurrent invention since conventional

el ectron beam t echnol ogy does not work in a wet environment.
Classical SEM procedures requires coating of the sample to prevent its chargmg 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

30 conventional SEM, and significantly enhances the quality of the results. Here is a sample
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Cell | abeling by inmunol abelinE 25 Labeling cells is done by the regul ar
i munol abel i ng procedures. Cells were washed, and optionally fixed by 2%

par af or relwoehpsesf or 7 minutes. Fol |l owi ng bl ocki ng with thewpepi/enns at e
serum cells were incubated with a specific nono or polyclonal antibody for

1 hour. Aft

t hat recogn?’zgs ?Eﬁ ri% ggggcr?g qgmgﬁg %%Q&fﬂﬁl (sﬁmsntle‘he %dgg%?]?ggﬁgh%g%dl nked
to a5, 10, emaoolluldocqﬂmogmodemé. Uikt dire. ex@@celinkar gottidn |of inesnibmane rmagteins ePthére
further anpl

STIPE
cali brated f1 %’ Hé%t %ﬁef mcgld%%ggb%?v%&g&?acgﬁ@g% ﬁl%glgll Eﬂe?l{lsarg ?%S%éﬁé el%{t *he
partition menhnﬁme@ﬁﬁmeldy@ Labélihg LEll iSiaettly thenetdar 1rrmump1abelmglpmedmds on

et or el doryue ORererds araarpema ey wBosi o Thninde Eifand SF Bt eet 88, (on

C2C 12 nyobliagieSielld) amd fdr- bt adRde| A adonaidhérbdyells Atadhebmere) thede feghitsoved
by anti mouse 119G |inked to 20 nmdianeter gold colloids. The cells were

fixed, and épweﬁtraaerﬂhgn‘@@welme%gs negded 1P hayheip@e Bolachle defeswony pells ey bhel i ng
parti cles. ARagda3Rentibams. used for imaging and the cells were exan ned

wi th the backscattered el ectrons (BSE) node. The FG- receptor gold | abeling
can be seen as bright spots on both cells shown in Figure 10A. The EGF
receptors are visible on the A431 cells of Figures 10 10B-D. The fuzzi ness
of the 18belAugmation dtrategy nucl eus area is the result of topographic

di fferences between the gold particles. Gold |abeling c|lose to the
partition nenmbrankhe eurgmeinveptinh plse Pelvess thewlew Hreughpikoelclaberator SEMselt ng

beyond and ajgunde, &%%18%4841 %9’3‘818§ th SEM a&&ﬁaﬁdﬁzaeveﬁﬁéd ®r thbSehRBfdustof? t he

region of the nuc eus 1S evidence for the fact that the labels in this
regi on are findustrerfonweaferfinspestione Thiaridea |06 rtitiging ria rologhitke SEM; wﬁemgtlon

actual Iy 15 £ %eﬂeﬁm O#fgrc—)lh éjegt'io ﬂedélgﬁl?eﬁ%tr an%ﬂ ctogExQﬁ‘nﬁ !Pgtl‘a’rgﬁ:ﬁceﬁfont he

Iabelsfromt ane |t|onrre
t hree-di lrfsenant)ﬂml “Nethat oﬁaﬂermlﬁcatldmamy quantijeatian af blslogml lgollecttldfsrwd tapgparates e

capabl e of qg Of%}@'@?&?j?;ﬂ /B%@ll Sere %ﬁ éar&a]adaqgtdlr}g?ah owrlﬁadfor Str; ??1 rdt he

partition nenbrane can pra curat e eStirmati on
of this di stuasgeeof 20Vdfer hspéctive SaarmirphElectrasMicrbscope (Wlﬁj?M))br MEARSEMsliken t he

di stal side of the cell.(o0 ite to e.attached to r.an

Subst r at umy heeete s iR PR spChe aibEE pArlamb s iAo RIReT furh,e
cell's are gragqusbuerendirdrintnt, Bedifse rpm;wahhn @R syctasdnkples toalye tofipatibleqwithl the
coveri n%them Then th@é{;)artl tion rT'EETb ane i s placed n to%%%y} hat

pl at f or MO oVeFYURYy TeqireRgnts of copventiona TQth @gTEiORY, fac B‘F““E | PSS nmaged
and the cel |lgashtQndt doniplicdledRicp® Mt TRRBRNpreveR dutortatiRNThe b@kedd indhgsent
cells under the nenbrane Live C2C i, 2 npuse nyoblasts, Cells were plated on

fi bronect i n SNAPIEs, ENfLing PFaueoys tSEFF’%leﬁm‘ﬂlﬂlﬁ’H thef peed on thase rsoblemmaticesampleyer e
exam ned W thye arﬁloﬁ%pmqi@s ai[ mE 'tﬂé%hﬁ%a@lo;ign 6Rldes ﬂ(é:SIQMraﬁtoillﬁtl&l &veRpel CHO

cells (Figure 12) show clearly the outline of the cell and _its 30 nucl eol us
as wel | as denthesamigenductars ndysirefor e‘@ferm@eqhenzmé@&bﬁaapn aikh geeatly ey on

Jur kat %nar}héy&pggﬁ%ﬁﬁegﬁhb w&tb%gﬁgm\metlg {Hedi human IL-2 receptor

nonocl onal anti bo anti use | nked to 20 run-di aneter
gol d col | oi dhe antmnat@nlsgatm is aatel ofvguidelivesadiseniting the r@@duresto @ysed g gn-

PCT/1L01 /011 Q8nated i 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
30 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 control can be used in the preparation of the samples.
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a polylysine pre-coated partition nenbrane for 30 m nutes and then exam ned
with the BSE node. Figure 13 shows in and out of focus gold | abeling

resul t i ngvowgmsizopogr aphi ¢ di fferences between the gol d pa@&COyithdes1¢8s
previously seen in the FGF receptor |abeling of fixed C2C 12 (Fig. 10A),

and EGF 1 eCepfcQihel Bl ehi qure%)s 13 Arlaghf] it éan(ﬂzétﬂlo&g t&a@?ht@uateg’ fBOEReighEN W th

t hi s cat hodol um nescen set u& Even t the sig I's rat er weak
(probabl y d@éemaiwpbolow magrtificaiph SEM egankpsing stemw; Opttqabnmosegpyawesmmehr |y

obser ved. Tﬁé‘méﬂ pcd. ARBSGE Vﬁ?e g?%@?wc%@ %ﬁv’( ‘i'hxs“%‘ﬁxg i Pﬁ'v}dr‘e’rﬁurx A0ekichAT ts

of the cell aut 6 um nescent
col | ecti on iMags ¢fi the eellsyinrracthchamybme theirgmsition iand anssotbmpmﬁtrmdtion relevant for

Cat hodol ym nesceng d.c e Iy S
were | nsgr i 2%, &ﬁe?ﬁgnt“ﬂﬁ% 1850#%8%% t%% ca}] mHﬁl Span dw1r1 e{%ec%% z{ﬁ‘ior%ckﬂ
“natural' casingdpdcificaliedoelvped dforithas. ceI | s, as shown |n Figures 14 A-C. The
cell width is about 20m crons. 15 Biotin- Based Labeling on NIH3T3 cells:

Mat eri al s: Jihk fpartitidh-rhéntramt 1srm()18itqhm B nmalzgmx ﬁirsmwhmﬁcal&talbﬂiltyﬁ ThengdaVSO
and keep at 4C StretaV|d|n Iié/nka%g?1 %ﬂ% rt| %\%g di aneter IOnmto
40nm Phosph&F Brd P e’bth‘ii%ﬁe&e gtadlgre ?Vr?éyd’“ﬁtge 37C. 20
Cul ture I\/Edlu for the cell i ne war, med, uet r the
col 1 1 ey - HeieshtervirEe ARt S Rettordh dogtﬂd‘%tﬂ?e st EBe Mt o A
: gul fo- INHS't(LEEBtSENI changter @r tmd Mhbrt iﬂaagmgemgmadntal?gsnﬂml Mﬂlgjgmséﬁlaﬁ ntuaclbg
ITB.EJUSt prior tq use since de ation occurs in_ water, sol ution :
Strept avi di rl?eEf‘E?F'&IqH cgg‘g}‘\?@&yft‘img?fag Sorticalgpirrasepnegagd the§§MJm free medium (1
to 5 vol une . solution C: full 31@3 E@S o] ution (ﬁlqto,SvIune
ratio). Pro E e g gooriingte Sysiers pre Jpat ni‘FeS g 1impge spostfic; 1egigas Pon at
1250 t/mn figereé (RU])Jélﬁ)'ﬁen atorh RITRKE oM RRS B%Icamcaﬁm tﬁ@wmmﬁdaﬂorl@m
fresh nedium4, take 3ml divided in two 1 endorf tubes. 37

02/ .112s PCPFam.13uchRQh ean melude ﬁtSPW‘%‘éﬁgPQ?nW‘I]GD@ gellr whege frapor@nhblﬁlﬂgé"él 6.
renove asg méﬁthv@StaEEgﬁﬁdcglo? alr8&or® Hﬁﬁfs '}@15@@% a bp ecﬂﬁﬁub?bcﬁﬁgtlcﬁﬁ% Rl cell/ordpar €es

to obtain 1.5nml"in the tubes (washing). Resuspen . centrifuge
again for 3 resieupdich movdes v giotsticpiBeprsratation ofiother megiens| intthe pellajThe spend

the cells ar}gll&fhé‘ar\é‘%ﬂ)m% cggﬁr}%}ysuc}}%go?pcubate at 37 degrees for 20

m nutes (shaking every cen uge 12. renove supernatant and
resuspend i [ f

menbr anes ars('i]l Jﬂ? mbgﬁeﬁaag%ﬁfég@g S(%Ehseill%or g@?ﬁ (ﬁﬁer&ﬁ rgféfgi caffoe EP?w%EM
with PBS. 13ot¢ Hetibareds airede @bbaweanth@ficldof yicw lmagfrd anddhenslz@ of datetingrtiet i f
possi bl &g 16, ¥R gthedved Heﬁrc%;s di‘f‘fe%eﬁt TRt 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

25  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

30 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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17. renove PBS and replace by solution C. 18. Proceed to observation in the
el ectron m croscope 15 Livin~~ NIFiT3 cells. The cells surface proteins
wer e bi otwoykased and |inked to Steptavidin attached to 4Grawgol/oi108
particles, as shown in Fi gure 15. 20 It will be appreciated by persons

skilled in %Fﬁ?gwhl‘%]r@hp ggggg&gcwgan%gﬁlggfﬂ%m Lgn ted to what has

been particula own an er el nabove the 25 scope of

the present vy cgﬁcﬁlg%déé%ﬁédm%mmtﬁ@%%c%@dﬁ gybi nations of the

vari ous features descri r ei nabove as as variations and

nmodi ficati Or\serﬁgﬂgh%gol%drp&ﬁwiﬂ M thh QEREr sons skilled in the art upon

reading th Of Mg _descCrr ptl re not in the prior art. 38

WO 02/ €125 Clpai s 1&@54&% Q@an}ﬂo%e the Iﬁnﬁa%'l’ge?rfm 5kt l%t&k&tefl%t Hﬁﬁmm inhné

scanni ng el ectron mcro sal d chanber conprising at |'east one

apert ur e’ wskmbleapeaht lighe emsSSlseaﬂ eallediicathodolyneinisccame (Cls)aand hae bernastedi¢sbomg
‘adapted to a r ] t 5
wherein the |ei;l thzét?% rot é/s%ﬁ %@aﬁgﬁg&%l&@ y |}fsogl?lg?2§’ sérj%lrl#g (Lit%\}la%%g(r?rs]cgd%ﬁ’ The
chanber acc@5@j 197} Ghisl \millrmable deteqiion of tightleoliskionawigl a wsolamdnsmmit begtkl than

at nospheri c ,pressur. 10 3. e _chanber In I sal d
aperture sediteHRgiRn aimy t RS TG ShEo ol Rehitn pARBESLPrS

to 4mm 4. TEM dlagihe withothe fahhiligr ﬂxmreslcaitmbbhngxhﬂﬁeopuoaas dlghrlsmmvamegd@as a
t hi ckness |vyi bstanti al | vvlthln - 5000. 15 The
chanber oo oAt a5t BFiaE mabiet e damyedan 5 STt 'RoRiEF FEbEs e HeE T o
se: ect eg f I’Qﬁgﬁn Hﬂocﬂ{c@zﬂ Qeﬁﬁﬁlil NSy SlebtﬁfhsC(BEP@?ﬁSblﬂhgﬁat %&key ami (@lﬁorescgnt) labeling

pol yam de-i m de, . pol yet hyl ene, .pol] ypyrrole and addjtio conductjn

pol ymers, paRelespiesibat,dn |tlrrsoﬁr%VlSlk1§dtg§h lﬁcﬁ’F‘r‘r‘iFﬁthg% éei lecggdyiyg collection

Pi ol of orm  galtiwa® @e;%eﬁé i o théhsluhpélébn%ﬁ "d@@éétﬂﬁx E&Bﬁ’atr%ﬁ b5 36deRfarf elediishs chanber
of claim5 whereinthe nenbrane is i mde. 7. The chanber according to
claim 1, corlsshevmp be equivplent tﬁ@mﬂﬂé’and \ZIVWB%% (s8¢ Hoygh RY C; §canpipgelpgon g
The chanfier rigfeidby 19 99hatH divafiBfeR of Bid oo AFRLABRKNL € I n cont act

with said nenbrane. 30 9 according to claim1, wherein said
membrane s SupRA {@hbMktion SHPBOL! BGeReldaRl %%ﬁﬁ' WRRENE G Uy TRIESAGE and
a vacuum 10. The chanber according to claim pl aceable in vacuum

whi | st encl osi ngdvantagegpl e within a fluid. 39

2. Getting a high resolution image of labeled molecules can provide new and important

biological information.

20 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

opportunities for electron microscopy.

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

25 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

30 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
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at nospherwo opugsure. 5 12. A chanber for use with a scanmaTgLel/&aos on

m croscope, wherein at |least part of a wall of said chanber is resistant to

a one at rmsgﬂ%ﬁ dBESSSH sRuASR BuETY cAREtidnTohfiARSRA B be bBtafle® ComhMBRIANGY I NY
an energy greater than 2keV. 13. An apparatus for high resol ution

i nspecti on dér exampls; fecsn Getan4previawde Px Ingtremargs) sBelaviiwedassibeores pmplerim
conpri si ng L .

barrier pl a?g n asggog?glftlél%éﬂﬁ vnxlnetth ﬁh‘f’%@gf’g@%% gggg%\}}g@ﬁéd%g}cge%?&a gt)gftakbar ner
bei ng pl acedhesuoileasnd directed balighttgnilents) atstector ontsidh thewsicnosenpe.14.  The
-apparat ug aggqrding im reingt r

o oup. 153comrering Sdd oty 1 Sl B e 56 HRMCSFRANE fiked
wher eby a bearthedppet gt yoths pantitiom blembtane endort the pbitind patrby 8 ismall lebs so thae

‘appar at us acgcor di to.,claim 13, . fyrther_conprising,an opti.cal.sensin
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nonoxi de, and carhgon. 10 23, The apparatus aof ¢l aim 22 .wherein the nbr ane
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menbr ane i s tingd S KRB 1IWdtéddata. r €i Nforcing grid pl aced between sai d nenbrane
and sai & vacuum 15 25. The apparatus according to claim 21, wherein said
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sai d bar ner Wgethsr-alhedndividpal patsprg deserbgddn defodd pfighre i &8t er substantial |y

within the range of 0.1 to 4mm

Assembling the set-up for fluorescence experiment

25 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

30 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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30 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
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(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
25  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 construed in a non-limitative fashion.

30 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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scale (seconds). One kind of radiation damage that needs to be taken care is the damage

15  produced by free radicals formed by the electron beam hitting the water molecules.

One possible strategy against such damage is to include additives to the medium of the
cells that would absorb free radicals produced by the radiation, thereby minimizing the
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
20  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
25  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.

30 The gold labeling may then be further amplified by silver enhancement, using conditions
carefully calibrated for each colloid.
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labels in this region are further away from the partition membrane. This fuzziness actually

15  provides a tool for the determination of the distance of the labels from the plane of the
partition membrane hence providing three-dimensional information. Using image analysis
algorithms that are capable of deconvoluting the effect of the additional medium between
the partition membrane and the labels can provide a rather accurate estimation of this
distance.

20  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.

25
Live non-labeled adherent cells under the membrane
Live C2C12 mouse myoblasis. 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

30 nucleolus as well as some sub-nuclei organelles.

The I1.-2 receptor alpha labeled on Jurkat human lymphocyte

Cells were labeled with anti human IL-2 receptor monoclonal antibody followed by anti

mouse IgG linked to 20 nm-diameter gold colloids. The cells were allowed to adhere onto
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15 Biotin-Based Labeling on NTH3T3 cells:

Materials;

Sulfo-NHS-LC-biotin (Sigma B1022) (dissolve 10 mg/ml in DMSO and keep at 4°C).
Streptavidin linked to gold particles of diameter 10nm to 40nm

Phosphate buffered physiological saline (PBS) pre warmed at 37°C.

20  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.

25  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:
30 1. trypsinization of the cells.
2. centrifugation at 1250 t/min for 4 minutes.
3. remove supernatant and resuspend in 10 ml fresh medium

4. take 3ml divided in two 1.5ml eppendorf tubes.
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16. wash 1-2 times with PBS.
17. remove PBS and replace by solution C.

18. Proceed to observation in the electron microscope

15
Living NTHT3 cells. The cells surface proteins were biotinylated and linked to Steptavidin
attached to 40nm gold particles, as shown in Figure 15.

20

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

25 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.
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selected from the group consisting of polyimide, polyamide, polyamide-imide,
polyethylene, polypyrrole and additional conducting polymers, parlodion, collodion,
Kapton, FormVar, Vinylec, ButVar, Pioloform, silicon dioxide, silicon monoxide, and

20  carbon
6.  The chamber of claim 5 wherein the membrane is polyimide.

7.  The chamber according to claim 1, comprising a sample mounted in proximity to the

25 membrane.

8.  The chamber according to claim 1, comprising a sample mounted in contact with

said membrane.

30 9. The chamber according to claim 1, wherein said membrane is supported by a

supporting grid placed between the membrane and a vacuum.

10. The chamber according to claim 1, placeable in a vacuum whilst enclosing a

sample within a fluid.
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resistant bamer placed 1n assoclatlon w1th the object, sald vacuum resistant barrier being

placed such as to isolate the object from the vacuum.

14, The apparatus according to claim 13, wherein the object comprises one of a group
comprising a fluorescent and an electro-luminescent marker, whereby a beam of electrons

are able to excite photo-emission.

15. The apparatus according to claim 13, further comprising an optical sensing unit.
16. The apparatus according to claim 13, wherein said chamber comprises part of a
light guide.

17. The apparatus according to claim 15, wherein said optical sensing unit comprises

a photo-multiplier tube.

18. The apparatus according to claim 15, wherein said optical sensing unit is adapted
to sense individual photons, and wherein said apparatus is thereby adapted to sense light

emissions resulting from the stimulation of single molecules.

19. The apparatus according to claim 13, wherein the barrier is coated with at least

one layer of a material having a high secondary electron yield.

20. The apparatus according to claim 13 wherein the barrier is adapted to withstand a

pressure gradient of up to one atmosphere.
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32. The apparatus according to claim 13, wherein said barrier is coated with a layer of -

a material having a high secondary electron yield.

33. The apparatus according to claim 32, wherein said material having a high

secondary electron yield is lithium fluoride.

34. The apparatus according to claim 13, wherein scavenger molecules are located in

association with said object.

35. The apparatus according to claim 13, wherein the object is placed in contact with

said vacuum-resistant barrier.

36. A method of observing wet objects at nanometer range resolution comprising the
steps of isolating a wet object in a chamber by separating said chamber from a vacuum
chamber using a barrier, providing an electron beam to strike said sample from said
vacuum chamber through said barrier, and observing at least one of secondary and

backscattered electrons emerging from said chamber.

37. The method according to claim 36, wherein said 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 2keV.

38. The method according to claim 36, wherein the wet object comprises a

pharmaceutical composition.

39, A method according to claim 38, wherein the wet object further comprises a living

cell with which the pharmaceutical composition is interacting.
40. A method according to claim 38, wherein 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.
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