; ki e3e] Zl v| 6T<O CONVERTI NG SCANNI NG ELECTRON M CROSCOPES FI ELD OF THE
| NVENTI ON The present invention relates generally to el ectron m croscopes,

and nore particularly to convertj ' el ectron m croscopes to

scanni ng transmi ssion el ectron E‘Mmm‘mmm ACKGROUND OF THE | NVENTI ON A
scanni ng el ectron m croscope (S I 8. g common type of hCr oscope.
In an SEM an energetic primary beam'f??s electrons is f,mmwmmumwlum and
scanned in a raster-like pattern over a specinen. The pringj ,.0eam causes
electrons to be emitted fromthe s i men_and induces current in the

Speci men. By dot deONVERTING SGANNINGEEGRRON MIGROSAGRES cur rent . a hi gh

magni fication (typically higher than 100, 000) inage of the specinen can be
produced on, for exanple, a CRT screen. A conventional SEMis constructed
to detect em FIEMDOQRIHEDOINVENMONOt transm ssion el ectrons. Emtted

el ectrons include backscattered el ectrons, secondary el ectrons) auger

el ectrons, and induced current. Qther types of electron m croscopes detect

transm ssi on Fhegresas,invdritpn relutes geagellly th etediont micresuopeseand htore
exanpl e, a scanning transm ssion el ectron mcroscope (STEM, scans a
primary BREURSlY t9EARVETING scanhing %HEFOQ@'PWS&OE%E%%Q SEM Unlike in

an SEM KeM&dsiorfBle gpﬂrﬁﬁ[’fsﬁ)ﬁegh? transmtted el ectrons that pass
uce

t hrough the specinen to pro an i mage of the specinen. A STEM usually
operates with higher primry beam energies and is used for thinner
specinmens, in conparison to a SEM The primary beamenergy is typically in
t he range of BAGKGROWNDIQF THEINVENIIONo 120 keV for STEM Because
transmtted electrons react less with the specinen than non ,, transmtted
el ectrons, a nuch higher inmage resolution can be obtained by det ecti ng
transmitted elesganning electrorxeinggiseppaiSEM is apcommmpyytypd oBelektsdh t he i mage

S U BcioRhfe. T o SEMER R Rl B et bPbchBhs M ycbEIBAE 8™ Ne
and scanned in a raster-like pattern over a specimen. The primary beam causes
electrons to be emitted from the specimen and induces current in the specimen.

By detecting the emitted electrons or the induced current, a high magnification
(typically higher than 100, 000) image of the specimen can be produced on, for
example, a CRT screen. A conventional SEM is constructed to detect emitted
electrons, and not transmission electrons. Emitted electrons include
backscattered electrons, secondary electrons, auger electrons, and induced
current.

Other types of electron microscopes detect transmission electrons, those
that travel through the specimen. For example, a scanning transmission electron
microscope (STEM), scans a primary electron beam over a specimen, as in a
conventional SEM. Unlike in an SEM, however, an STEM detects the
transmitted electrons that pass through the specimen to produce an image of the
specimen. A STEM usually operates with higher primary beam energies and is
used for thinner specimens, in comparison to a SEM. The primary beam energy
is typically in the range of 1 to 30 keV for SEM and 80 to 120 keV for STEM.

Because transmitted electrons react less with the specimen than non-

transmitted electrons, a much higher image resolution can be obtained by



Further, a STEM can be used with an el ectron energy | oss spectroneter
~placed bel ow the speci men. For exanple, an EELS can be a magnetic prism
spectroneter having two parallel magnetic sector plates for creating a
transverse magnetic field in the path of transmtted electrons. Transmtted
el ectrons having different energies will bend to different angles under the
sanme magnetic field. Therefore, a STEMwth an el ectron energy | oss
spectroneter can selectively detect either those transmtted el ectrons that

have not detesting tranginitted eh@ngpecﬁwqrmlgdatﬁhﬁdos@n@m eBhkeyYhthei el d

cpoci nen iR ERINSLER B IS iR e FR 16 o th ShCimtisall ik, % o

el ect r onresofitiin (irais forsPSTEM BB B ddlow £HD2eG3irng. ability to provide
guantitative material analysis. Cenerally, it is nore expensive to build

and operate a_STEMthan_a SEM It is sonetines desirable to convert a SEM
into an STEM Ffthem@gh hgM ¢ambe sised vwyth an gledtreaenaiay loss shectramatsr A known

h ' ; i il | : i al |
co5! gneaPBced BN A Sodiiel, FEr, Bxarbld, o E£LS AR bk BriSfde BIE i Y. o1
need t o bpectrareten hawingdivolbparghelfmadnketinseclar plbted for creaiieg.a fransverse t he
i | uti, i t hi is limt by t b ti f th
o SERetE Bl et oSS et HabimiD JRSOR biert o
convent| Bm%'reﬁ'%\’letr%egvﬁﬂ'ﬁ%a W&Hiff&ésrbthé c\e{é gH;GSr hesré rié/fiald.can obtain

energy | oss spectr i nformati on. THE | NVENTI Exenpl ary of the
present Therefoiepa STEMwitl anialegiranvenergyfloss speolrannéteycan SElctively STEM  The

device i d ed to be mounte n.a cagnventional SEM 2 . The device has a
casi ng niefRCLBlEer o5 Tamsiiet pBRrAns R Tiys o iost ersiein e Lo be
scanned ByedmRpapradudiid 58UcKIEd BfghfieRl Prddds) dr tiseotPaeRAve Pskens of the
SEM The casing defines a pathway for allow ng transm ssion el ectrons that

have passeerdies dug to imerastiens with the specimancdreducing sageded daridield nay be

The specl TRt ASTRAHhnct Wi R oR BroRR b pRe e i L0 T o

gener at i sghandesditsalgilityetorprgvidtiquahtitdtide troateeibl agdlysise transm ssi on
el ectrons within the casing. The transmtted el ectrons may be defl ected

diff tly in d d their, [ t hat I
Spectrum can BETSERIN, 46 MOFAEXBERENad: UL sparasieraie Lot GM B1an ASEMA oy be
used 10 464 86inchffAIEYIMAbE REETRS & SEN GHlo TICSTEM BF ﬂﬁé%iﬁé%ﬁﬁgo'@c}tst he

transmtted electrons. Alternatively, an electron detector nay nount ed
wi t hi n t fegcless tigan 60 naethick)i ryknden appneadht ofecbraeding a SEM to asEtoMdance

Conver 11 RS oppIbHE airER Aty dedRd ABsebt Befie g S (B8 SpReM R ne i si on
el ect r onHowaves waparatélustéstorreéd i béesed t6 dstary bAghtiiethhrd aarkfiekl SEM  and

capabl e of supporting a specinen to be scanned by a beam of primry

el ectr onﬂnﬁgﬁ’?ﬁ-iFwﬁmelﬁghébiT@@Pir%O'PB% using: this appvpaghis idechEY da®i nes a

pat hway ; ) t Fam_slxﬂ] i ectrons that have passed through the
speci nenE?%rrgié&?’é\?%teeg. éégle\}\%ir‘ggg'further i ncl udes a nmagnet nountabl e on
the casing for generating a transverse magnetic field to deflect the
transm ssi on @hastthersisma naed forhe sivase may torcanvedraleormventiona! 3 toea aspect
of the p nt, i.nvent.ion, there i royj ded a, device for converting a
scannt ngSOEBA thahe oS Soage resavfot ahdot Ean Bk e erdhiosS SRRSERbct  on

m Cr oSCOpfeornmiatordevi ce includes a casing nountable on the SEM and capabl e
of supporting a specinen therein to be scanned by a beam of primary

el ectrons exiting the objective lens of the SEM The casing defines a

pat hway for allow ng transm ssion el ectrons that have passed through the
specinen to p§§§v' \G@rf TRE '&\B@NEIQM be detected. The device further

i ncludes a magnetic lens within the casing for focusing the beam of 3

primary el ectrons onto the speci nen. Ot her aspects, features and advant ages
of the i nvent E¥aMRIANY af ke RECSERD vERtionoa dryice 9 Pravidethiancosnertingiah the art

upon eV 6] SR OrEURIESEERRI] O RaTRRS) bh EIRARIBRAIGER] {he

i nvention 1n conjunction anyin



BRI EF DESCRI PTI ON OF THE DRAWNGS I n the figures, which illustrate

exenpl ary enbodi nents of the invention, FIG 1 is a schematic diagram
“illustrating a partial |ayout of an exenplary scanning el ectron m croscope
(SEM operated in transm ssion node; FIG 2A is sectional view of an
exenplary SEM attachnment device, exenplary of an enbodi nent of the

i nvention; FIG 2B is a sectional view of the device of FIG 2A in a plane
normal to the plane of the sectional viewof FIG 2A; FIG 2Cis a

sect i onallheidewice| hassa casinggneuntablegmaiSiEMeEnd previdingsuprart fasfa FI GS.  2A- 2B;

of anot nRSTRRP B oot RS« BOaf AR cteLibdts Gk Rle fEEela, o7 o

exenpl ar enSkdfitieg Sﬁmﬁﬁﬁé casing cefinex anaitewsy €dr dllovling transistiorent of the
i nvention; and FIG is a sectional view of an exenpl ary SEM attachnent

devi ce, @ FrﬁnamatchaVQrRﬁas@ﬁ trepiehithe speeimamie bedetectash. Ampagnaticp
DESCRI PTi(W rﬁay be mounted within the casing for focusing the beam of primary

electrons onto the specimen. The device may have a magnet mountable on the
casing for generating a transverse magnetic field to deflect the transmission
electrons within the casing. The transmitted electrons may be deflected
differently in dependence on their energies so that electron energy loss spectrum
can be obtained. The secondary electron detector of the SEM may be used to
detect secondary electrons emitted from a target excited by the transmitted
electrons. Alternatively, an electron detector may be mounted within the casing
for detecting the transmitted electrons.

In accordance with an aspect of the present invention, there is provided a
device for converting a scanning electron microscope (SEM) to a scanning
transmission electron microscope. The device includes a casing mountable on
the SEM, and capable of supporting a specimen to be scanned by a beam of
primary electrons exiting the objective lens of the SEM. The casing defines a
pathway for allowing transmission electrons that have passed through the
specimen to be detected. The device further includes a magnet mountable on
the casing for generating a transverse magnetic field to deflect the transmission

electrons within the casing.

In accordance with another aspect of the present invention, there is
provided a device for converting a scanning electron microscope (SEM) to a
scanning transmission electron microscope. The device includes a casing
mountable on the SEM, and capable of supporting a specimen therein to be
scanned by a beam of primary electrons exiting the objective lens of the SEM.
The casing defines a pathway for allowing transmission electrons that have
passed through the specimen to pass through the casing to be detected. The

device further includes a magnetic lens within the casing for focusing the beam of



FIG 1 illustrates a conventional SEM 10 and a device 30 for converting SEM
10 to a STEM As is typical, SEM 10 has a specinen stage 14 for placing a

" specinmen 16; a primary el ectron beam source (not shown) for generating a
primary el ectron beam 18; optics (not all shown except objective |ens 20)
for accelerating and focusing beam 18; and a secondary detector 28 for
detecting emtted electrons. Exenplary device 30 is adapted to be nounted
on specinen stage 14 of SEM 10. Specinen 16 can be placed on top of (as
shown) oPrimasy etectrans onkthe SRROIMEB- 12. Devi ce 12 defines a pat hway
allowing transmtted el ectrons 22 that have travelled through speci nen 16

to travel thr : : ector, such
as secondary ggﬁ%ﬁt@%@% géd Q?éﬁ"‘%géﬁs%zg{? gﬁggﬁ%ﬁ:g}' I[ ?g%%ﬁlétted

el ect r onapparenbtb theselof drgindet skill imthesart apdargvielvasfithe fislloingm tted from a
target 24 excited by transmtted electrons 22. A ring el ectrode (not shown)
mybe. pARETIPtaNRTpesHEETRRAITET g % IRt i B rihonaul Bes0 v 1 or
attracti : trons emtted from specinmen 16 and preventing them
from reagﬁ?ﬁgﬁgﬁﬁﬁggb&gl ectron detector 28. O course, transmtted

el ectrons 22 may al so be detected directly if an electron detector is

pl aced in the path of transmtted el ectrons 22. Device 30 generates a
transver se maGMEFPESGRIPTIONKF THENDBAWINGSHi t t ed el ectrons 22 that have
passed t hrough object 16 to alter their direction of travel. As can be
appreci ated, since the bending angles of transmtted electrons 22 in a
magnetic fielth MMes,rwhinbiil?ustnah@ekemm@indmdimtentsofpibesimmréiom
selectively detect these electrons thus obtaining information on the

the.dar ki 1 el dFigib SAGCTREAHF Cfrp sl baH achy oF ah St S0 22"
emer gi ng séaming @ldctonifiorescdpe (SEM) egeriated iogandralésion raoéegi es forni ng
only a fraction of the transmtted el ectron energy spectrum Detected

ener gy ranges n.be selected b hangi ng. th trength of the magnetic
frel Y ange FiBn2R s serinat el of i ASprBtary SEMEHAcEMEBE doukel n m G, 24
to 2C. 54 YArG 9f 3R dMSodniohe BEIHEInvasti 32, constructed for exanple of
iron or oﬁn@? srgi ta@l e magnetic nateriélgﬁmCasi ng 32 includes a transni ssion
chanber 34 having an opening 40 on the top of casing 32, beneath a nount or
support for aFiGe2Briea seetional viewof the deviga ofiFlGedAecinea planesnamal tom

speci nen, 16 _may th travel thr \nber 34 to target 24. A pair of
magnet s fl?'? plﬁgép&tﬁ?g@%gﬁ%g@g@. 'pl ates 36 i s nounted inside

transm ssion chanber 34 to casing 32 by solenoid bores 39. The two plates
are parall el &6, 28de acetionaloliéwiillusiating the spetationpdfahe endtiodimenbef

ener gi ze%!)gé éRI 38 around sol enoid bore 39, also nounted inside chanber
34, top c metic fields between the gap of sector plates 36
transverse to the travel direction of transnmtted electrons 22. A

control l ed poygs, 3WRsEclioWal VidW R hnRXGHPISS SERT Afdchimdté@licedi | s 38 to
produce a desired magnetic field. Casing 32 further includes an exit

openi ng &xemplary of ahgther emhodiment atthedneentios transmitted el ectrons 22 to
exit transm ssion chanber 34. Exit opening 42 may be sufficiently narrow so

that only tra 1 it I : I I i I i .particul ar
range can pasyghlr"téfgﬁ%f:ﬁ&g%l%?ﬁéh%mﬁgge%%@g%hﬁeqty%ﬁﬁa’I y

sub- m | | eReiptary of ahatherfepibeiimept ef theninvéetioraagd of 20 to 500 microns.
Exit opening 42 may have various suitabl e shapes other than a circular

shape as sho it openping 42 al so he o) riven ,slit or simlar
covgr with a\é\ﬁgt%ﬁ@%PE@%H&W(%%N%%H%W%W MAEVISE be varied in

si ze to RbRMPlary Gt RMBIHr I BHehPBEtHRVektith.be detected. Preferably, the
slit can be adj usted externally. A non-magnetic speci nen hol der 44 nmay be

nounted on top of entry opening 40. Hol der 44 has a bore 46 extending
through it to allowtransmtted electrons 22 to pass through. Casing 32 may
have a bottom adapted to be received by the specinen stage of SEM 10. As

depicted in FIS m of casing 32 is flat and casing 32 can
be sinply pl aﬁ%@%@%@?@ e of the SEM O her shapes and
constructions can al so be used, for exanple, to securely nount casing 32 on

speci nen stage 14. 6 In operation, a sufficiently thin specinen 16 is

pl aced on and hel d by specinmen holder 44. Casing 32 is then placed on
speci men stage 14 of SEM 10. Primary efectron beam 18 is generated by SEM
10 and scanned over specinmen 16. Objective |lens 20 and casing 32 can be

al i gned using known techniques so that transmtted el ectrons 22 from
speci nen 16 can travel through bore 46 of specinen holder 44 and entry
opening 40 of casing 32 and enter chanber 34. For exanple, alignnment of

- ~ o~ o o o - e




As: can be appreciated, many nodifications can be nmade to device 30
illustrated in FIGS. 2A to 2C. For exanple, transmtted electrons 22 may be
" bend to an angle nore or |ess than 90 degrees and correspondingly exit
opening 42 can be higher or lower than depicted in FIGS. 2A to 2C. |Instead
of placing specinmen 16 on top of casing 32, specinen 16 nay be retained

i nsi de chanber 34 of casing 32 above sector plates 36. A device 30
including an internal nmount for specimen 16 is illustrated in FIG 3.

Further, an ekl Hlugtratas & sonventipnal SEM d8ang aHgvieeidd freranyestingocusi ng

Por "oxarSEa DA 2 TEM, g Lbiceh Py fil bbdeERhH SiadP R raridkig uC0: o
i ncl udesspeciarinmp; primary electron belaabeuree (Aof sliowen Yfor gbaskating=? and a

transm ssion chanber 54. Transm ssion chanber 54 may he constructed

si ni | ar | prigary elecdiendinasm 18nhapties (nol all shawpi @xcepbobiects I8 2M)0r pevi ce 30"
further | { §4 4y | agggz% Ior'285h ;
det achab?ggécllafr}’gﬁpgémpﬁdgggﬁb tizan ﬂg’ g?ﬁ%ge ?‘H?@ %&?S%Jropenfﬁgfegpn?ocusi ng
chanber Baittéd slecidnss nmagnetic and may be made of the sanme material as
casing 50. Exenplary plug 56 is generally cone-shaped with a tapered

1y cirgul t]i d ab t endi ng bet ween its,t |
anac & hor Csniselny davika 38 s Suated e hranouigd R A mapaiadt 1808 our ! ne
may be sEEnra0. Jpdesmeh gfsa@arabé' Raced, orMpcdt (B REbWANSr Afside QUtehBWAFEe of a

magnetic lens, as will become clear fromthe description below A
non- magnéevice d2e avige hdHebinesa pathwiay allowingittansmitied @legtisinged2 $ati ncl udes

aui ¢ abl o"ae Refpldl tbuch PeafiEl TED AR AR B ESABIE, 5" b ug
56. Hol dgetekforrean sleztrohaiciédtor hds sadondahpeleatron defdttor 8 aedn g hol der
60 to plug 56, however, nakes it eaSééto insert or replace specinmen on

hol der 60S¢ht@detest tapgmitiachelectrens 22 iadireatly bysdelanting:setadady i nt o f ocusi ng

hanmb j Lt ; j ; 56
wih hol SEoBhs AR rdth Flaetad biditcihy BafGiddeEbbiths 22BN 7 ey
mag get 64électode (not)smmag) magy ibeeplacgd ar'camniaspéﬂnehinﬁg \Agricztdgnay be biased |
Ne i I - FeB t ts. . ts 62
54 pi ovi 2R RRAFr s B AoBRaR eI gne P e P, SeACTnel T A0y
el ect 10N pRERKG théfh fFA1R rehNRGSBEEAIATRASHTEIHetoLft? ZBBITufsd,of ces of the

two magnets 62 and ppose one anothér in the vertical direction. An

al um nunirgnsmittebeleatrons 22 may aisede detegtas directlydhan eleationpleteetor s fi el d

gui di ng spacer. b rovided. fqr p4ing the magnetic flux. Field

gui di ng g%gg@rmgge 55%' B@rinsdﬁ'ﬁtgﬁaql?@rq'%‘#shaped iron plate sandw ched

bet ween upper nmagnet 62 and | ower magnet 64. The iron plate may have a

t aper eg cent elDa&Wet.‘B@geﬁéra‘t@s a(tmef I Btsreahaggemdnﬂelﬂgnm@pam tmnhittedeendt he
tapered portion 70 and tip 58 u 6. can appreci ated, tapere
portion PlECHIons 32 that hBY%Bﬁ§S%pOHHBBQrng@Qt§§t? %GMT%C%'P&?E%&WEE magnet

fl ux genar i it ai I ; in A on
%sgcfa‘?fjbé apﬁfegﬁlatiba, snﬁ%ﬁ@ﬁeﬁ&n%ﬁ&‘gﬁléé&é@%ﬂ&@& eféttidts 20in 4

pl ate 68, ug 56 an he gap between 5 i el d guiding spacer 68.

The shapeasagneticdielbdepend onftheir kingic aneérgiep.at iscpqasitile tm selectivgly detedtsi gned

accordi ng to known i rsi.on.magnetic. |l ens, desi gn principnles, For exanpl e,

the gap (ﬁﬁe. ﬁCttr?'ﬂ)s &@%aﬂ%a%ﬁgﬂ"ﬁgm %t%ﬁﬂ@nﬁgdsﬁiﬁ&mn 8UY9Yas a few

m |1 et gscthi@h Paiteilariyl &t i8 4P sivitcls Betwee B @rkfiell HEddahyare the gap are

substanti al I%_ arallel to the beamaxis of pri rrarg_ el ectron beam 18. Device
9

30" can bdgb meshee 8s iansmilited elgctons 122 e/nerging Bem device ghmayiRer i cal

si mul ati ons, pr.edi t i.c | i 30" ave a focal

| engt h oﬁ"]'tggs;tgghg%e &Qﬁhg\ﬁb\%@gg?%@g 6’2@?@ g{?&ﬂ‘g@ Oﬁﬁ]e&@a'?(e : egonveni ently,
as devi celedfifon énargypettrim. SDetectad ernsrgy bangestary bé iseldotédbgichapgingmen
stage 14 and objective |l ens 20 of SEM 10. Advantageously, device 30" can be
used to thgpterathif thenmraneatisdieldi on of a conventional SEM by about an
order of magnitude, making it simlar in resolution perfornmance to

dedi cat ed STEMsydRpRry A8viEBBONS iRRERS f &8ss BREIdN RAFIGSIS2A o gevi ce 307
are possible. For 9 exanpl e) focusing chanber 52 and transm ssion chanber
54 may be housed by two separate casings stacked together or even displaced
by a di stance.

5



FIG 5 illustrates another exenplary enbodi nent of the invention, device
30"" for converting a SEMto a STEM Device 30" is simlar to device 30"
“but an internal electron detector 72 is nounted inside transm ssion chanber
54. Detector 72 is placed bel ow specinmen 16 and can be used for form ng the
| mage of specinmen 16. Detector 72 may be annul ar in shape and supported by
detector holder 74. If it has an annul ar shape, electron detector 72 can be
positioned to only detect off-axis transmtted electrons 22, and can thus
be used Revita 30 hasigemagnelic easing 3y eonsiauaied for example odirod aeothered to

the bri oReR P PAREE el Cro N R reugs & fai B B et o 56 of
FI G 2A- Mavimyarebpettingoeore thgy topnsfaiasing 32 rbdrivatth bansumtssr suppeltedot sons to
be obtai ned. However, with device 30"', high resolution transmtted imge

can be oSPECIRRN 46 oEintereshi 1 FANsMIkted ielgrtronsr22 emrepacimen d8imay thi ect or 28

of SEM 1 | n ent invention
not expr gl?g %mn%% fgﬁ%@ﬁgggeg@;ﬁgﬁéﬁ%@u%\ﬁ g?ﬂ%%gﬁ rato@S%BtthlggorQ{egf:ri ption and
t he accompagneticsettenplaigs 38/istrhosrtedlinsitie dransniisstomchampbiet B4uglzasingy a few

exenpl ary enbodi rents of _thi.g inhvention have peen descri bed above, those
skill ed %éﬁtﬂh qﬁF‘?'ngqusﬁ adingtwo plates %f@e%‘ﬁﬁ?' %‘;C idthefns are

possi bl @ ERAY GBI JBCAT hahuidiARPbY bl 55 AR IMPsOBKBIG bacdy,nos and

advant ages of this invention. rather, 1s inten
enconpassilsd mosintad imsidief ¢heamlbenB4yito produdesmagoetic fields detweenl the/gapef cl ai ns.

10 Wat_i | ai is: 1. i ti p ' t

i or oscoeRBAter a0 s disyRinely et dedintinrantaciodiig 2 K "
conpri si r@ntrallédRpower BUYHIY TRdEsHIWD I revidedlcupredt troagh eoild 38t priduced a
speci men to be scanned a_beam of primary electrons exitin he objective

b
| ens of @eﬁi@si@éwpagaetépﬁédiﬁgsmf%iuﬁ@eai drgegn £uit ORENIHEi 4%00 ftansmi ssi on

rount abl Sdsh B EPEnRRAZ o iRty CIethBhe Bllo dafafIABELRL F To !
defl ect shathber34s Eixit Dpening 42 iy ise Biffibient!p diatro0aso that odly fFaesrdittedce of

claim1, conprising an el ectron detector for detecting said transm ssion
el ect r ongledilonghaving kipstig energiesima garticulagiapge ﬁaﬁzﬂaésé%iuﬁb it at & apabl e of

suppor t eg} .iE;('tScEf?é?'ii : ' A fithER85n SRBPErS | ens
W t hin sall casll g @gﬂgg%gﬁnﬁlyssgpgngﬁmﬂggn %ri h@rr?xgﬁg?’mggggént said
speci men .of 20 to5®0dwicrars. dxitodpaning 42 ay hdye whrkows suitalilel sbagésigtheas an exit
opening ftl'(ljarm a circular shape as shown. Exit opening 42 may also be a motor driven slit

or similar cover with adjustable size and location allowing opening 42 to be

varied in size to select transmitted electrons that can be detected. Preferably, the

slit can be adjusted externally.

A non-magnetic specimen holder 44 may be mounted on top of entry
opening 40. Holder 44 has a bore 46 extending through it to allow transmitted

electrons 22 to pass through.

Casing 32 may have a bottom adapted to be received by the specimen
stage of SEM 10. As depicted in FIGS. 2A-2C, the bottom of casing 32 is flat and
casing 32 can be simply placed on specimen stage of the SEM. Other shapes
and constructions can also be used, for example, to securely mount casing 32 on
specimen stage 14.



aliowing said transm ssion electrons to exit said casing so that said
transmtted el ectrons can be detected by a detector external to said
“casing. 5. The device of claim4, wherein said exit opening is positioned
to allow said transm ssion el ectrons to be detected by a secondary el ectron
detector of said SEM 6. The device of claim4, wherein said exit opening
Is positioned to direct said transmtted el ectrons towards a target in
sufficient proximty to a secondary electron detector of said SEM to all ow
sai d secondar in eperationa duffisiently thio speciroen 46iisl placedn ard beldddyect rons

i ndi tly by detecti |l ect ited.Db ' | SSi
el cct  onsPastiepmaeLf GaSea o ahefTace o sSedsn rigde 44,61 SEH " "
wher ei n pPrifarg sldctroPiddiE 185s ehbidte@ by SENMAIT aNd s8akidd/ovdr sPéicirh@nsm ssi on
el ectrons of a particular range of kinetic energies to exit said casing. 8.
The devi 86. Gbjestiye ians 20 abd gasing132 eary bewligned wsing knawyteshnigueseiad i s

var | abl oy ahahyha ieBtbhl 24' M sBRGMAT 18 Bah 3R, ifoudf Bofledb 6F of any
one of clalns 0 3, erein sal d magnet conprises a | r~of "parall el
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magnet i Cogfiel dift thiolG§hHoria? s5&tithePEa8E movement, where a secondary
electron image of device 30 can be used to center device 30. During this initial
step, the bias ring electrode around specimen 16 should not be biased with a
positive voltage, thereby allowing secondary electrons emitted from specimen 16
to reach secondary electron detector 28.

Appropriate magnetic fields are generated between sector plates 36 as a
result of energizing coils 38, so that transmitted electrons 22 change their
direction of travel between sector plates 36 and are directed towards exit opening
42 to exit casing 32. For example, a field strength of 0.1 tesla between plates 36
may be required to bend a 30 keV beam around a radius of 5.8 mm.

When exit opening 42 is narrow, so as to only allow electrons having
kinetic energies in a particular range to pass through at any given magnetic field,
the field strength between sector plates 36 can be varied to sweep transmitted
electrons 22 across exit opening 42. Hence, conveniently, electron energy loss

spectral information can be obtained.

Transmission electrons exiting opening 42 are directed to a region of SEM
10 that allows the secondary detector of SEM 10 (e.g. detector 28 of FIG. 1) to
detect secondary emissions resulting from the transmission electrons.
Conveniently, no new detectors need to be included in device 30 as transmitted
electrons 22 can be detected indirectly using an existing secondary electron
detector of SEM 10. Advantageously, device 30 can be made compact and at

low cost. It is also easy to install and operate.



11. The device of any one of clains 1 tol0, wherein said casing is nade of
a magnetic material. 12. The device of claim 11, wherein said nmagnetic
"material conprises iron. 13. A device for converting a scanning el ectron
m-croscope (SEM to a scanning transm ssion el ectron m croscope,
conprising: a casing nountable on said SEM and capabl e of supporting a
speci nen therein to be scanned by a beam of primary el ectrons exiting the
objective lens of said SEM said casing defining a pathway for allow ng
transm ssi on Ascankmapprestated.eany iqations gandg madedeidevicet I pass
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include a magnetic lens for focusing primary electron beam 18 on to specimen 16
to improve image resolution, as for example illustrated in FIG. 4.

As illustrated in FIG. 4, device 30” includes a casing 50, having two
chambers: a focusing chamber 52 and a transmission chamber 54. Transmission
chamber 54 may be constructed similarly as transmission chamber 34 of device
30 (FIGS. 2A-2B).

Device 30” further includes additional focusing chamber 52. As illustrated,
a detachable circular plug 56 can be plugged into a top opening of focusing
chamber 52. Plug 56 is magnetic and may be made of the same material as
casing 50. Exemplary plug 56 is generally cone-shaped with a tapered generally
circular outline and a bore extending between its top and lower end. Other
shapes may be used. For example, instead of tapered, the outline may be
stepped. Plug 56 has a tip 58, which functions as a pole piece of a magnetic

lens, as will become clear from the description below.

A non-magnetic specimen holder 60 is attached to plug 56. Holder 60
includes a holding plate for holding specimen and can have various shapes. Any
suitable attachment mechanism may be used for attaching holder 60 to plug 56.
Holder 60 may also be attached directly to casing 50. Attaching holder 60 to plug
56, however, makes it easy to insert or replace specimen on holder 60 into
focusing chamber 52. Specimen 16 can be placed into focusing chamber 52 (or
replaced) by simply lifting up and lowering down plug 56 with holder 60 attached.

Two ring-shaped magnets, upper magnet 62 and lower magnet 64, are



spacer sandw ched between said upper and |l ower ring shaped magnets. 18. The
device of any one of clains 13 to 17, wherein one of said casing and said

" plug has a tapered section around said opening forming a pole piece of said
magnetic lens, and said field guiding spacer has a tapered section form ng
a pole piece of said magnetic |ens opposite said tapered section of said
one of said casing and said plug. 19. The device of any one of claims 13 to
18, further conprising an electron detector for detecting said transmtted
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example, focusing chamber 52 and transmission chamber 54 may be housed by
two separate casings stacked together or even displaced by a distance.

FIG. 5 illustrates another exemplary embodiment of the invention, device
30’ for converting a SEM to a STEM. Device 30’ is similar to device 30" but an
internal electron detector 72 is mounted inside transmission chamber 54.
Detector 72 is placed below specimen 16 and can be used for forming the image
of specimen 16. Detector 72 may be annular in shape and supported by detector
holder 74. If it has an annular shape, electron detector 72 can be positioned to
only detect off-axis transmitted electrons 22, and can thus be used to obtain the
darkfield image. Detector 72 may also be moved to directly detect on-axis
electrons which have zero energy loss, to obtain the brightfield image. Optional
magnets, similar to bending magnets 36 of FIG. 2A-2C may allow an energy
spectrum for the transmission electrons to be obtained. However, with device
30°”°, high resolution transmitted image can be obtained directly without reliance
on secondary electron detector 28 of SEM 10.

Other features, benefits and advantages of the present invention not
expressly mentioned above can be understood from this description and the

accompanying drawings by those skilled in the art.

Although only a few exemplary embodiments of this invention have been
described above, those skilled in the art will readily appreciate that many
modifications are possible therein without materially departing from the novel

teachings and advantages of this invention.

The invention, rather, is intended to encompass all such modification

within its scope, as defined by the claims.
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1. A device for converting a scanning electron microscope (SEM) to a scanning
transmission electron microscope, comprising:

a casing mountable on said SEM, and capable of supporting a specimen to
be scanned by a beam of primary electrons exiting the objective lens of said
SEM, said casing defining a pathway for allowing transmission electrons that
have passed through said specimen to be detected;

a magnet mountable on said casing for generating a transverse magnetic field
to deflect said transmission electrons within said casing.

2. The device of claim 1, comprising an electron detector for detecting said
transmission electrons.

3. The device of claim 1 or 2, wherein said casing is capable of supported said
specimen therein, and further comprising a magnetic lens within said casing
for focusing said beam of primary electrons onto said specimen.

4. The device of claim 1, 2 or 3, wherein said casing has an exit opening for
allowing said transmission electrons to exit said casing so that said
transmitted electrons can be detected by a detector external to said casing.

5. The device of claim 4, wherein said exit opening is positioned to allow said
transmission electrons to be detected by a secondary electron detector of
said SEM.

6. The device of claim 4, wherein said exit opening is positioned to direct said
transmitted electrons towards a target in sufficient proximity to a secondary
electron detector of said SEM, to allow said secondary electron detector to
detect said transmission electrons indirectly by detecting a secondary

electrons excited by said transmission electrons and emitted from said target.
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said casing.

8. The device of any one of claims 1 to 7, wherein said magnetic field is variable
so that said particular range is variable.

9. The device of any one of claims 1 to 8, wherein said magnet comprises a pair
of parallel magnetic plates facing each other from a distance such that said
transmitted electron travels through the gap between said sector plates.

10. The device of any one of claims 1 to 9, further comprising at least one
magnetic coil for energizing said magnet.

11. The device of any one of claims 1 t0o10, wherein said casing is made of a
magnetic material.

12. The device of claim 11, wherein said magnetic material comprises iron.

13. A device for converting a scanning electron microscope (SEM) to a scanning
transmission electron microscope, comprising:

a casing mountable on said SEM, and capable of supporting a specimen
therein to be scanned by a beam of primary electrons exiting the objective
lens of said SEM, said casing defining a pathway for allowing transmission
electrons that have passed through said specimen to pass through said

casing and be detected;

a magnetic lens within said casing for focusing said beam of primary

electrons onto said specimen.

14. The device of claim 13, wherein said casing comprises an opening for
receiving said beam, and further comprising a plug receivable in said opening

opening, said plug comprising a holding plate for supporting said specimen.
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comprises upper and lower ring shaped magnets.

17.The device of claim 16, wherein said magnetic lens comprises a field guiding
spacer sandwiched between said upper and lower ring shaped magnets.

18.The device of any one of claims 13 to 17, wherein one of said casing and said
plug has a tapered section around said opening forming a pole piece of said
magnetic lens, and said field guiding spacer has a tapered section forming a
pole piece of said magnetic lens opposite said tapered section of said one of
said casing and said plug.

19. The device of any one of claims 13 to 18, further comprising an electron
detector for detecting said transmitted electron.

20.The device of claim 19, wherein said electron detector is annular in shape.

13



