29 Decenber 2006 CONVERTI NG SCANNI NG ELECTRON M CROSCOPES Fl ELD OF THE
"I NVENTI ON The ‘present invention relates generally to el el Peeembarr2086opes,
“and nore particularly to converting scanning el ectron microscopes to
scanning transm ssion electron m croscopes. BACKGROUND OF THE | NVENTI ON
scanni ng el ectron mcroscope (SEM is a common type of electron "
m croscope. In an SEM an energetic prinmary beamof electrons is focused on
to and scanned in a raster-like pattern over a specinmen. The prinmary beam
causes electron ) t ' ' s current in
t he speci nen. B?‘ggyg?ﬁmf?ﬁ%@'ﬁm e%‘e%%?mcgﬁ(‘ﬁgs duced current, a
hi gh magni fication (typically higher than 100, 000) inage of the specinen

can be produc %]_ (!:f W a CRT screen. A conventional SEMis
construct ed -tg g?g)tﬂeiﬁil 'Z?'gctrons, and not transm ssion el ectrons.
Emtted el ectrons include backscattered el ectrons, secondary el ectrons,
O her types of electron
n

. auger el e_ctro,gﬁ and inducgd I gqurrent. ,
m croscopes dePRIESSN MGNEQD selatss.genesaly ta elestson migioseppesiandingtgyh t he
speci memparkiatiafly BbAiverfing S38AHING diEHRTAGLHRISI6 S BRniYl Croscope (STEM.
scans a primary el ectron beam ovér a specinen, '‘as In a conventional SEM
Unl i ke ilhargimisgion eleslearemicranc®EM det ects the transnitted el ectrons that
pass through the specinen to produce an i mage of the specinmen. A STEM
usual |y operates with higher prinmary beam energies and is used for thinner
speci nens, i R@g{ rimary beamenergy is typically in
tEe range of rhngteo OE@{P pgrﬁgémlr%\lh@ o0 120 keV for STEM Because
fnansnitted el ectrons react less with the specinen than non- transnitted

®efectrons, a AVEthihg Qféct:joﬁarﬂférc;s%%%lﬁgmn) i %ncobn%m%l?'ntt%g% efhtron

‘microscope.- In an SEM, an energetic primary beam of electrons is focused on to

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 incIudé |

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
V'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 |




. 29 Decenber 2006 detecting transmtted electrons. For exanple, at the top
.energy of 30 keV, the image resolution for a SEMis typodsdeynbergdded to 2
to 3 nm In conparison, the resolution |limt for a STEM can be as | ow as
0.2 to 0.3 nm Further, a STEM can be used with an el ectron energy | oss
spectronmeter placed bel ow the speci nen. For exanple, an EELS can be a
magnetic prism spectroneter having two parallel magnetic sector plates for

T ansm o PERLFSTERTSRATIOnG, FbEpatBish af (RSER Mok BRA0KeVathe cr ant

angl es uifdege résolutioreforagBEM is thpiebll limTete R S ni. ﬁT@M‘%‘bﬁ%r@ﬂq@' ectron
energy | gss ose transmtted

spectLr ter sel ectively detect either t
el ectron eﬁ%‘é&%@@@ﬁb@ S@HC@M}E@IS fow 8$8.2 t9@8infan (pr oduci ng so-cal | ed
brightfield i mges) or those that have |ost energies due to interactions

wi th the speciFurhef i STERA I rkf el | ) equi pped
with an e| ectron energy I_og% ggé@??é’ﬁng} gﬁeﬁd&@nd%nn rgﬁg):s? Sipte?trgﬁ\%%n[ y to
provi de Bl@gadlihelow iae sRecimeal Fanexsmple, aBHBEL 8ldan,bd 4 mayrstic@riekpensi ve t o

build an JE han SEM Jt is sonetines desirable to convert
a SEM i ng%&gﬁd@%%ﬁﬂﬂﬁgwg?%g‘?%ﬁ?'H??Sflﬁ}]ceiftéor Rlates for geeating Afrasviense hi ck) .
A known ayagnetic fickf indhe yaft oNeardsnil ! ' i &
- speci al I‘i, desi gned el eqt\ﬁr@on det ect g%%@@%ﬁﬁ%ﬁg%%é@@fevﬁ@ separate
" det ect or STRERLH Sngrgjes wilbbend taidiffecentianiglgs Gnderdhasdniamiagneticlfieidmages.

Furt her, | g ' this, approach is limted by the

aberr at igﬁ%%gq‘rg?ﬁ?féﬂ%ﬁ éé'ﬁ:)ig' !#ZIJOH%N&rg)ﬁ-m?%,sqeﬁﬁ'p@q?%r %?"h%é@df‘é'y a sinple
way to cdeteetraithertoosetrtnsmitied SdbtichsthabhEbe hbﬁroshéﬁer@gm%‘ige resol ution
and/ or can..obt ?i n ener g%el 0ss. spectral information. RY OF THE

I NVENTI GREEIBAR (RfoguBINg Soecalledduiatiield dmepes) orthase that havegostyi ded f or
convert idHbrgieS'de! 8 iAteractions with the specimen {producing so called darkfield

images). A STEM equipped with an electron energy loss spectrometer thus
enhangces its ability to provide quantitative material analysis. '

Generally, it is more expensive to 'buiid and operate a STEM than a SEM.
It is sometimes desirable to convert a SEM into an STEM for imaging thin objects
~(e.g. less than 50 nm thick). A known approach of converting a SEM to a STEM
is to simply place a specially designed electron detector below the specimen.
However, separate detectors need to be used to detect brightﬁeld and darkfield
- images. Further, the image resolution using this approach is Iirﬁited'by the
aberrations of the SEM objective lens.

Thus, there is a need for a Simplé way to convert a conventional SEM to a
STEM that has high image resolution and/or can obtain energy loss spectral
information. |

SUMMARY OF THE INVENTION

Exemplary of the present invention, a device is provided for convertinga SEM to a

STEM. The device may be adapted to be mounted on a conventional SEM..




STEM The device nmay be adapted to be nounted on a conventional SEM 2 29
Decenber 2006 The devi ce may have a casi ng nount abl e oR94<Spmbangl06
provi di ng support for a specinen to be scanned by a beam of primry

el ectrons exiting the objective lens of the SEM The casing may define a
pat hway for allow ng transm ssion el ectrons that have passed through the
specinen to be detected. A magnetic |lens may be nounted within the casing
for focusing the beamof primary el ectrons onto the specinen. The device

may hav n he casi or .gener at a transverse
ma)g;neti gnﬁ el g ﬁ" tgy g%\% Inate%g,ng H%UP 2 Qﬁg&a%“}g%]dfeqr%‘ﬂcﬁ?%%poéﬁ? BERPAIRE Rasi ng. -
The t r ansscatred byladetmaiiprimary cleetrate kitef tedotfediiteanbiive SEVMJRRaAGRNCE ON
their enerygi 8s. 59 hhat el ectron ener | oss spectrum can be obtained. The
P ieite ¢ PRMaLPERbg o dens e atalpdrays Bl have 60 ewsbihes econdar y

secondary
el ect r orepeciftieh teisk dotsfadaA rﬁa?h&%ﬂer%%ﬁéﬁﬂé%&hﬁtéd%thﬁrtﬁ@éﬁi E}fﬁﬁd&&ﬁg{h&m :

Al ternati Velﬁé’ .an el ectron detector rmay be nounted wt he Tasing for
det ect i R§ME PPN glertans @nio e snegimen. The devise mawn have awnegnebmpintatie erspect  of

the pr e&%&é@?&%h%n&éﬁﬁvé@E@;&%Qggﬁgd e g%ttpégrg\isg’lgpglg&}oinng a

scanni ng el ectron m croscope a scanni n ASM SSTon &fect ron
m cr oscdi&in teeeasingsThegranamdtad elegtrans oty die|deflentedt difterSH)in dependeagsad e of

supporti i C d a_ beam of | mar | ectrons exiting

Che- obj it PersRERE vFBebitn ied RA Siecim Son B Susthed ThE Bechatiay 1 or

al | owi nglectramdetedariobthe SEM nap be uddiad dbtamtecmass GlectrbisuntiodSRintla Speci men to

- be det'e(cggreq;a .@gn%tmum@al e on zﬂﬁl d casing for generati n% a transverse
magneti ¢ ETEXE R &Y fgrianamities gleptrans g mieaefivly, an glestranfistagdar Maybehe casing. In

accor dameintsdiWithin t1ReRE fBREIngAhe FdMBmitcs SRRtorsnvention, there is provided

a device for converting a scanning electron mcroscope (SEM to a scanning

transm ssion electron mcroscope, conprising: a casing nountable on the
'SEM and capdhPESrnEiiiGt firstagpeckof irspsashinyandensithere i piwidsd adedek by a beam
of pri npk YorRb@Rd & 9B hnRY leldcidh hidR sty { : i d: id casing
defining a pat h%vay f(_r)lréael | ow ng ??%‘ﬁggnéggﬁcén%ﬁné@qtrraorﬁghstgl?gf%wﬁté@@ passed

t hr oughM$EISGORS BRTPHSINGE @ Cagirgsmountaileydn thaiSEM; asd capable obsupgetinghed, a

nmagnet | Epelcm to be scanned by a beam of primary electrohs exiting the objective lens of said

SEM, said casing de-_ﬁning 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 the transmission electrons within the casing.

| In accordance with a second aspect of the present invention, fhere is provided a
- “device for converting a scanning electron microscope (SEM) to a scanning transmission
electron microscope, comprising: 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
said SEM, said casing defining a pathway for allowing transmission electrons that have
passed through said specimen to pass through said caéing to be detected, a magnetic lens

within the casing for focusing said beam of




within the casing for focusing said beam of 3 29 Decenber 2006 primary

el ectrons onto said specinen. Ot her aspects, features arf Dedember2®E of the
invention will becone apparent to those of ordinary skill in the art upon
review of the follow ng description of specific enbodinents of the
invention in conjunction with the acconpanying figures. BRI EF DESCRI PTI ON
OF THE DRAWNGS In the figures, which illustrate exenplary enbodi nents of
the invention, FIG 1 is a schematic diagramillustrating a partial |ayout
of an ex@rphargectvoanntiosgidapecineon m croscope (SEM operated in

transm ssion node; FIG 2A is sectional view of an exenplary SEM attachnent

device, exe ﬁﬁ@é) r%P 2B ig a
sectional vi rer\jbvlﬂ%][rgsége SSfeb\?l ce %1 %ftgé J}?hne 'ﬁ éﬁqé'b]gmr%%? aP%ar?rﬂe pl ane of
t he sect faghese Qfloedmaiysﬁlltatheégt uEb:&ev@@ofﬂ;heafoBmhg oeshiptivneiispddifiest rat i ng t he
oeratio - B, FIG 3 is a sectional view of
a’g exenp '1&%""@%’@?%% "%ﬁﬂ‘{” '889/'?]%'29‘: "ﬁ’i@%l%?‘f}“%ﬁ"ymg?w&? enbodi ment of the
invention; FIG 4 is a sectional view of an exenplary SEM attachnent

devi ce, e’xengRar of anot her enbodi ment of the invention; and FIG 5 is a
sectional vie RESERIETIONOf BEVDBRAVGNGSENt device, exenplary of another

enbodi nrent of the invention. DETAI LED DESCRI PTI ON 4 29 Decenber 2006 FIG

| illustrates %conventl onal SEM 10 and a device 30 for converting
: n the figures, which illustrate exemplary embodiments of the invention,

FIG. 1 is a schematic diagram illustrating a partial layout of an exemplary

. scanning electron microscope (SEM) operated in transmission mode;

FIG. 2A is sectional view of an exemplary SEM attachment device,

exemp[ary of an embodiment of the invention;

FIG. 2B is a sectional view of the device of FIG. 2A, in a plane normal to the

plane of the sectional view of FIG. 2A;

FIG. 2C is a sectional view illustrating the operation of the embodiment of FIGS,
2A-2B;

FIG. 3 is a sectional view of an exemplary SEM attachment device,

exemplary of another embodiment of the invention;

FIG. 4 is a sectional view of an exempfary SEM attachment device,

. exemplary of another embodiment of the invention; and

- FIG. 5 is a sectional view of an exemplary SEM attachment device,

exemplary of another embodiment of the invention.

DETAILED DESCRIPTION




SEM 10 to a STEM As is typical, SEM 10 has a specimen stage 14 for placing

" a 'specinmen 16; a primary el ectron beam source (not shod)DdaembgeB@déti ng a
" primary electron 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 speci nen stage 14 of SEM 10. Specinen 16 .can be placed on top of (as

h : i i devi 12. Devi 12 defi h
oo e’ 1l DRSS SorrerHopALSEMI0 Bnd seiaivadd fon eymrinto) men 16
to traveSENIROYER WMD%@@%Q@?C@H 30 ﬁé’ésgé%m dstggsgwaPP%t%@ﬁésor’

such as secondary el ectron ector can use etec mtted

el ect r ongpegimendit; eqrimatyelderert beam smroa (kotyshoand dorr garerdtngai tted from a
rons 22. el ectrode (not

target 24. i ted by.transgtted el ect A ring.

shown) 'S’/'%éb %@8@8% bﬁ?ﬁhi@%@éi(ﬂﬂﬁaliﬁho‘%ﬂ%ﬁﬁ?ﬁﬂﬁm?&w@iiﬁ@%ao)f°<5 above 50 V
for attracddl@atingepadasisi 9@5%%&%@%&&&9%%@' A8dingPr eventi ng
t hem from reachi %g secondgér,y el ectron detector . F%L&?e, ![n ansmtted
el ectron%mﬁ@%@?cm% be detected directly if an electron detector is
placed in the path of transmitted el ectrons 22. Device 30 generates a

have passed TeranBAnbHFuSs 3es ASeBdlo e kiePRil A BPerflF TPEAA ST Ac can
“be appr e8ESL 0, Specioert & chr hdi pigeatgh ésp 6f (dsy sHowh )idrasksig eedtrshownd2 in a
n their kinetic energies, it is possible to

magnetic, fi el end
Seleot mvépedi%-ﬂﬁ&w@ A2 SisTips & pasRyay Rls Wi sansmitedraletrens 2 that t he

(AR W SRR B 10K RN A A N deodgb 2

el ect r ofietectos mdn gilenjroinr detediov, sLeh3fs segordary Electroadidtectb 28 ecdralyé ng

ener gi es, f ar.m nly a.fraction of the transmtted electron energy
" spectr uﬁﬂse%etf’é@?%cg t’@%’é%@‘fﬁt’?&@?"ﬁ%@ ipgirectlvey detesling BasRIdRY the strength

of the regmRIrsc26 bRlitthd from a target 24 excited by transmitted electrons 22. A ring
~ electrode (not shown) may be placed around specimen 16, which may be biased
to above 50 V for attracting secondary electfons emitted from specimen 16 and
preventing them from reaching secondary electron detector 28. Of course,
transmitted electrons 22 may also be detected directly if an electron detector is
placed in the path of transmitted electrons 22.

Device 30 generates a transverse magnetic field in the path of transmitied
‘electrons 22 that have passed through object 16 to aiter their direction of travel.

J ~“As can be appreciated, since the bending angles of transmitted electrons 22 ina

-~ magnetic field depend on their kinetic energies, it is possible to selectively detect -
. these electrons thus obtaining information on the transmitted electron energy -
spectrum. Particularly, it is to switch between the darkfield mode and the-
'- brightfield mode, as transmitted electrons 22 emerging from device 30-may be
limited to those having energies forming only a fraction of the transmitted-
electron energy spectrum. Detected energy ranges can be selected by changing
‘the strength of the magnetic field.

An exemplary device 30 is illustrated in cross-section in FIGS. 2A to 2C.




An exenpl ary device 30 is illustrated in cross-section in FIGS. "2A to 2C

- 5 .7 29 Decenber 2006 Device 30 has a nagnetic casi ng 329 msasibetg¢osd f or

" exanple of iron or other suitable magnetic material. Casing 32 includes a
transm ssi on chanber 34 having an opening 40 on the top of casing 32,
beneath a nmount or support for a specinen 16 of interest. Transmtted

el ectrons 22 from specinen 16 may thus travel through chanber 34 to target

24. A paj f nets in the for f netic sector plates 36 is nounted
“nsi de- ¢ PeyCe R aé’ﬁ%@ﬂ%w%%"%@ga%qﬂ%g%cw fgy exameleoridrasneeathsd. The two
plates asgitalie adgpletigiatbRar Rty 92 fid\Mes o FaRNmRIIGPEIAhpE! 34 o5 S6 can be

energi zed by coils 38 around sol enoi d bore so nount ed 1 nsi de chanber
34, to phaylganmasming 40 pndhedop ef vesing BRcbgasathfa meeat or sypmirefor 36

transver : . di ti f, transpgitted electro 22. A

control Iéé‘ge %@ﬁéh%s%fgﬁﬁégé?thgirgﬁﬁ%%d%%%’%g} QP sRrCimenolmaydhvs 38 to
produce traveldisiough chiagib®iriaa tol targbt 242 A Egif%?_ rﬁdgnbihefn hagbHH®S an exit
opening 42 on its side. Exit opening 42 allows transmtted electrons 22 to
exit traneansis sectocplalased6 sumopntad Bigei transiissiap chamhelr f3ddoaasing nar r ow

so that ' | Wneticcenergies i.n a particul ar
Tange. can DY SQRRIborkE Re. TTRE NG B de e B B RS S raehar |

sub- mi | | Eaeh obséctorsplates 3Gcareberapicgizéd biyteils 38gsoumd sdlknbRi 5&@ 39, crons.
Exit ‘oper]i ' sui tabl e shapes other than a circular

_ ng 42 nmay have vario S
shape ad® §%3‘Mﬂt£%§’ @Tﬁ"ﬂée’hg‘iﬁﬁﬂﬁ‘ﬂ%@ wagaetibfieldshatwean ¢he gapef sinil ar
cover w ' o Ard\d | | e, varied
¢ip size ‘a:téo%tcgceﬂlbet%t%@rtg%@n\qé fsteé‘ eeect r(l)ﬁgeﬁdarfwctg% Sg@ﬁgg[ég%ééoﬁsﬁe%er ably,
“the sl iqongalied power agpriy (eat shove) provides correatithedigh spiks88to phaduder 44 nay

thr ougn 3 cesd Raleuc B casBe Y4 uler itdudes anephopetnidizpn s
' ' side. Exit opening 42 allows transmitted electrons 22 to exit transmission
chamber 34: Exit opening 42 may be sufficiently narrow so that only transmitted
electrons having kinetic energies in a particular range can pass through it ata
- . time. Exit opening 42 is typically sub-millimetre in size, for example, in the range
of 20 to 500 microns. Exit opening 42 may have various suitable shapes other
‘than a circular shape as shown. Exit opening 42 may also be a motor driven slit
-or similar cover with adjustable size and location éllowing 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 réceived 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.




Casing 32 may have a bottom adapted to be received by the specinen stage
- of 'SEM 10. As:depicted in FIGS. 2A-2C, the bottom of cagomedmbes2fidat and
" casing 32 can be sinply placed on specinmen stage of the SEM O her shapes
and constructions can al so be used, for exanple, to securely nmount casing
32 on specinen stage 14. 6 29 Decenber 2006 |In operation, a sufficiently
thin specinen 16 is placed on and hel d by specinen hol der 44. Casing 32 is
t hen pl aced on speci.men st gge 14 of SEM 10. Primary electron beam 18 is
gener at ed by 8 f&Bﬁ@“Qﬂdas?HE lydoiey spasireendf is pt;—lce@ts}rb@mql heldshs 20 and

3 d t
o oct onsPSMEICnGNENE, CaS R BN RECHY i EBediben Hbe SR UISEMNEL
~ hol delr 4Eflalﬂiy@iﬁqtlymfd:mam g} lsggoéraiﬁd ibydS B¢ 'kimhl cemaline(d\@m)fyb ° ge&#neanor
exanpl e nt , 0 e ectron beam 18 can be
- car ?iped bﬁ%"%@ dﬂﬁﬁ 896@'6‘9% %’Eéﬁgﬁ'ﬁgﬁ’z‘ifﬁﬁg kngial iecanigeies sQar y
el ectr OntHMSﬁfﬁéiﬁélb@ﬁ‘oﬁQ 223fbrR3pdefter 6 E8R LALelATo G Bl 4¥5H NI 1! S

initial step, the bias ring el ectrode around speci nen sho not be
bi ased MPW'@SHMQF%an@Ban@penH@%W wSIng\BﬁgarmieerdadahmbéeM rons

emtted | reac ondar ctrpn de cto
 Appropri glt’)gg%n%g %t ?ﬁcéhrﬁgmaéfoda éceggql %‘[Qﬂiﬂ téi%é 8@?'&*% 36 as a
resul t -obareiedrogit throggle @ohhaBshedich Mé%;é fn%ﬁlfémefn? aghéreos Bé&ﬂ'&ia@ change
their. direction of %ravel bet ween sec |ates 36 and are diTected

t onar ds @RFHOR fBAge gf davice §0:san be used ip gwteFdewea&Qp[hmng thisdhitiakt r engt h

anound o oA Al IR ERg oull SpRERIdiT B SHBubalBR B duB (o7 on

al) | ow el patitiveneoltagei tigrely alidwingesszoatiasy élgcttompéiitead RO SPEdimbe 18aSs
through at rﬁwgve 9C$|_t|cf|eld the field strength between sector
pl ates 38 "€4FN BEC Q)?;f%rlé&ef opRelactor #Bsni t t ed

Appropriate magnetic fields are generated between sector plates 36 asa
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 1o 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
kin_etic energies in a particular range to pass through at any given magnetic field,
‘the field strength between sector plates 36 can be varied to swéep 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 aliows 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 cbmpact and at
low cost. It is also easy to instal! and operate.




el ectrons 22 across exit opening 42. Hence, conveniently, electron energy
" loss spectral. informati on can be obtai ned. Transm ssi oreSddeeimbenl0@Xi ti ng
" 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
em ssions resulting fromthe transm ssion electrons. Conveniently, no new
detectors need to be included in device 30 as transmtted electrons 22 can

be detected itrA%i ect | usi&nﬂq n_exi st Icﬂﬂc secondary el ectron . detector of

SEM 10. Advan g"[@éh%ﬁ’ PPIEAARS MBgny Meqiicativns cepisdadgie dgvice| 3w cost . 1t

I s al so #laskated NAHGH.| 2 :
Valea IO oSyl SRS e A0 o Pyt oy

appreci ated, many nodifications can be m
FI GS. 2Ala 80 gnglegoregalessdhan PAdegreesdnad coresporadiagly emif openreyd2 to an

‘e h gnege Bo e onliRetitar it T RIS SRBLE htele Sl locilio pi ncing
speci mensféciment tontor 66¢adng 82, SFPSIMBRN 6LAaTBE REihed HatRAchambde chanber

34 of ca ing 32 ahgve sector plates 36. A device 30" including an internal
mount  fof OEpReiNge? alpvessqotonpatest3® Arlevice 3@ ingludingen intetnakmophtar y

devi ce " fro : ' e 0 I.n rimary.el ectron beam
15 on t oL SERAmOR 6 RuSaBATHE, 20 Rl Al BHIPEG perBe Sasiey

i | 'ust r dnelidera Fia@netic lekes for facsisingt mimary Ele@rod bedv18 8n38 spbaisddifes a

casi ng 50,. having two chatrrbers: a focusing chanber 52 and a transm ssion
‘chanber 4mm%&9ﬁ%%f?ﬁ?lu ORaRB & Emple iesteatedin BIG-eH sinilarly as
transm ssion chanber 34: of device 30 (FIGS. 2A-2B). Device 30" further

- el udes addiAé n@trafedGHFIGI 4C 8BS 30° Ll irfy %} achabl e

(cljr cular plug 56 can be pl ugg’edé\?‘ﬁt 3°a3?‘3§8%%%rﬁé§fg'{9§‘f?*8é’{@ﬂ§} chanber 52.
~ Plug 56 shamkgyaeeifecusing eamber 52 dadaf trahemission chemesérdd4. Asansmission
| - 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 -
sharpes may be used. For example, instead of tapered, the butline may be

- stepped. Plug 56 has a tip 58, which functions as a pole piece‘of a magnetic -

. J - -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-aftaching holder 60 to plug-56.
-Holder 60 may also be attached directly fo 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

8




casing 50. Exenplary plug 56 is generally cone-shaped with a tapered
generally circular outline and a bore extendi ng bet weeB?iDesetnbpr 2008 | ower
" end. Oher shapes may be used. For exanple, instead of tapered, the
outline my be stepped. Plug 56 has a tip 58, which functions as a pole

pi ece of a magnetic lens, as will becone clear fromthe description bel ow.
A non-magnetic speci nen holder 60 is attached to plug 56. Hol der 60

i ncludes _a f}‘glgi ng@ﬁl atei1for hol di ng speci nen and can have various shapes.
Any  sui THBIEeGISKsiobrk mﬁ-mﬁwa%h@@émwm-lma@mm@mmer 60 to

| ug 56. t ' _casi 0. Attachin
Pol er _ReTRanit iR oy Be BRed, MAGIHE Ba i od pllid s aditide Spect men
on hol defields fomedditidrmal dsturing bithegsrirhdry Soerombaarkt! S aim e ihaegst i nt o

focusi ng_chanber 52 (or_ repl aced sinmply lifting up and | owering down
pl ug 56 chtbﬁgb%‘?'&eﬁ”%ﬁo%[ﬂvﬁgﬂ'&?.s &ﬁgg M%@@T@&%ﬁzr%@r@{) QPPRFSHRAE magnet 62
and |0\Aeéncﬁmgﬁﬁith@‘ber§éeﬂdir%cﬁ&1.%?§% \ﬁﬁé‘ﬁ |5 chamber
52. Hi gh grade Neodym um|ron-Boron [; e d%é@ﬁéiﬁ?'ﬁ%‘ﬂﬁie%my be used.
Magnet s B2g0ats @Aapd diidpladee magnetic fields for additional focusing of
the primary electron beam18. In the illustrated enbodinent, the coercive

forces -of the ' d._64, oppos. e another in the vertical

di recti on. AnAangﬁgm%%?%érgg rﬂﬁybﬁﬁﬁv'ggggﬁ%@ﬂamgt‘iﬁﬁﬂ&@%’? WXd 64 i n
place. /Fitldguldipgi spaver 68aeerbed gaR¥rdlly rcRhARA it6H pRie ShAdvicheg magnet i c
flux. FEield BUIdIn spacer 68 can be a generally ring-shaped iron plate
sandwi chtlfg”“eﬁ tUREER 6geiddower magnet 6de Thedignagrateanayhave con pl ate may

(63 e PR SHORON P e Y A B Bl ©°F
| ﬁgg{‘:?: gradﬁzfg ’”?}J“gﬂgg% tip)lﬂﬁ )?vmuy 56. Asiosh b@rmapaéciatelag)t@d@e%@rtﬁjn t h_e
‘ also functions a=po{e piece of the magnetic lens. The magnet flux
generated in focusing chamber 52 flow through iron casing 50, iron plate 68, plug
56 and the gap between plug 56 and field guiding spacer 68. The shapes and
dimensions of tip 58 and tapered portion 70 may be designed according to
- known immersion magnetic lens design principles. For example, the gap
between tip 58 and tapered portion 70 may be small, such as a few millimetres
high. When the gap is small, magnetic flux between the gap are substantially

paralie] to the beam axis of primary electron beam 18.

) | Device 30" can be constructed with an overall height of 35 to 40 mm.
" Numerical simulations predict that the magnetic lens of device 30” can have a
focal _Iength of less than 1mm with primary beam energy of 30 keV.

Conveniently, as device 30” is.compact in size, it can be easily fit between
- specimen stage 14 and objective lens 20 of SEM 10.

Advantageously, device 30" can be used to improve the image resolution
of a conventiona! SEM by about an order of magnitude, making it similar in
resolution performance to dedicated STEM systems.

As may be appreciated, modiﬁcations to device 30" are possible. For




generated in focusing chanber 52 flow through iron casing 50, iron plate
68, plug 56 and the gap between plug 56 and field gui di2ddDepaber 2@% The

" shapes and dinmensions of tip 58 and tapered portion 70 may be desi gned
according to known inmmersion magnetic | ens design principles. For exanple,
the gap between tip 58 and tapered portion 70 may be small, such as a few
mllimetres high. Wen the gap is snall, nagnetic flux between the gap are

bst ant | | el he. b s of pri |. beam 18.
Bevi co abremble BEEENEEnGRENERARG Lancovstianichgtih SAsmas botounsd o
Nurer | Catws sepaité easings sdkeditbgbtnbher SRANGIsbckaMty Llisidece 307 can have

a focal length of less than 1 ninw pri mar eam-energy of 30 keV.
Conveniently, _as device 30" is conpact in size, it can be easily fit
between specF lustiatepsnpibendranplaneembodindentalf tIBEMVEAtiomdtiaideageousl vy,

SEM by ahout o Y0 a SEATRY S HREW DR S0t "8 iartd aebiocaf P Bicam °"

SEM by about an order® of ~nmagni

“per f or minternabeldetion atetebt GTEMsSe LA indide TN AfisSIBR 'cRaMep g4, Modi fi cations
to devi c§ ?0" aie.ﬁgssi ble. For 9 29 Decenber 2006 exanple, focusing
chamber SHEHHY 47 isrRlaced pelovespeaiaends$ and car baoiseddobiprmingthedpmgeat e
casi ngs &t sHeefeh 9get v | Lstance . ElLG
I'llustrates ano(taher e@%ﬁg ér? @ﬁ%gg?&?@%ﬁg?l%%l'ﬁ@e%H@esrlljtp%ﬁ,ed&g\ﬂei%do%w' for
conver t i igjder BEN it haa abramMulBeshape, 3ctronsdeteior A2 dah EepoSIHora tobut  an
i_nternalorﬁl g%g n deteﬁ_tor 72 1s _mounted inside transm ssion chanber 54.
' Det ect or>' 7Y CEPE[E%%S ansRitEstelpriEons 82 4nf eaih thys be used o obteimiheg t he
J'mage  afarkReqiifBge LOetdotseRs Riay 4 AL _and supported by
‘detector hol der 94. If it hasa n %‘%ﬁélng(?vs a;%?écgb/era(??gr%%%o%ggct or 72 can
be posi t§leFENS Whichhayeere energy loas; to abtainghe trightfigie imags O@bnaknd can
- thus be Hé&ﬁet&,osiﬂmgﬂonbé#&ng magnets 36 of FIG. 2A-2C may allow an energy
spectrum for the transmission electrons to be obtained. However, with device
- 3077, 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
medifications 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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darkfield image. Detector 72 may al so be noved to directly detect on-axis
el ectrons whi ch have zero energy | oss, to obtain the bri2glitecember 20068ge.
Optional magnets, simlar to bending nagnets 36 of FIG 2A-2C may all ow an
energy spectrumfor the transm ssion electrons to be obtai ned. However,
with device 30", high resolution transmtted i mage can be obt ai ned
directly without reliance on secondary el ectron detector 28 of SEM 10.

O her f eaVhat Blainheniefits and advant ages of the present invention not
expressly nmentioned above can be understood fromthis description and the
acconpanyfi ﬂgdéUc%%ﬁt@ﬁvdﬁﬁhgtamé&m@@Iédﬂﬁﬁnﬁdbs%& @k i daaugh only a few
exenpl ary enbodi ments of this invention have been described above, those
skil | ed i n 'fapemigsien glpstronngigrasdope. £pmpesingat e t hat nmany nodifications are
possible therein without materially departing fron1the novel teachlngs and
advant ages élfasﬁ'@hﬁ)uhtab(l@@h k58 SEWQnd &\686]& b¥lppd pdﬂaeé to

enconpass all such nodification hin its sco |ne y the
clains. 10y@ b@é@ma@@e@ronmunglt@ Qﬂl@tl\redwsczisaIQSEM smi/a:aseg f:ldinmonvert i ng

3, SCaMN! 09 B0 B9 RGBS TRk ORGP I LRSI B e o

m croscope, conprising casi ng noun on"sal
suppor t:i ng be dejeclednen to be scanned by a beam of prinmary el ectrons exiting
t he objective lens of said SEM said casing defining a pathway for

allowing t hayve sed t hr ou i ecinmen to

be detecte %@Hér@%r‘fg I%ﬁ%%lﬁ%?zngofﬁ% ?rat'r@ 8%”‘@%‘:‘? ﬁ‘ﬁﬂgef}p ransver se

magneti c- fsmﬂttarlsmnsia&inlemctronmtrﬂ]éalm Ssion electrons within said casing.
Ny

2. The device of claim1, conprising an electron detector. for detecting
sai d 2. The device of claim 1, comprising an electron detector for detecting said

transmission electrons.

3. The device of claim 1, wherein said casing is capable of supporting 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, 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 detectlng a secondary electrons excited by said transmission electrons and

emitted from sa|d target.
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transm ssion electrons. 3. The device of claim1l1l, wherein said casing is
capabl e of supporting said specinen therein, and furthee eepbesP0s a
magnetic lens within said casing for focusing said beamof primary

el ectrons onto said specinen. 4. The device of claim1, wherein said casing
has an exit opening for allowing said transm ssion electrons to exit said
casing so that said transmtted el ectrons can be detected by a detector
ext er nal 7t dhegideaced shainy4, whereFraaidcedt bpenirgfis siifidentiyinamolves eilyeleai d exi t

opening is Lk |l ow said transm.ssion .electrons to be detected
by a seconé%ﬁ%h%‘lf'%@%?%’%R%I@a&@ﬁgwagﬁn%ea?a}(!f'" nepglesp X FRiBE Dt claim 4,
wherein said exit opening is positioned to direct said transmtted
el ect ron8. {Toereds: o chiar Yetheicin ssldfirhaghialeldis @iablie by thabsari RROBAARYe €l ect ron
det ect or of sai@ SEM to allow said secondary el ectron detector to detect
sai d transii '$S78% el ectrons i ndi rectly by detecting a secondary el ectrons
excited by said transm ssion electrons and emtted fromsaid target. 11 29
Decenber 8.200€ device of bleint wihereinahidthainB cdmphde a§ialt oSgtiralleEiadne®/NSAEN] 1S
sufficiently . narrow tq only allow transm ssion electrons of a particular
AP droRa dig

fagingieac angg;such thatsajdmnayitegeledton trgusls bough thel aj m 7,

range of ki
wher ei n saiggp B&@BET dofd farelmadgheli@piatad! € so that said particular range is
vari able. 9. The device of claim1, wherein said magnet conprises a pair of
parall el Oggﬁngt ic plates facing each other froma distance such that said
transm t {&dMefevicecheam iugher compesingatieqat ong aoneticweibier ensrakingar al | el

nagneti c. pkad pagnd0- The device of claim1, further conprising at |east one
magnetic coil for energizing said nagnet. 11. The device of claim1,
~wherein said casing is made of a magnetic material. 12. The device of

cl'ai m 1111-Ths&edrsofciaing 1. whgrain $aid easing isi raadecal apragsetic niaterial.

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 iens 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 electrohs 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, said plug comprising a-

holding plate for supporting said specimen.

12




13. A device for converting a scanning electron mcroscope (SEM to a
scanning transm ssion electron m croscope, conprising: 28 Deasmbgr MaNént abl e
on said SEM and capabl e of supporting a specinmen therein to be scanned by
a beamof primary electrons exiting the objective lens of said SEM said
casing defining a pathway for allow ng transm ssion el ectrons that have
passed through said specinmen to pass through said casing and be detected;
a magnet 1% Thedsvies offtlaim d4j wheseinisai chsing fsanads ofg reajndtibeawrial pri mary

el ectrons onto said specinmen. 14. The device of claim 13, wherein said
casi ng CRYRY, i f [ iving said beam and, further

conpri si ng abgﬁ%‘é&e"@%‘ﬁ@% eerﬁghsgﬁﬁ@aggsﬁ PG eoRsEs E@H?{:’,%% Flsing a

hol di ng pl abgshapedsggpetst | ng sai d speci men. 12 29 Decenber 2006 15. The
device of claim 14, wherein said casing is made of a nagnetic material. 16.

~ The devi |. Qi 4 rei.n said etic lens ¢ ri ses upper and
| ower rﬁﬁaﬂ éﬁ%‘ﬁ%d‘gp ﬁéﬁﬂé&gﬁ’eﬁp S*ﬁ@@@%@”%@"@"ﬁ?%ﬁ%%ﬂ@ﬁei n said
- magneti c | epescee sauviiched bwebelsdidwbdimrom&mgrshéﬁdadﬂég}mgﬂ bet ween said
- upper and | ower ring shaped magnets. 18. The device of claim 17, wherein

one of sgid cgsing apd [ l.ug h a tapered section around said opening
f or mi ng @] SB? ge‘ﬁ?egogé’gg‘f’ §Z’é’]’qﬁ%§ﬁ%&s§@q 59 agd §aid Hug hagiadpRergdi di ng spacer
has a t apesedion @iuh@Baitl @pBAIRGoPMiPGlfpdl FiES: SfsaRBhaLBRORAL 4ndl@RS opposite
said tapergd section of said one of said casing and said plug. 19. The
devi ce of ?'QEH‘FTS,SP?‘EWPH%? tapg st sestionjorming peslerRieredi saidnuagnkiig ledet ect i ng
sai d transghddseslsal ?éb%Féaréec%of-ggﬁ di’l%‘b‘fgﬁgeésé%ﬂﬁidgp[u erein said

I ape. cenper

el ectron detector is annular iIn shap 006

19. The device of claim 13, further comprising an electron detector for detecting

said transmitted electron.

20. The device of ciaim 19, wherein said electron detector is annular in shape.
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CONVERTI NG SCANNI NG ELECTRON M CROSCOPES ABSTRACT OF THE DI SCLOSURE A

' device for converting a scanning el ectron m croscope (SEMPetembers2®ni ng

" transnission electron nicroscope (STEM is adapted to be nounted on a
conventional SEM The device has a casing nountable on the SEM and provi des
support for a specinen to be scanned by a beamof primary el ectrons exiting
the objective lens of the SEM The casing defines a pathway allow ng
transm ssion electrons that have passed through the specinen to be

detected. The dewvi A sing for
generating a tran%@@y@!hgﬁgﬁwg&%éﬁ@i@ﬁw@Pé m ssi on

el ectrons within the casing. A nagnetic |ens nay be nounted within the
casing for focusing the beamof primary electrons onto the specinen. The
secondary el ectron detector of the SEM my be used to detect secondary
el ectrons ABSTBACTIOMTHE PBEL@SURED by the transnitted el ectrons.
Alternatively, an electron detector may be nounted within the casing for

detecting the transmtted electrons. Figure 1. 14
A device for converting a scanning electron microscope (SEM) to a scanning

: transmission electron microscope (STEM) is adapted to be mounted on a
- .conventional SEM. The device has a casing mountable on the SEM and provides
- support for a specimen to be scanned by a beam of primary electrons exiting the
; | objective lens of the SEM. The casing defines a pathway allowing transmission
) .electrons that have passed through the specimen to be detected. The device
may_haye a magnet mountable on the casing for generating a transverse
magnetic field to deﬂect the transmission electrons within the casing. A magnetic
lens may be mounted within the casing for focusing the beam of primary
electrons onto the specimen. 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.

Figure 1.
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