;e3e($3%& H * (6 (T(Ynm? *C, (N (1(* REDUCI NG CHROVATI C ABERRATI ON I N | MAGES
FORVED BY EM SSI ON ELECTRONS FI ELD OF THE | NVENTI ON The present invention

rel ates to i magi ng objects w | ect rons BACKGROUND OF THE
I NVENTI ON Many nodern el ectri F‘ |Em@mm mﬁew ces, el ectron
em ssion m croscopes (EEMs), | ect of int m wm ﬁ”ﬂal | ed

speci men or sanple) by first accel'®%4ti ng and focu5| ng rons emtt
fromthe object using an electric/ nagnetl c objective I ené and t hen furt her

enses ”ﬁ%@%lﬁ@%@@ﬂ@ﬁ?ﬁ%&&%@?’\@%@ﬁﬁ%ﬁﬁ% PSS e i

fields, or a mx of both, in the %eamof emtted electrons for
altering the trajectories of the emtted el ectrons, anal ogous to the way a
glass lens alters the trajectory of a beam of Ilght A typi cal conventi onal
EEM has a r adiFlELBHOEOHEdNVENTIONIN nati ng an obj ect to be imaged, an

el ectron detector for detecting electrons emtted fromthe object as a
result of the radiation) and one or nore electric/magnetic | enses for

di recti ng t he T presentingentiom selatesdodmnaging ejectsrwith emissicrelectroher m a
magni fi ed i mage of the object at the detector. In a typical EEM an

el ectrostatic objective lens is positioned close to the object and has an
el ectrical pot he object (usually in the range
of 10 to 15 k\§ ‘éféRe(Q racht-Fﬁ yw,\(l:-gllfoe&atl ng the emtted el ectrons. The
focal |length of such an el ectrlc/magnetlc | ens varies with the kinetic

f th f . jt. That i | f.diff t
enor o e wi I ey biegleEn eRetiE bl giGhs. shirh Bs FoddMaiGheth. the focal
| engt h oferﬁ:smnﬂtdr@sdo@@% (E@M@)ﬂurﬁé@@hh@mé&@mméréﬂ (s d @a@étﬁé@ycdﬁewy be
appr oxi mat ed 1 ~BZdz (1) f 8nE Z where mis the el ectron nass,

and Bzis qrr’fs@r%mehby ﬁes’g‘ qeeelerating andifanusing elestionsemiltedhirom thenhiest
el ect ron%smﬁg? ‘é'@?ﬁé/ﬁ?%@% fcﬁ)zé'c?wbqe ROl ORERGarth e mﬁgh@ﬁg R ﬁﬂﬁg y an

electric/m beamin a sSi e res s in
di storti dy using hesariesg dientne/dmagneﬂcsprogb@rpém Ahetedtlicdmagnetio lehse t o
variatio inetic,ener eem{.elsdeectro j d.to as

. f
o oot D yeifally Generated SeBicCaramagae e i 4 Al Bethe LB At Rl Ger s o

l'enses i ddniiof Brhittéd BRIctroRY f&ﬂﬁlfé‘fﬁfg' tﬁeQFé?écEtahéQBf tHe'erhfddd &B&trdmd, t i al
ki netic energies of secondary el ectrons excited by X-ray radiation

t ypi cal | yanaiegpustodhe svarea glassdens aliers thelteajectory ofca beameafdightonsequent Iy,
chromatic aberration limts spatial resolution of an X-ray photoel ectron

Gover oped T or 5 S ognugnlond? EEM s aciflrk¥iife «AARABIAIRAG A0, ocon | s
to filterobjedt teiietinmgee, antMmtmmdanen@rKom@etectlmere@treasremﬂed&om twrtain

range. For, ,exanpl e, ast a ertures and Wen filters have been used for
CoohCn peR T Resihe Eaihar. snLanaer aorebIoREReans (aIeReSIoT o

Hovever, dmé%ﬂn hé bﬁﬁttﬁ 8fctrens t&ka?&rthé%léétﬁdrgg&%cﬁfr% %nﬁrh'?ﬁé&tﬂge& he

intensity of e itted ctrons arriving at t etector 1s reduce
Furt her, inageaifrihé ebjgotat thendétectarsin a BépmtakE.EMr ay elegtostdticahjectiven
spectr UM ERETS 603| bc} ca:losg ?o the object and has an electrical potential higher than
that of the object (usually in the range of 10 to 15 kV) for extracting and

accelerating the emitted electrons.

The focal length of such an electric/magnetic lens varies with the kinetic
energy of the electrons focused by it. That is, electrons of different energies will
be focused at different focal points. For example, the focal length of a magnetic

lens for an electron beam of kinetic energy E may be approximated by



An alternative approach is to operate an EEMin a tinme of flight (TOF) node
as, for exanple, described in "Tinme-of-Flight Photoel ectron Em ssion

M croscopy TOF-PEEM first results”, Nuclear Instrunent And Methods in
Physi cs Research, A 406, (1998), 499-506, H. Spiecker et al, ("Spiecker").
Spi ecker di scl oses a photoel ectron em ssion mcroscope (PEEM with a pul sed
radi ati on source. Emtted electrons are dispersed in a drift tube
downstream of the imaging,optics. The electrons are retarded at the
entrance of the drift tubg¢ghpom 700 eV to a drift energy O&r?' ess than 100
eV and are imaged on ammlti ' channel plate (MCP) at the d of the tube.
The el ectrons are then aclelerated to a scintillator screen having a short

d E | duge |
Spat 1 al |y befRridte ST BRsPe it B b A Moo SR A R B0 ¢
ener gy assidif, dibédrh dflerr@ctﬂfnsewmhdebe%éméhergrééqemdﬁr&usea ihlaSsifglef tener gy.

The inmages forned b | ectrons in different energy ranges are separately
recorded planeilean® trdﬁﬂmﬁ@ﬂﬁtleleﬂﬁerNQ!wiSlnﬂ ebzeansinrags@gieml@eer s reduced

Phaaube o B BRTH BedRORH e i GE BT G RrSle BN s BRI A dER | oo

several | yatiatisn iprdnetipesergly oflthe emittdd/ eleciohs Wefirediteas chpdhate ener ay
range, are collected for each image_ and they represent only a snall

fraction 8bemationiThuse thaspatial resaletiomakelent eﬁnagm@rwlensﬁel%laqﬁeem. on time
for a sin ,,r@.g the TOF spectroneter is placed after the

i magi ng og%ﬁcu , Iﬁﬂa;figla%gfrgé ron angular notions tend to limt separation
of electrons with different energies within the drift tube, and hence the
final spatial treEEMttheinitidl kimetid enygiesfafrseicondarytelestrais e)'(a:rtn!dtby X-ray
integrate this type of TOF spectroneter, i nv ion XPEEM _Anot her
wopr oach Tadaiort §BTeally of e B 5 Gt G1tehs pf lofiRg lonana: srseriien

spheri cal cRiphAtR 4 él?érrati%ﬁr Iﬁﬁ%ék/l réébluWaﬁ')@r‘Hyr ;SHthQIbbFrénen'ueréﬁt

Eur opean Congress on El ectron croscopy, Proceedi'ngs Vol une ,

| nst r umentigrosaoreé (XRBEM)dolabgyt 10000D) , 81-4, D. Prei kszas et aI. The
spatial resolution can be |rrproved to about 2 nmw th this approach.
However, this d positioning
of the various Pgégagg&aﬁr?? |cu§% P&@él?ﬁed fcérfrr%gg&n%ecﬁrg&laﬂ hus, there is
a need f oabarratiowimEEM. |Trtmggergerellearppreaulsm@ filtar oué dnitted elestrensiHavingw

chromatic abfrrati Qn V\hﬁsr%%n bot h hi % atial resol %Jtl on and fuI | spectrum
ENas: ande

of emitt elfinelieENLEIIEs CHIiIfR A S8raIMmEN [ B5ABBIEs (CPNU]
| NVENTI ﬁi@yg; st e { I magi n
devi ce, O;'x\@ﬁng@éf% EE 83%%?%%2% an %f%g{prol%% Innﬁamﬁzﬂacsng?g%régﬂggeg&to fgcug
pul sed 2 XPEEMs rt@aboetrﬁﬁ neu Howevemn wisgneemitied electﬁomaaabmnqﬂ anergiedef ore a

epar at e e lEnfcd ihE ManRESTEPiladereftins Abl1d A tstelBRlR "ar Y ¢ hen
subj ect t ﬁecﬂJdédnH:urﬂTeﬂ ogrtaih 6?rﬁilffal‘r‘nétl(\in R’ 1dst. ﬁ@#tl&llaw rd fullfdrgisgioponpensat es
for variations in kinetic ener |es t hus causing the electrons to be

f ocused pPRSEIRENCanNst hgobtain reduci ng chromatic aberration. The
varying electric field rray be provi ded by varying an electric potential at
the lens, such foat%‘e E@h t he

| ens. Th| S pot e?r’tsgi“a né{t?\}]: ect'l °QF§%\/an esr%ﬁq’&h gir?]ngh?g@h ?dﬁ ns in
tinme, in ovodieras docexm'ephaatiesa?rmed/rar“mrnemﬁé:lrght Rho&ielentmreEgirmormf

electrons rrivin . . ti be provi ded
For bet t eMiagsEpBy TOESREEN TSt reeuf, Nysleri it BBtts ey Alheds Foner oy
spread i npKPSic8RdIeRFC/E! @QQB%@QB? 4@5@@‘1—1 %prbbﬁer‘éﬁﬂ (“SpRicRef’).ons in the
image formed at the target plane due to chromatic aberration are reduced.

The ki net Spieoker g;sclﬂsesraeplmtbee@tremetmrseiobeamqﬂcoeee(EEEM)swr’rhﬁ péséd pt

relativel oW, €. 0,.to 100 eV, so i hat ave cantly
i 11 er ot Fagiptonfofopa By pbbfls PR oS v ATy BVReERARet |

obj ect | vetHeemsagm? obﬁc@r Thie @sttions' freueRri 8¢ attHeesitraicd GFthertrif fbeangul ar
spread of the el ectrons. The ragnetic and electric field strengths
rapi dly déemezge0 eh/dma duft spergynefiesstfianct0d 8Vand aresimagegl 9n adnultimat e t he
emtted el ectrons, thus reducing on-axis | ens aberrations and m ni m sing
the effect of initial angul ar distribution on their transit times. In
accordance with an aspect of the inventjon, there is provided a method of

i magi ng an object, includes illumnnating the object to emt at |east one
pul se of electrons; directing the pulse of electrons along an optical path
through a lens, towards a target to forman inmage of the object at the
target; spatially separating electrons within the pulse in dependence on
their kinetic energies before the eIectrons reach the Iens providing a

- .




i mge. In accordance with another aspect of the invention there is provided
an apparatus for imaging an object, includes a |lens for focusing pul sed

el ectrons emtted fromthe object and directed along an optical axis to
forman i mage of the object at a target, and a correcting el enent
positioned renmote fromthe object, the correcting elenment electrically

bi ased to have a dynam cal ly changi ng voltage for correcting the kinetic

Synchr oni PSP IMERS Ui ehd aF L ke ThE legiT A R hoUROSRFABHI
ener gi es HEcihtitatoHG8EN Hafild 2 3hoH YEan UGS ERitRR abét o plodliegd Honk he

correcting elenment. In accordance wth yet another aspect of the invention
t her e i s Psivgledradiationepuiise ase spatialiyrsppaatedjindne diifidulpe dle do the sprees

o 1o Ry g0 R RS BB nh B R gL oot
target t Cérfe_@?ﬂ)'ﬁﬁb inVEES f@‘rn{eﬂ%f@ﬂe@tgbn@in differdraepeirgy Ritjdsalrby separating

el ectrons within the J'}ng' se in dependence on their Kkinetic energies, before
t he el ectSepasatebaegordad inditge. Jheghigmatic ébgrrafion émgaph sndleimagsis in time

o1 ect r ondSh et Bogdifid el Gibral efedifin SisBAFAL M, iU 100" 1t he
i mage. | reragitertiantee gpidadshidllitrarsmitted eksqienis. Plowever,ithiseapproacti hase i s
provi ded an el ectric/mgnetic |lens for use in an electron em ssion

ni cr oscopREverddimitations, Jnesicaliy, ey elepns WERIN RN3{rQWs FNEEIY rAHU.. 358t ent i al
¢ ! . e : ! q
L0\ oERR BY pHERTRLEH o1 RpF45reBBnEbAl Y ORatiablsy f spbrgde. o
advaﬂt ageesnﬁrﬂedtéiecﬁ’qnsanA?ngmgfly, lt})e«z'zl_cqla'is'gim;matir!aetfc_nt:ﬂ)sinllcglrsiuana]ge?c 'gsrldhgntgré_ ski |l
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DESCRI PTI 42N i rhblio ¥ HdNeSirit scle%é'ragiaﬁ of ie@étftﬁﬁls fferéntEriergies vithiap! ary

\ §
embodi ments of the invention, F is asinplified schematiC di agram
i 11 ust r atthagirifirtubenaerd beptathe finalapatiabrasottion affthe ivage e surthernitdst i on;

Further SRt ISRte RES SR ATOr oot id b S i SBEER: St Pon”
view of the objective lens showmn in FIGS. 1 and 2; and FIG 4 is a line
graph il ustraAnsthenrappioachlis té use avtetrgdegninor fargdragtihg ddth chmaticect r ode

of the EEM of FI GS. or .2, in nmanpers e ry of an enpadi t of the
present i3REpRhLIcal eémau@m ﬁ@mﬂbﬁﬂm@éﬁ@ﬁf QY‘?W%W%%E’ B £EM 10,
exenp! ar Yeoodln CHRIEEEBH Mboke MgR3eshy, PRseBbAABS Vel ncl udes an

obj ecti ve rift cha , a dynam c projector I'ens 12) and an
el ect r on loetramentat®n anchMsthodolagy, 2008 18dr4,d0i Predkszas atial. Bre spatal f or ns

part of . 0. ma d i n i ortion
Pher eor drRbuBDCEY e a8 18 8Pyl 2oy P B o5k Haldla by be o
beam of edmarbacPeGtdsCcorpisated ysrecize dééidr ahd positidningyst.thevafibag ged
particles, such as el ectrons. A radiation source (not shown) may form part
of EEM 1depseerndiRarfpylady, the tefodaimimerect rons by generating radiati on
beam 38. Drift chanber 28 may have an axial |ength between 20 and 100 cm
An exanpl e det f . i I ; 5 nd a

di gi talrrpsarrpl |ﬁg&%§%€rfél 'gg%%%wtdg%n’@g%ag%? gﬁ?&%ge&%@rﬁﬁaé :ggﬁ%%&éli tioned at
a di st ancelettroms nithdow chbomatit abesratibr etherein oth highdspatziredyletidn a6di n a

target plape 18 al o an optical axis, 20 ~to forman i nage 22 of object 16.
5 g P f%n spectrum or}gemlj’?tedpek'actrons éér? be obtained squI?ane;ousR/ J

SUMMARY OF THE INVENTION

In accordante with an aspect of the present invention, an imaging device,

such as an EEM, includes an electric/magnetic lens is used to focus pulsed



An electrode 14 controls the electrical potential at lens 12, and thereby
the electric field along optical axis 20 between drift chanmber 28 and | ens
12. The voltage on el ectrode 14 may be supplied by a signal generator and
thus varied in tine and synchronized with an input signal. Electrode 14 nmay
t ake various shapes and be placed at various |ocations along optical axis
20. In EEM 10, exenplary projector lens 12 is a weak focusing electrostatic

| d electrode 14 is incorporated i jectar | 12: el ectrode 14 of
or o) ect o PAIRISSTIHEd Sl GRS &h Gha it Bl erort Roniepalibofne
el ectri clle@ifiridaghedthd RIS, éectrBh8 Ghé spalialficpairatel iﬁFde:p%F‘iaeﬂé’e eAn al'so

be varied in various other manners known to a person skilled in the art.

Vi ened aribeinsespeofive kinetisotnengieslansk arel tben isobject to adimeyanying electiic | engt h
of lens 12, d all .the focal length of.lens 12 .to vary ip.time so as to
corpensat@d e Rl SoihePreletiot Hafaior 1 Kistie =itbiesatulsect r ons
focused RguskitsthbXledtrertd foskefoktisédpre&xineé aingle plnd,§88uding chfémbtier eby

the field along axis 20, conpensating for the chromatic aberration effect
i n mannerabessadiopl dme aryingeelpetsisdield maydir pevidessbyivaningad eleatds n.

dopends. Gt 348 (s, SudtBE B BB o R B S BrlSh W An Wikt afthe, T
pot ent i allend. THgpotehtial effbetivielyrearids thierforall lengthesfithe fensiinttims, ia qrdese  of
el ectrons emtted fromobject 16 will arrive éélel ens 12 at different tines

i f they HawOmpansaieiar viepations inkinetic energiagypielectrans arriving Abthe leas: ons

wll be spatially separated as a result of their travel along optical axis

20. Thus, whery bk Aahfbtricdby BtORAIR HPoMMARPIGRBORET LhAEhISLBaHIRAS arri ve,

the kinetic energies o ctrons passing Tens are nodul at ed
by t he vd$ eanbedpprécatedt sincedhe @nergy spreadriy thie pmittied glestronstidiei r arri val

[ I 12., Wth . of d el ect 1t t f bject 16,
the- pot erBhapedat fieBns MR Bohe iopBe Sorted & 18 el S aigiSce «he
kinetic ejtomatieiabRfiatibfre redicet TRBKiMGRSerMshgl bf enPulseBenitted Brahhe

energy dispersion in the electrons at the lensis reduced, chromatic
aberr at i &f elegirans may kediept selatively low, e.g. between 20 to 100 eV, so that they

have significantly different arrival times at the lens. A low aberration
electric/magnetic objective lens may be provided to reduce the effect of the initial
angular spread of the emitted electrons. The magnetic and electric field strengths
rapidly decrease from the specimen surface so as to strongly collimate the
emitted electrons, thus reducing on-axis lens aberrations and minimising the
effect of initial angular distribution on their transit times.

In accordance with an aspect of the invention, there is provided a method
of imaging an object, includes illuminating the object to emit at least one pulse of
electrons; directing the pulse of electrons along an optical path through a lens,
towards a target to form an image of the object at the target; spatially separating
electrons within the pulse in dependence on their kinetic energies, before the
electrons reach the lens; providing a time varying electric field along the optical
path remote from the object, the field varying in time so that the amount of
energy provided to individual ones of the electrons in the pulse depends on their
spatial separation within the pulse, thereby reducing energy dispersion of
electrons passing through the lens and reducing the chromatic aberration in the



Agai n, viewed another way, the focal length of lens 12 varies in dependence
on the potential at electrode 14. Change in focal length of lens 12 with
time cause electrons with different arrival energies to be focused in the
sane plane. The potential change required at |ens 12 can be estinmated as
follows. Assuming an infinitely short pulse width, and denoting the spread
ininitial kinetic energy as ? E;, the spread in arrival time at projector

| ens 12 2 t, the required change in potential, ? V(t), withintin ?t
for elinﬁﬁgthg any energy spread at lens 12 is, in theory, ? V(t) _ ? E
le. (2) Beside the spread in initial kinetic energy, there are two

addi tional f adhecsotdaniceafifteatothbraspectad therirventivakthdren® pedvidedhan12: t he
speeds at which the pul sed el ectrons travel and the traveljng di stance
bet ween (ﬁﬂp@&tu‘:’r_éordmfg'@ﬁ@n Phiecty 'Eﬁwwslao'ﬁ/@?' f@rf@éﬁ%‘"ﬁrﬂﬂ"ﬁ%@'@ﬁﬁr@'ﬂ%t ance

W T reswy bl : o ral td : Wehently
epat i al 1y e ey HePGbioBELAE BirbtholtalbianideBal plls 85 R 0 ImHbs GFHET )
em tted ebjudtradatargdicamlbedreeting elementapasitidrienverndte ftomdied objestif f i ci ent

di stance before they reach |ens .. Drift chanber 28 t herefore be
provi ded theEprreciing erﬂ@'%qtaealb.z*aaﬁwt%haw a@yaang@%%wrmolw@si ng

t hrough i t ' % =y WEtyghanber 28
may be bif%géd tgﬁ?g tﬁ%meg{@eﬁﬁ@e%?g ét?%tg{di‘% sei eﬁé@ﬁ%hseq%htg’etp |%ng it will
have | owvitage ivarieblerigisyachronizatianetitrathel pwisag ekestérons tfoni correctinguitheher, t he
ki netic energies of t ul se | ect rons, may be kept | ow hefor hey reach
Cens 15 SFtfaneries ot iod BHRSH digdatBidPahBReR R ol BREBd N ans 15 o
EEM 10 n@br@tigg@l@ﬁ@q_vmth a magnetic projector lens 12' as in EEM 10
depicted in FI 2. In the case of a nmagnetic lens, an electrically biased

grid, acting as an electrode 14, may be pl aced between the pol e-pieces of
the magnetic IIB@scoslangewithyetanathen agpeast of tiesinyentiorythere is provided a

method of imaging an object. The method includes illuminating the object to emit
at least one pulse of electrons; directing the pulse of electrons along an optical
path through a lens, towards a target to form an image of the object at the target;
spatially separating electrons within the pulse in dependence on their kinetic
energies, before the electrons reach the lens; varying a focal strength of the lens
in time to compensate for variations in kinetic energies of individual ones of the

electrons in the pulse, thereby reducing the chromatic aberration in the image.

In accordance with still another aspect of the invention there is provided
an electric/magnetic lens for use in an electron emission microscope. The lens
includes an electrode, having a controllable potential for varying energy imparted
to electrons arriving at the electrode, and thereby the focal length of the lens.

Other aspects, features and advantages of the invention will become
apparent to those of ordinary skill in the art upon review of the following
description of specific embodiments of the invention in conjunction with the
accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS



An additional objective lens 26 (FIGS. 1 and 2) fornms part of EEM 10 and
10" and is designed to work with a time of flight spectroneter, but may be
designed to also work with other types of imaging energy filters, such as a
Wen filter or an Orega filter. The optical magnification of objective |ens
26 may be as high as 500 to 10, 000. Objective lens 26 may have a focal

| ength ranging from20 to 200 pm Objective lens 26 may use m xed el ectric

and magnetic fj e X j ! obj ect 16.
A exonpl ary ananardue” SHiGEhSpaeRe BB ETy of ife MR
illustrated in FIG 3. As illustrated, objective |lens 26 may have a tapered
tip 40 whi ch H&.d ismesimplified soherhatic dregraindiesteatingfaroREM egerplary of aper ed
tip 40 ma%hbe de s Ih SO th:i\t bot.h axial nmagnetic and electric fields
fall off %'F‘Bga"‘&?”tﬁé ¢ RPN PGNUBRanpl e, di ameters between 50 to 200 ~m
may be used. A smaller opening 42 results in smaller chromatic and
spherical on-gXG: 2388 siplifed seRémiatit afigramMRGsRiting 4 EENS eRempiifporat ed by
el ectromagnet 44 placed bel ow object 16." El ectromagnet 44 conprises an iron
casi ng 46 hthes smhpdiment of the presentigvemiaies a central opening 50 in its
top plate for producing magnetic fields in the area around opening 42 of
obj ective len n Q) . I | 4 top
plate. O coustlé,ﬁ' 30'%%e§ ey%%g 0 Ct@bﬁ@%\tp?)\;@# ?g%‘égg\% %&%%Héqu ﬁo@g;éushﬁd in
convent i carl 2,6 may al so be used. For exanple, objective |lens 26 may be
replaced with an el ectrostatic objective lens. In operation, a radiation

source radi at obj ect 16 placed close to objective lens 26 with radiation
beam 38 s i 1TIGS S EUING fpRAuStating 21 SHmBE s veris vatedh peeldh

el ectron badd . rons that have
short wi jto rﬁrgﬂgég?&éé‘&gll sggladrgzgle 'a?gll %’?éf%&%ﬁ%ﬁbﬂgwﬁgasy

separ at i ambédintent of e pasent Dyeotidat i ons show t hat beans with pul se width
around one nanosecond for overall transit time of over 100 ns, will produce
good results. In general, the width of the pul se at the specinmen shoul d be
limted to be a small fraction of the total transit time. O course, as can
be appreciated, 8 practical pulse width and repetition tinme are limted

by many fact orBETAUEDIDESCREPTION: resol ution of various el enents and
control conponents of the mcroscope and efficiency considerations. For

exanpl e, a pul idth of ab ns may be ropri,ate faqr, | onger overall
ransi ¢t nos. IR tlalratos B NGO SR R HEPOBET (RR TS have a
wi de pul Savamtidn. EEM 18irfdludcdSan oBjeicBfé |cHs 2824 Bt BRamBBr 8, SdyAaRGOENd- wi de
|l ow voltage pulses at a desired repetition rate which effectivély block

em ssi on pPjestydens 2, and bosledracdeisstorad. tAr optionah daflestar/stigmadgr i ncl ude

onthe. ciutEE BlsBBmE DA e R ERM 70 Ay B BERA R0 1fiaGE Bptlect R0 "D,
recei ved arma pomionrthesedf asimgt pulsed efbetrentiensitted ivn2 6bjelcens. 2Beamy3de

electrically biased relative to object 16. Pul sed el ectrons emtted from
obj ect 16"3%@9@1%3@&&%%@@1’"%@@ wayes. Sush as UM igbt of Saayenr chargedar ds

det ect or ; I i dinf RHh&Rres é\ﬁﬁ&%m@ G ect | ens
26 may be&ﬁrt Sléﬁt%&ergﬁéglggt@bgbﬁ%?fl net(?@&e ergi es ;m%}ﬁfe pu?@gQ?eI ectrons
| ow. ThusEEMot10 &xexgitecobjobi t8 to amitralgcthansiyagenenating radiatiangdeaemd8ng from

-100 to -20 |ts, il h | ect r.qd f .obj [ 26 ded.
where. t hdBbEBATDAr 28 mALheHe SngatAaerOb LB O B) BEt i A8 erE®s | <
low, it r@é’ceél%r@ﬂ"rﬁé&Wa?ﬁulﬂ%ﬁaﬁﬁepﬂb%ﬁg\mm laAB% diBjtabsdrhpligg rated in
FIG 3. To operate such an objective lens 26, an electrical current is run

t hr ough cesdillosgope teinage objest 46t r onagnet 44 and thus generate the desired
magnetic fields in objective |l ens 26. The nmagnetic flux flows around within

iron casing 46 X j . i eously,
the magnetic fF@H%éQHéﬁégﬁgﬁﬁﬁ%@?3“§%QE§£$?$§QE%Fgﬁﬁ?ﬁﬁgfﬁgégﬁé@%g t he
d.ependencannfedtfmhrot?e&asm»q@targemahé 18i giorsg basptioal atle20 tofotman angl e of
em ssion. Convenient|ly, a mxed field objective | ens may give significantly
| oner on-image 22 pbakiect1@nd spherical aberrations in the final image than a
purely'electrostatic or purely magnetic field objective lens. 9 After
exiting objective lens 26, pulsed electrons that are not bl ocked by

defl ector/stigmator unit 32 enter drift chanber 28. Drift chanber 28 nmay

al so be electrically biased with refergnce to object 16 so that there is a
| ow potential difference between drift chanber 28 and object 16, which can
be, for exanple between 10 and 100 V. Since the potential difference

bet ween object 16 and drift chanber 28 is | ow, pulsed electrons entering
drift chanmber 28 will have | ow kinetic energies. Consequently, pul sed

el ectrons travel at |ow speeds within drift chanber 28. Because the pul ses

T . 11" £ £ g



10 +reaching there later. As those that arrive earlier have higher initial
ki netic energies, the spread in kinetic energy is reduced. Thus, it is
possi ble to nodul ate the voltage on the el ectrodes of lens 12, to
conpensate for the spread in kinetic energies of the pul sed el ectrons at
projector lens 12 so that the effect of chromatic aberration in the forned
i mge of object 16 can be reduced. For exanple, the signal generator of

adiation pul N SECtNRGE COHRES aft bRl iRy batel ANeBY o arinoRil by

each cycl@&lectriediekblodgeoptieyl 8fis 20 betdebn dift¢HanSer 28 afd tsry12pmaad in the
el ectrons of a pulse traveling through projector lens 12. As wll be
qmﬁl

appr eci at'ltagerar elestiade dd may heysupplied 8y rsignakggnaratosanddhus vaged ims

comonent eE e SehEirfld Wi SEnELPHEREL  Eesadel4 RV HRE vAlodE' 12y
there is ghapgsfamd b@blemﬂaertaiaruoumlamaubhts\aa&ng onmcaibxl@rzn ept EEM iens 12. To
illustrate, the results of an exanple calculation is descrlbed bel ow f or

the fol l owerngp labnproje@aslensii ism weak feqising eleckpstali lgna aedielackiodeons are

fromO tog r@? Y

proj ecti ve Sgﬁgo%g’rare n]t:fbréﬂég d, r??%leﬁ%r)% 14%#)?(@&%%‘62!8% o%&yg&%? t he
di st ance tnes\signal glenecettoﬂﬁraodtrpllmgdzm eleetiicat polenhtiat atli2ne 2. Eiatritalt | ons
show t hat the spread i tr n arrival tine |l ens 12 is approximtely
528 no FRRIBTHATRS iaarA2ic8R 2% BEBHeHIR waoU offer painets SPOVBHB %12, or - L he
vol tage ofersBA srlllgatif aeartof | ens 12 (or 12'), need to increase by 5V
within 6.28 ns in order to mnimze energy spread at projector lens 12 (or
12'). Many available fast signal generators can be used for generating this
kind of vol t agéiewesnanrother wek, theeoatential at elqatiodet14 wariesithe(focallengthi s not

linearly i pendent on
vel oci ty)&jﬁﬁggﬁhé@??“@’gﬁﬁ%ﬁ% gﬁ%&&# %ltn%:# g’rﬁér?é'ﬁjhﬁ]%a% ¥8ggvar| es during
its flighgorhpehsite fditheasprddd In kihBiic engryiesof heaargittedreloctirems fodused byens 12
(or 12') for obtaining m ninmmspread in 11 ki netic energy is not linear
with tiné?n§§2shown in FIG 3, where the dotted |ine shows the |inear
change in tine and the solid Iines shows the required change in tinme. The
focused pul SedE%'cﬁBHéQ'lsv% %Vﬁd'tgniﬁ’él%t?&{§12'é‘rfbsth%?elﬁ\jﬁmeq’i“élg%‘icﬁfq byis det ect or
34 for formng an inage ect 16. Detector 34 nay have a re atlvely
fast res p%wmpmatleggor themhrhmaélamheamgeaﬁﬁeot mmgeneasoexemplanhef arrival

time of p can, be accurately. Coarse focusing can be
achi eved %?‘ﬁg§§ﬁﬂﬁ&%ﬁ3§} c§§cgﬁ§§§ gﬂﬁ1cal axis 20. Fine focusing can be
achi eved through varying the magnitude of electrical potential at projector

|l ens 12. Conve@petifitally, tire kihetit enoryy of atrhemﬁtnd éledtrbﬁamnhnget M2
accel erated di ferentl%%le ore reaching | dependi ng, on their

initial KIPRANAS ¥MEP nlttahémaﬂﬁ@neégséﬁb@@pefs1Q)faneﬂla%@ iCel patantiag | ens
12 are npHe Hg'ﬁg\%{t'fhe 'E.F‘r@éﬁ%ﬁgar rElb‘éﬁ‘Hﬁ?antﬁIHQ@Hecof?é?ééﬁéﬁé ﬁﬁhtted

Cal cul ati ons can have 1 nage resolution 1 n the nanoneter
range, nofremtdbjectat6 willdarivefat b2 aﬂdlfﬁemrrtdwmmiﬁtthewbav& dﬁererﬂgeltlal

resol ution attainabl e conyent i naI PEEM syst nam cal arylng
the_pot entnalie BnoEies PlacSathe HindRain Mitpe Sl serrtaigt s 316

si gni fi cafielrtrdvedle oﬁtflﬂaﬁaﬁ'@%ﬁ T, vﬁ&ﬁ%@%&emlél%t%ﬁé 132'\/99e$ astl al
energi es are focussed on to ap grOX|nateI t he same i mage pl ane,

si gni fi caemitied eleglrong)atrive, the kioetieenergiesaf the emifiedgleetions passinghol e

X' ay absoPpei @ teationetsdh i AEeataf ERb'HR s HOTREVEfy doRSRINTBh. m ot

t he phot oglefrCdrrioal tid aeler(sl 12NMWiEY ® beanseMsUIséd Blettons ephied from v¥bjecs) can
be.ﬂlrectbé nonitored. In conventional PEEM systens, only the first few

el ect ron VoIths netentiad ablansot? ean bercostieled te yemmdm to mﬂ tpelkmiwt o form
th h
spread  reRd BuRB SR REAY S tinoldn chsPPE AR el IHtSoh P

| ens 12 oin tha'eleatyorizeatcthoticns isadduoeaﬂldﬁremtit abeyratiorcandeargaueedan
electrically biased tube or plate, 12



renmote fromlens 12 (or 12') and along the path of the pul sed el ectrons,
either at, or upstreamor downstreamfrom lens 12 (or 12') may al so be
used to dynam cally vary the focal strength of lens 12 (or 12'), thus
keepi ng the focal plane constant at the inmage plane. Simlarly, in some
situations it nmay be possible to dynam cally nodul ate the potential at the
final projector lens by changing a voltage on detector 34. Conveniently,

nodul ating th otential of an electrode ose, o Lens 12 can be
Ravant ageous. AT chewd aBotiFtaEE e i Bingth of 2512 Banip T,

al ter nat ige@cRabRGE BRME polditiaPheslekpbiads. ochahgéfm fvaigti? B e |l so_be
varied in order to examne a particular part of "the em ssion spectrumin
nmor e det afith tirrg cauge tedenteons: with: diffeirert amivalkenargiesdpdist fogused inmtheund 200 eV,
the drift éfgan%cér vol tage can be biased to around 200 volts | ower than that
of the ol?a S PPE% This means that all electrons havi ng initial energies

bel ow 200 eV would be filtered (not entering drift chanmber 28), while those

havi ng ener gi ethe petbntidiashangeteqiirad bt lensadZEars bewsyintdted agiollbwd.t chanber
28 and have substantial spread in transit tinme, Therefore, their energy

spectra ARSURENG AR IpHnitely Bhar palsewisdtn, and denoting the soreatin nfial kingligt er . 1 n
addltlon) i t S from
obj cot 1ETBIPLEY S8 apTSAY it rRAFGAE storbipbickn 2.8 B8 ARlERS

det ect i orchaylgeémrpotantmpé?r\édt)emmynrc'arpfemﬂfogellmirmtmtammrgylspr@cba'al I t| me
wi ndow t hat n he preset to any point in the detection cycle. Since in the
time of ﬂ?n%ﬁS'%pﬁ'éngeter the detection time directly corresponds to the
initial energy of the electrons, time-w ndowi ng therefore effectively
energy filters the xtyprsngjel mage. As can be understoqg) EEMs 10 or 10° may
have al ternative and additional conponents for proper or desired
operation, which are readily apf)rem ated and understood by those skilled in

thedart For iBefidgthe spreadrn ini @lé«wj%@lﬁw&, t@er%afﬁwafidm@nalef@cm§ beI
On
use ?p?{aﬁ%ﬁnbég%ﬁ’ﬁfgﬁt@ a}rh\%ﬁﬁﬁ gpteng%ﬁgsgggggapﬁmﬁqn?gm ive |ens

26 and dr ween Ccharber proj ec ns 12) or
dﬁwnst r eéullecﬂforrsrtmmmd tlr’]ne msavéﬁn? bl@tammbe‘c\mﬂw@jm 16 phe llé.r&m;zs ar ?I ug ed,

the potentials at nore than one ns may he 13 . nani ca contr ed to
odube.  RICBUEIC e SeegANLORGRF SRt Wi Tesult in s IATaPhSRIBRIR G of * EEM

10 or 10'yw&y al so be renoved. For instance, in an inmaging apparatus .

simlar to EEM 10 or 10' detector 34 may be renoved and the focused emtted
el ectrons nmay be bonbarded on to target so as to engrave an i nmge of

obj ect 16 on tln@rd%rrfgequfflaznenﬂysp@tallur%@arqi@mmwsmfdg iHeremtiniigls of the

present | dNRHEL I AMleCSPERRALY REIORONGE APoRBRONE AHIARREGRY (1 om thi S

description acconpanyi ng raw ngs ose SKi e art.
Al t hough traveYafsuﬁmlemmﬁahae Yetoredheyresdch lehst1lz Driftchamben 2Bavigy been

descrlbed abqv t hose Skl|| dinthe art wl| rea ci ate that many
modi f i catthef orgrQe peideq. eDrittichamier 48 ?JﬁCt"'rcéhYlﬁh'emssgﬁnﬁggﬁ&&@foﬂé enconpass

?lsl Clsglc Eéi(?églﬁd thdddit WohPeRtehrh Sl S1EQRBal &% ARGhBEE fiBlst TSt bRAMBer 3¢  Wat
may be biased to a low potential so that pulsed electrons entering it will have low

kinetic energies and travel at low speeds within it.

Further, the kinetic energies of the pulsed electrons may be kept low
before they reach lens 12 so that they travel at low speeds.

Optionally, projector lens 12 of EEM 10 may be replaced with a magnetic
projector lens 12’ as in EEM 10’ depicted in FIG. 2. In the case of a magnetic
lens, an electrically biasgd grid, acting as an electrode 14, may be placed
between the pole-pieces of the magn'etic lens to vary the potential at lens 12’



1. Anethod of imaging an object, conprising: illumnating said object to
emt at |east one pulse of electrons; directing said pul se of electrons
al ong an optical path through a lens, towards a target to forman inage of
said object at said target; spatially separating electrons within said
pul se in dependence on their kinetic energies, before said electrons reach
said lens; providing a tinme varying electric field along said optical path

et o SOk BN B B SRPIGSTH | BRSO O

energy provid ones of sal d ons in sal epends

on their HPandds desigmedtto avorkivith a tirrd of fiighisspectroenetby, bue ey bg ener gy
di spersion in said pulse at said |ens and reducing the chromatic aberration

in said idasignedto atse wagk Mith Qﬂ“e'”CWQPﬁPI'mﬁﬂ'@gér}?@\éf‘@erﬁr sueiARG Wiehbr i ses
varying afﬁe?b?%hr(bﬁleaatfﬁe ' ?be%@ﬂﬁ@l’rﬂa{;ﬁﬂ?atl& oF%e@W&@ﬂs@G ﬁ]'a?é)@ :%s or 2,
sal electric

wherein vary ote es varying sa
pot ent i alhlglm asrﬁﬂOetasm G)(DO t Ofbgective Ierymﬁﬂmay haverxetfbcaidemgtbubaglng4rorﬁ he

nmet hod of_ ¢ erein said lens c ri se ect | ens. 5.

The net ha® %’ré@? &mnquQCt'V&rngQS 2fTepyuge faixgd le%épn% ,m %?lgtlc Iens

6. The n rein said target conpri ses an
el ectron d{g'% tgécri%u}?é)@%cﬁl %hmé@ ﬂ'8h§°@ne% clains 1 to 6, further

conprising providing an objective | ens proximate said object to magnify
sai d i mage. 15An exemplary embodiment of objective lens 26 is more particularly

illustrated in FIG. 3. As illustrated, objective lens 26 may have a tapered tip 40
which has a small opening 42. The diameter of opening 42 of tapered tip 40 may
be made small so that both axial magnetic and electric fields fall off sharply at
opening 42. For example, diameters between 50 to 200 um may be used. A
smaller opening 42 results in smaller chromatic and spherical on-axis aberration
coefficients. Magnetic fields are generated by electromagnet 44 placed below
object 16. Electromagnet 44 comprises an iron casing 46 enclosing a coil 48.
Casing 46 has a central opening 50 in its top plate for producing magnetic fields
in the area around opening 42 of objective lens 26. Object 16 may also be placed
in opening 42 of the top plate.

Of course, other types of objective lenses, such as those used in
conventional EEMs may also be used. For example, objective lens 26 may be
replaced with an electrostatic objective lens.

In operation, a radiation source radiates object 16 placed close to
objective lens 26 with radiation beam 38, as illustrated in FIG. 1 and 2. To
generate pulsed emission electrons, radiation beam 38 may be pulsed. Pulses
of electrons that have short width and are well separated are preferable because
of easy separation of the electrons. Calculations show that beams with pulse
width around one nanosecond for overall transit time of over 100 ns, will produce
good results. In general, the width of the pulse at the specimen should be limited
to be a small fraction of the total transit time. Of course, as can be appreciated,



8. The nmethod of any one of clains 1 to 7, wherein said spatially
separating conprises passing said pulse of electrons through a drift
chanber positioned between said object and said target. 9. The nethod of
claim8, wherein the electric field in said drift chanber is substantially
zero along said optical axis. 10. The nethod of claim8 or 9, wherein said
drift chanber has a | ength between 20 and 100 cm al ong said optical axis.

11. The ”BFd’t‘ﬂ@aP&ulé’é‘Wid’tﬂ%d?fre%ﬁﬂ@ﬁti%et&ejlﬂnité’d‘wﬁidhﬁ@bfbr@ﬂ%c‘-ﬁ%iﬁ the

el ectrons proximate said object has a length less than 10 ns. 12.
appar at ustimerresatutjonf aariots etements @i contig! campenentsxf the eistasgopel sed

el ectrons_e 'Iﬁted froms id.ob%'e { and df rectc—i:d akﬁﬁg) aB opL¢caI axjs to
forman i ﬁﬂg‘é isfengy; ePsiferations. “Eot axqaple. Ahyise Wisth oL APRYL LY OxLngY e

posi ti onedppRippiate for oger clephll REhsit Biakd, correcting J el enment electrically
bi ased to a voltage for correcting the kinetic energies of electrons

passi ng through said | ens, said vol taqge variable in synchronization with
sai d pul sed el AemativelypradialionbeampB3d mayiheeentinusns ajihayesr wisg RUlBRI| sed
el ectrons,,if.d o0 akf A | i ' . 13.
The appar\é\}t'dt}g’ @Bﬁ }E’iﬂﬁ{&%@gziﬂb@ EH @a%%%ﬁy%}i Rg%gq8§§§‘§r%§}t’%"é’r§'8§} poOSIt1 oned

upst r eam plisesgiat al dutirednepetitich rate wtidh effectiveheblock emiasionwf efectand. pul sed
el ectrons to drift so that said pul sed electrons travelling at different

speeds becone tially separated in g.direction alqng said optical axis
wthin satd or PLisecelpdent Smtiartrraphiel 6 webdndpis SeSSudardertians.
electric f)h?io@lédgro?ﬁ'd%' dihér t&pé@%ﬁ%ctrbﬁs?&%rﬂiiﬁg 8hlthie RERCETIsTRS f
direction of said optical axlis. 15. The apparatus of any one of clainms 13

to 14, wheadiation heamg¥hand objechil@. drift chanber in said direction of said
optical axis is between 20 and 100 cm 16 16. The apparatus of any one of

O oo be: ORIRE RS ohi5h SRS TE Royb R hs 81 eRg. =2, ¢
16, wher eR26 rsay He &ledticdliygaséd relative ® eisiect 16 nRLIsdd skectfoheendiiteg el enent .
é?éng Ete aPrgﬁ{ gtt)jlégt ’? é a?len %lhuosneextgcté:é ging%ccl;glewceé %y (;At'i}eeétﬁ/ienleﬁg IZ% tg\?ngdesCt 'ng

detector 34. A low potential difference between object 16 and object lens 26 may

be advantageous to keep the kinetic energies of the pulsed electrons low. Thus,

for example, object 16 may be biased to a voltage ranging from —100 to —20

volts, while the electrodes of objective lens 26 are grounded. Where the

potential difference between object 16 and objective lens 26 is low, it may be

advantageous to use an objective lens 26 as illustrated in FIG. 3. To operate

such an objective lens 26, an electrical current is run through coil 48 to energize

electromagnet 44 and thus generate the desired magnetic fields in objective lens

26. The magnetic flux flows around within iron casing 46 and through opening 50

to tapered tip 40.

Advantageously, the magnetic fields help collimate the emitted electrons,
reducing the dependence of their subsequent transit times less on their initial
angle of emission. Conveniently, a mixed field objective lens may give
significantly lower on-axis chromatic and spherical aberrations in the final image

_than a purely electrostatic or purely magnetic field objective lens.



IS positioned between said drift chanber and said focusing element. 19. The
apparatus of any one of clains 12 to 16, wherein said correcting elenent is
integrated with said focusing el enent. 20. The apparatus of any one of
claims 12 to 19, further conprising a source for energizing said object to
emt said pul sed electrons. 21. The apparatus of claim 20, wherein said
source is a radiation source. 22. The apparatus of any one of clains 12 to

21, wher oi n Saflol GG OBRLHTE or 28 YR PLIbESs uiat ard h6 BRRREALYS ©F any

one of clains rern said’lens conprises a nmagnhe
The appardaéﬂm:t@‘lst@nyatonaanchnaerrmlftLéhambéﬂzsleriﬂ charrmmsl raapalsobe! ect ron

det ect t S, 25. Th f f cl 2 t 23,
0oL S e ciog ep M BPon 8 il o o ik ©

appar at ct e
00 e g 1 Ao ST o g

drift chabﬂiweengmaﬁdﬂoﬁr\bd bet ween sai d objective | ens and one of said one
or nore projector |enses. 17

Since the potential difference between object 16 and drift chamber 28 is
low, pulsed electrons entering drift chamber 28 will have low kinetic energies.
Consequently, pulsed electrons travel at low speeds within drift chamber 28.
Because the pulses are well separated from each other and electrons having
different kinetic energies travel at different speeds, a pulse of pulsed electrons
drifting in drift chamber 28 gradually become spatially separated along optical
axis 20. Faster electrons will exit drift chamber 28 earlier and slower electrons
will exit later. Workable time separation for a single pulse can vary from several

to tens of nanoseconds in a typical configuration.

After exiting drift chamber 28, pulsed electrons will gain or lose kinetic
energy depeﬁding on the electric field along optical axis 20, as influenced by the
electrical potential difference between drift chamber 28 and projector lens 12 (or
12). If drift chamber 28 has a higher potential than that at lens 12(or 12’), pulsed
electrons will lose kinetic energy. If drift chamber 28 has a lower potential, pulsed
electrons will gain kinetic energy. The larger the difference, the larger the change
in Kinetic energy.

In any event, electrons eventually arrive at projector lens 12 (or 12’).
Electrode 14 modulates potential at lens 12 (or 12’) by several volts within a few
nanoseconds using existing technology. As the voltage changes over time, the
arriving pulsed electrons will gain or lose energy differently depending on when
they reach projector lens 12 or 12’, effectively varying the focal length of
projector lens 12, For example, if the potential at lens 12 (or 12’) is higher than
at drift chamber 28 and increases over time, those pulsed electrons reaching
projector lens 12 (or 12’) earlier will gain less kinetic energies than those

10



28. The apparatus of claim 26 or 287 wherein said objective |l ens has an
openi ng between 0.05 to 0.2 mmfor allow ng said pul sed el ectrons to pass

t hrough. 29. A method of imaging an object, conprising: illumnating said
object to emt at |east one pulse of electrons; directing said pul se of

el ectrons along an optical path through a lens, towards a target to form an
I mge of said object at said target; spatially separating electrons within

sal d pul S&aéHing TRERISHE CAS tnddiihiat GirVRY 4riEPRAW RigheP ik kirkdticd e} ectrons
reach sai ens; varying the tocal strength of sai ens intime to
conpensatenefgiesvthei spread in kinekic eaergy ismedgcaxt Thus,ritlis\pabsidle tmes of sai d
electrons in said pulse, there reduci t hromati c .aherration in said
Cmge. _sgnoRMEE BeREIEER o Bermderoinrotins 3 B taPDrner BT ERoar y1 ng
an el ect fjh KirkcBerdibs 3 15 bisbaectiths d¥brbleRfr1bAé TREBRNGEHeack oF _use
in an el ectron em ssion m croscope, conprising: an electrode, having a

cont r ol | abremptic aheiratiof oy thesfiopined imagegf abjeci riBeziin e edditedons arri vi ng at
said el ectrode, and thereby the focal strength of said |l ens. 18

CACLAY. A A A(LRALR, TaAl 2 ARY . Al RCGA 5 A, .

3y. AR A(f 2. Atﬁo_gle'gggﬁ}iﬁ?ﬁgjeégrﬁ generatoygf ée’c\:lfr}ﬁde 14 can be synchronized
with the radiation pulse 38. Each radiation pulse 38 triggers a cycle of voltage
change on electrode 14. In each cycle, the voltage may be varied to minimize the

energy spread in the electrons of a pulse traveling through projector lens 12.

As will be appreciated, drift chamber 28 may not be necessary if pulsed
electrons travel through sufficiently long distance, e.g. in a number of optical
components (not all shown), before reaching projective lens 12 so that there is a

sufficient separation in arrival time at projective lens 12.

To illustrate, the results of an example calculation is described below for
the following conditions: the initial energies of the pulsed electrons are from 0 to
5 eV, object 16 is biased to —100 V, objective lens 26 and projective lens 12 are
grounded, drift chamber 28 is biased to -75 V, the distance between object 16
and projective lens 12 is 12 cm.

Calculations show that the spread in electron arrival time at lens 12 is
approximately 6.28 ns. Recalling equation (2), the potential at projector lens 12,
or, the voltage on the electrodes of lens 12 (or 12'), need to increase by 5 V
within 6.28 ns in order to minimize energy spread at projector lens 12 (or 12°).
Many available fast signal generators can be used for generating this kind of
voltage change.

Since the arrival time at lens 12 (or 12’) is not linearly dependent on
kinetic energy (rather it is linearly dependent on velocity) and since the kinetic
energy of an emitted electron varies during its flight to lens 12 (or 12’), the

required change in potential at lens 12 (or 12’) for obtaining minimum spread in

11
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be controlled in different ways. For example, an electrlcally biased tube or plate,
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dynamically vary the focal strength of lens 12 (or 12’), thus keeping the focal

plane constant at the image plane. Similarly, in some situations it may be
possible to dynamically modulate the potential at the final projector lens by
changing a voltage on detector 34. Conveniently, modulating the potential of an
electrode at or close to lens 12 can be advantageous for reasons such as
compactness and ease of use.

In alternative embodiments, the bias voltage on drift chamber 28 can also
be varied in order to examine a particular part of the emission spectrum in more
detail. For instance, to examine the energy spectrum at around 200 eV, the drift
chamber voltage can be biased to around 200 volts lower than that of the object
16. This means that all electrons having initial energies below 200 eV would be
filtered (not entering drift chamber 28), while those having energies just above
200 eV will travel slowly through drift chamber 28 and have substantial spread in
transit time. Therefore, their energy spectra can be analysed in more detail by a
time of flight spectrometer. In addition, EEM 10 can be used to energy filter
emitted photoelectrons from object 16 by selectively detecting them in time at the
image plane. The detection system can operate by capturing information within a
small time window that can be preset to any point in the detection cycle. Since in
the time of flight spectrometer, the detection time directly corresponds to the
initial energy of the electrons, time-windowing therefore effectively energy filters
the captured image.

As can be understood, EEMs 10 or 10’ may have alternative and
additional components for proper or.desired operation, which are readily
appreciated and understood by those skilled in the art. For instance, alternative
objective or projector lenses may be used. One or more projector lenses may
also be added between objective lens 26 and drift chamber 28, between drift
chamber 28 and projector lens 12, or downstream of projector lens 26. [Further,
where multiple lenses are used, the potentials at more than one lens may be
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apparatus similar to EEM 10 or 10’ detector 34 may be removed and the focused

emitted electrons may be bombarded on to a target so as to engrave an image of
object 16 on the target.

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 appreciéte that many
modifications are possible. The invention, rather, is intended to encompass all
such modification within its scope, as defined by the claims.
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1. A method of imaging an object, comprising:

illuminating said object to emit at least one pulse of electrons;

directing said pulse of electrons along an optical path through a lens, towards
a target to form an image of said object at said target;

spatially separating electrons within said pulse in dependence on their kinetic
energies, before said electrons reach said lens;

providing a time varying electric field along said optical path remote from said
object, said field varying in time so that the amount of energy provided to
individual ones of said electrons in said pulse depends on their spatial
separation within said pulse, thereby reducing energy dispersion in said

pulse at said lens and reducing the chromatic aberration in said image.

2. The method of claim 1, wherein said providing comprises varying an electric
potential at said lens.

3. The method of claim 1 or 2, wherein said varying an electric potential
comprises varying said electric potential to increase in time, in synchronism

with said pulse.
4. The method of claim 1,2 or 3, wherein said lens comprises a projector lens.
5. The method of claim 1,2, or 3, wherein said lens comprises a magnetic lens.

6. The method of any one of claims 1 to 5, wherein said target comprises an
electron detector.

7. The method of any one of claims 1 to 6, further comprising providing an
objective lens proximate said object to magnify said image.
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109%&' () -! ql sorhp¥iges padsihg Baldpulse of electrons through a drift chamber positioned
between said object and said target.

9. The method of claim 8, wherein the electric field in said drift chamber is

substantially zero along said optical axis.

10. The method of claim 8 or 9, wherein said drift chamber has a length between
20 and 100 cm along said optical axis.

11.The method of any one of claims 1 to 10, wherein said pulse of electrons
proximate said object has a length less than 10 ns.

12.An apparatus for imaging an object, comprising:

a lens for focusing pulsed electrons emitted from said object and directed
along an optical axis to form an image of said object at a target, and

a correcting element positioned remote from said object, said correcting
element electrically biased to a Voltage for correcting the kinetic energies of
electrons passing through said lens, said voltage variable in synchronization
with said pulsed electrons for correcting the kinetic energies of said pulsed
electrons in dependence on arrival times at said correcting element.

13. The apparatus of claim 12, further comprising a drift chamber positioned
upstream of said lens and said correcting element for allowing said pulsed
electrons to drift so that said pulsed electrons travelling at different speeds
become spatially separated in a direction along said optical axis within said

drift chamber.

14. The apparatus of claim 13, wherein the electric field in said drift chamber is

substantially zero in said direction of said optical axis.

15. The apparatus of any one of claims 13 to 14, wherein the length of said drift
chamber in said direction of said optical axis is between 20 and 100 cm.
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New"h Roojg B L WBLAREBIERY bne of claims 14 to 16, wherein said correcting element
is positioned between said drift chamber and said focusing element.

19. The apparatus of any one of claims 12 to 16, wherein said correcting element
is integrated with said focusing element.

20.The apparatus of any one of claims 12 to 19, further comprising a source for
energizing said object to emit said pulsed electrons.

21.The apparatus of claim 20, wherein said source is a radiation source.

22.The apparatus of any one of claims 12 to 21, wherein said lens comprises a
projector lens.

23.The apparatus of any one of claims 12 to 21, wherein said lens comprises a
magnetic lens.

24.The apparatus of any one of claims 12 to 23, further comprising an electron
detector at said target.

25.The apparatus of any one of claims 12 to 23, further comprising an electron
spectrometer at said target.

26.The apparatus of any one of claims 12 to 25, further comprising an objective
lens proximate said object.

27. The apparatus of claim 26, wherein said drift chamber is positioned between

said objective lens and one of said one or more projector lenses.
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28. The apparatus of claim 26 or 287 wherein said objective lens has an opening

between 0.05 to 0.2 mm for allowing said pulsed electrons to pass through.

29. A method of imaging an object, comprising:

illuminating said object to emit at least one pulse of electrons;

directing said pulse of electrons along an optical path through a lens, towards
a target to form an image of said object at said target;

spatially separating electrons within said pulse in dependence on their kinetic
energies, before said electrons reach said lens;

varying the focal strength of said lens in time to compensate for variations in
kinetic energies of individual ones of said electrons in said pulse, thereby
reducing the chromatic aberration in said image.

30.The method of claim 29, wherein said varying comprises varying an electric
potential at said lens.

31.An electric/magnetic lens for use in an electron emission microscope,
comprising:

an electrode, having a controllable potential for varying energy imparted to
electrons arriving at said electrode, and thereby the focal strength of said
lens.
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