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Scanning electron microscopes are used in many applications that require inspection of
very small structures of an object in great detail. Some of these applications include defect
review and inspection of specimens such as very large scale integrated (VLSI) circuits, or
wafers, or other articles, critical dimensioning of features in these specimens and also design and

20  process verification of the specimens. Scanning electron microscopes are considered superior to
optical microscopes for viewing features in sub-micron dimensions, currently about 0.2 pm
(lpm = 10® meters) or less, due to the short wavelength that helps the scanning electron
microscope to generate a small spot size. Scanning electrons microscopes typically employ an
objective lens system for focusing the electron beam onto the specimen under examination.

25 A scanning electron microscope typically includes a primary electron beam source, an
accelerating anode, an objective lens for focusing the beam onto the specimen, a plurality of
deflection units that enable the positioning and scanning movement of the primary beam over the
specimen, and a detection system for capturing secondary electrons (SE) or backscattered
electrons (BSE) from the specimen to produce an image of the specimen. In some cases a

30 condenser lens system is used to provide a focused beam for the objective lens system. As
known to those skilled in the pertinent art, the electron beam source generates a supply of

electrons for the primary beam. The condenser lens system, if used, forms an image of the
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objective lens arises from electrons of different velocity experiencing different focal points for

the same lens. This effect creates a disk of confusion at the image plane on the specimen and

limits resolution of the system. Both electron-electron interaction (space-charge effect) and

chromatic aberration are reduced by using a higher energy electron beam. Second, it is difficult

20  to achieve high secondary and backscattered electron capture efficiency with a low energy
primary electron beam source. If a multi-channel plate is used, there is a severe reliability
problem due to contaminants collecting in the holes (channels) of the plate.

As stated above, spatial resolution of current low voltage scanning electron microscopes
is essentially limited by the chromatic aberration of the objective lens and by the electron-

25  electron interaction, or Boersch effect. One way to improve the spatial resolution is to reduce the
electron-electron interaction by using a high-energy primary bean which is subjected to a
retarding field. Another way to improve spatial resolution is to use a snorkel (center pole)
magnetic lens to reduce the loss in resolution due to chromatic and spherical aberration.

Conventional retarding field scanning electron microscopes which are equipped

30  with a snorkel magnetic lens, a retarding electrostatic plate and pre-lens double deflection units

are currently used for critical dimension measurement, defect review and defect inspection
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15 SUMMARY OF THE INVENTION

A scanning electron microscope having a swinging objective retarding immersion lens
electron optics focusing, deflection and signal capture system is disclosed herein that overcomes
the drawbacks discussed above with regard to prior art objective lens. Specifically, the objective

20  lens system of the invention converts a high energy primary electron beam to a lower energy
electron beam at the specimen to minimize damage to the specimen. It also has relatively high
resolution for clear examination of submicron features. Moreover, a scanning electron
microscope, in accordance with the present invention, provides a relatively large deflection field
to reduce the time to fully examine the specimen and includes a detection unit to more efficiently

25  capture secondary electrons (SE) and backscattered electrons from the specimen (BSE).

One aspect of the invention includes a Swinging Objective Retarding Immersion Lens
(SORIL) system for examination of a specimen including a a magnetic lens for generating a
magnetic field in the vicinity of the specimen to focus the particles of the particle beam on the
specimen, the magnetic lens having a central bore through which the particle beam travels; an

30 electrode for providing a retarding field to the particle beam near the specimen to reduce the

energy of the particle beam when the beam collides with the specimen; and a deflection system
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t he focusedAvaadvarthge ¢fcsainh avpstemietat dloyeensegintioam 280V tr B40p¥) elgetron
microscope having such a lens system can scan a larger field (from 500pum to 1000pm) while
maintaining a small spot size (from 0.05pm to 0.1um in diameter) and a collection efficiency
with an approximate range of about 85% to 95% for secondary electrons SE and back scattered

20  electrons BSE for increased resolving power of features of the specimen.
Another advantage of a such a system is that a high current primary beam is provided
along with a lower energy primary beam at the site of the specimen. This improves the quality of

the signal that is emitted from the specimen during its scan.

These and other features, aspects and advantages of the present invention will become
25  better understood with regard to the following description, appended claims, and accompanying

drawings where:

BRIEF DESCRIPTION OF THE DRAWINGS
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15 DETAILED DESCRIPTION

Figure 1 illustrates an embodiment of a scanning electron microscope 100 in accordance
with the present invention. In this embodiment, the scanning electron microscope 100 comprises
a particle beam source 102 with virtual source point 104 (i.e., the effective source point for the
20  particles), an anode 106, an objective lens system 112 having a magnetic lens therein and a
plurality of deflection units 120a-120e. For reference purposes, a beam axis 109 is defined as the
line connecting the particle beam source 102 to the specimen 122 and is designated the Z-axis,
the X and Y axes defining a plane transverse to the Z-axis.
The magnetic lens includes material 110 and exciting coils 115 for providing
25  magnetomotive force to a magnetic circuit having field lines through the magnetic material and
between the pole faces 116 and 114. The central bore of the magnetic lens has the shape of a
circular bucket which is axially symmetric about the Z-axis. At the place where the primary
particle beam enters the lens system, material 117 forms a beam-defining aperture 125. This
aperture determines the size of the beam allowed to enter the objective lens system and in one

30 embodiment confines the beam diameter to a range of about 20 um to 200 um. A lens aperture at

Page 5



Fig. 5 shows a schematic diagramillustrating the various control voltages
used in the operation of the lens system Fig. 6Aillustrates the

x- di mensivamod/es2sgef | ecti on of the beam spot within the sceew/isel2doss 10 Fig.
6B il lustrates the y-dinension for deflection of the beam spot within the
scan field; and Fig. 7 illustrates the trajectories of secondary el ectrons
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poi nt where the primary particle beamexits netic lens is
ci r cunspedimenl 1B tophsl studieds d'ypically, the specimen is a semlconductor wafer having feature

sizes of about 0.05 pm to 0.20 um or larger.

15 Fig. 2 shows a cross-section view of the objective lens 112. Magnetic material 110 and
exciting coils 115 form a type of magnetic lens called a side-pole lens. The side-pole magnetic
lens is preferred because it has improved capability in reducing the chromatic and spherical
aberration typically associated with other types of objective lenses and is better at extending its
field below the lens aperture and through the specimen 122. In the side-pole magnetic lens,

20  material 110 is shaped to form ring-shaped pole face 114 and circular pole face 116 between
which the magnetic field lines 128 connect pole face 114 and 116 to complete the magnetic
circuit. This produces a magnetic field 128, which field is designed to extend through deflection
unit 120e and specimen 122 in its path to pole face 114 as shown in Fig. 2. Accordingly,
specimen 122 is said to be immersed in the magnetic field of the lens. Material 110 is preferably

25  iron, iron alloy or other high permeability material for providing a low reluctance path for the
magnetic field generated by the exciting coils 115. The goal of magnetic lens 110 is to generate a
magnetic field with a large component perpendicular to the Z-axis for converging lens action
above the specimen and to have the magnetic field substantially parallel to the Z-axis at the
specimen.

30 As discussed above in reference to Fig. 2, material 110 is shaped to form a bucket-shaped

central bore which is axially symmetric about the Z-axis and which provides a place for locating
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from t he wpaaismess duri ng the 5 scanni ng operation di scussedThsboo4Det ect or
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which causes the particle beam to reduce its energy before colliding with the specimen. The field
produced from the charged specimen is called the retarding field and is discussed below.
Deflection units 120a-120e are designed to deflect the particle beam so that the specimen
20  can be scanned by the focused beam. Referring to Fig. 3, each deflection unit 120 is shaped like
a flat circular cylinder having a circular opening and a plurality of conducting segments 126a-
1261 around the opening. Separating each of the segments is an insulating radial barrier 127
formed from the substrate material of the disk. In one embodiment, conducting segments are
made from conducting metal, such as copper or beryllium copper, and the substrate is a ceramic
25  material such as approximately 95% to 98% alumina. In the preferred embodiment, the
deflection unit ring includes twelve separate conducting segments. The various segments are
grouped together and the group is tied to a variable voltage driver. In this embodiment, there are
4 groups each comprising 3 segments. Two of the groups control deflection in the X direction
and two of the groups control deflection in the Y direction. By controlling the voltage of these

30  segments the particle beam is deflected away from some segments and towards other segments in

a precise manner permitting accurate deflection of the beam. The four groups of 3 segments is
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speci men. 30 As di scussed above in reference to Fig. 2, material 110 is
shaped to form a bucket-shaped central bore which is axially symetric
about t hew@d-oaxrsizs@nd whi ch provi des a place for |ocating PEagSIB2XN3
03/081286 PCT/ US02/ 22045 the deflection units 120a-120d within the
magnetic | ens. Each deflection unit has a different dianeter and fits at a
particul ar position along the Z-axis wthin the bucket-shaped space. For

th ' hs th
| ar godoteRel 06 bl SIBORGLF Bl oL S LRk Okt emehna | 1
Def | ecfoungroups &f fivdOsegments Qmmmfsb dDhetfiret afermativapf foup cgfcmpp bt Sepfeatsd

t hi f ot t f f tl
Def | et dpRERES A A Gt B Makiedhe L dERogRmtel hisbt ¢ he
parti Cég@ecpgﬁéﬁtﬁﬁl Thébedoh altGhaH BT oﬁﬁ%f%e%@@ﬁ&ﬁghaé e ARABy AL hAFENT S

an act bucket - shaped structure 118 hol'ds the deflection units I20a-120d
and t nherstareiovameny mdiidwal segindnty, ovhidhembkesicenstgictipe df pani dofficuly becausns

system i n ssenbly.easier. 10 Bel ow deflection unit 120e is the
speci rﬁfﬁ ‘iﬁ‘rﬁ% @ﬁﬁs?egg?:%chﬂag? ®Wositi oned underneath the deflection unit
120e and tC’In@c&’dhﬁ'&eﬂvﬁ%efp%é'ﬁllﬂ@arﬁbﬁt@ﬂﬁﬁséi’ﬁr tHAngiIAR Sroup®f ABGEEbhC | ens
is focused to produce a small spot on the specimen by varying the current

i n t heunatsd20a,rig0d end $20e1is dediggied fecthe aequratelydwt redativebr dawbspasitioping ofithense
field fo@uste?%e%%% LM grec1‘§@1b&ﬁt &ﬁg%ﬁ 5 n%ﬁm&l deﬁé)c'i!loﬁr fd {AndgRot at a

position clroser to creas ng cur causes t he beam

130t o Reforzge Fig 4atheRolingiig grodp of deleztibn nhiwacfanfdeﬁettnhé Bedph g2 alitfectNat
only is specinen 122 inmrersed within the magnetic field of the nagnetic

| ens bliald distanse B afaberA09aum imone yrssiamof tie invepfipr s sea09d setraf deflestionamnéts peam
to re%@%fanﬁ%z %rcﬁﬁlcgt%ﬁgé roﬁ%xh%glrﬁ]&e aﬁl@s%ﬂ?wé%&de% toﬁtﬂgbéﬁkodco er

pr oducé pecimen i's ¢ retar I Ng

di scusgfgdedEINW. by[Efvlrl&@é $ ¥ appid:lisateBOS0 R0 endihe afkash Geeted On tef pfiiont he
particle beam so that the SE cimen 20 can be scanned by the focused beam
Ref er rdetgymiredrygthe Sirst sefcf dgBeqtiopringp Jeanning soparformpd pr dwelliog ong paiggtfor a

ci r5‘3“' nogf(lg'uﬂ%%n RRVIrBG ot 1éils"oF G s CRIY, BV odn@hél Polrt Y Pfov? SPSUIEE' N

S e
and then repeating the scan operation for the next row until an entire grid of points covering the

area is scanned. In one version of the invention, a point or pixel size for this scanning is about
0.1 pm (100 nm) which means that there are about 500 pixels in each 50 um scan line and about
6000 pixels in the X or Y direction of the overall deflection field D. If the beam spot rests at a

20 position on the specimen for 10 ns then a single scan of a 50um line requires about Sps and the
scan of the entire S by S area takes at least 2.5 ms. In practice, an additional amount of time
(about 1 ps/scan line) is required for retracing the beam between each successive scan causing
the total time to scan the S by S field to be about 3ms (2.5 ms + 500 x 1 ps).

Deflection unit 120e is particularly important to improving the size D in Fig. 4 of the

25  deflection field over the specimen because it is closest to the specimen and in the retarding field
produced by the specimen. Thus deflection unit 102e will have a large effect on the position of
the particle beam because it is deflecting a beam with much lower energy than the deflection
units 102a-102d and it is the deflection unit nearest the landing point of the beam on the
specimen.

30 Fig. 5 gives a schematic of an electron microscope having an objective lens system in

accordance with the present invention. At opposing ends of the microscope are the illumination
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1261 around the opening. Separating each of the segnents is an insulating
radial barrier 127 fornmed fromthe substrate material of the disk. In one
enbodi mremQ oxrenelksct i ng segnents are rmade from conducti ngpeEUS2/22645Ch as
copper or berylliumcopper, and the substrate is a ceramc 25 nmaterial such
as approximately 95%to 98% alumna. In the preferred enbodi nent, the
deflection unit ring includes twelve separate conducting segnents. The

var i ouy%@g@@mﬁicﬂ&@;ﬁe&h&% € JirhQOSHPR p AR AR uBhO HB e Ehﬁxﬂlets(?)uf’ceyﬁﬁitﬂ@l e
In this e ac

;
vol t ag river. odinent, there are 4 groups conprising 3
segnentpeciiiewplahe 1 A2 Betoeps thesn two enddedndaatdrder startihgat thedllumaiation plama ciré wo

of the grou contr ol flecti in the Y direction. controllin e
vol tagélgeo?ccgﬁ?@é’é‘gﬁ‘og%g%ngga‘? ﬁ’iﬂnﬁéﬁgt? feg @éaﬁ} edectut F%‘etd@ﬂecék_ﬁ&y‘_“?‘%oféb?one
segment g2indoé,ae8 dsa h@'ﬁe&ﬁ&ﬂ?s”ltl% anfl defe®AGInKEI 2pRNNEr perm tting

accurate deflection of the beam The four groups of 3 segnents is Page 7
WO 93/ 081288 hediiwseeion 20las: iprief ener endbediment| preferably \wharged 4o gre petentialsat h

as four_qgrou of nts. (eight..segments) and .four .groups,of. fiv

< egmoneBPPSHRLeS K YT Priirtye oL e BERRE O vl s A0 d SRR plage 06,
segmentwhichigehirged €& grMBramiEsReithRt THRI @iagél diff@éfce ebrdeftHE IRGhiRkIMElahd1e
unit difficult to control for high speed operation. The second alternative
of fouengths@pedoplane provides ihencselrepting petegtialday thetelesironhemitedifinm thegourcewo
many i pgi.yi o | Q. O ' REYI
pecaus Ol b BHP M auol it 4P Gitef SERbREILARNTIoR Wecifh vlls A2EH,

t he0 pr essahingiin\wandlearon watdlémpth sEhbat 0:EWha@ingerg (D wpi=10f detispdiitldrEa Uni t s
120a, 120d g\ d .120e is dedjca ed_%&é& he accurately but relatively slowy
posi t i GHYY gPplfq%éhe?CGE]ﬁé"é’&gﬁ H - a precise point on the specimen

within the : [ [ : : | ' i
SW ngi ng gr ggi&%}é h dlg? I %‘c@%gsﬁg%ﬁeg gpl%:ﬁﬁ %%‘%9%?? Eﬁgéﬂg)a%?%g)g?naééaefl IIPE(\:/t |Ioon
field dicgteaamctar@ingffiekbButth@06) ai¢ld imte oppositodiration te thenaceeltrating fialdsEx tind

set of %@%I %%tion uni ts .1203) and 120c. i s dedhil%ted to producing a nore
rapi d SEERITRG IR S PPy (RsaBeLier fmagsEPIth e SPEEICP3, S by S, where S
| S1&pproxi Mekefldtnke APelepdifhglanBd ] ®ParidSa §&BHET B 2B thdWoaRPBlakliAg ?lates 108
determ ned by the first set of deflection units. Scanni n%ll s performed by

dwel | i mdpichirare usest tor swignh the primary beam on and off. Proximate to the blanking plates 108 is

the annular detector for collecting the secondary and back-scattered electrons that are produced

when the primary beam collides with the specimen. The annular detector derives an electronic

signal from these collected electrons, amplifies the signal and sends the amplified signal to an
20  imaging device for ultimate viewing by the operator. ,

Between the detector and the specimen plane are the deflection units 120a-120e. In one
version of the invention, the average potential of each of the four deflection units 120a-120d is
ground which helps to maintain the initial beam energy as the primary beam travels through the
deflection units. To deflect the beam the ring segments are grouped as discussed above and each

25  group is driven by a driver. In the preferred embodiment there are four drivers 136, 138, 140,
142, one for each of the four groups. Two drivers control the X direction of deflection and two
drivers control the Y direction of deflection. In one version of the invention, the drivers drive the
X groups differentially and the Y groups differentially. By altering the potential of these groups
above and below the average ground potential, the beam is deflected a precise amount in a

30 particular direction while maintaining the average potential of the unit at ground. The field
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15 period of time (on the order of tens of nanoseconds), noving to the next
point in a row of points and then repeating the scan operation for the
next rowwmbi/ésizes entire grid of points covering the arerCi/sS®eamsed. | n
one version of the invention, a point or pixel size for this scanning is
about 0.1 m (100 nm which neans that there are about 500 pixels in each
50 mscan line and about 6000 pixels in the X or Y direction of the

over al | ' £ LT £adM; regt . -a-20 00811 Lon: on_f he
speci rréérll orlﬁg%lle (r)fis%ﬂte%tgénlpga 1 sllg rfafr@?esxtgan o? Q%Eglg%ﬁl tl%ngﬁ?lglcﬁ%“l P{e%sﬁ{gtggg%ho sognd
the saberratibng heo drtbeam vhdnydeBeatingahe pkemryabedneast 2.5 ns. I n practice, an

addi ti onal ng, of tine .(about 1 s/scan line) is required for _retracing
The. beam bei R dATecion Wil ke Fpeess i eCSREEI Platgandotnafe reaing, AEldr, the S

by S f 'bﬁarge& % RepstbRidl RABdée’- éotrfﬁlbaaé%lgx alterSthis Befd BF1 in0Bnd! Vietsioh? 8L the
| he sSize D f the 25

particulafFly 1nportant to Inproving t In Fig. 40

def§ ecinventidn, ¢heddefleetion trat §3keds plargdcanrmerage potentiklcbatgs negativée eelatped tian
and in the retarding field duce th ci,nen. Thus deflection unit
To2e whieemEn ease i pahErPes B il rOCY e RoRR R AR R coghy TebPe R because
it is defl eqVhdnGl@tdngeach it dPecithenPMic 1BBiIR Al Hath th farfkeldfaBbitas0 d\nid S
102a-102d and it is the deflection unit nearest the |anding point of the

beam oh5@heV, witkd Ke¥rbeimpa hipigal BalyeJinergies hibirarange dfoididarapgectortbhspecimen
m cr OSBQtpc%u%taé’r{ Al B%"vgfehg&l it. %Sraﬁgééﬁarﬂoh{‘o.0??&@’.&9%Hfzﬁ dtd dodchflg present
i nvent 1’ on. oppost ng ends he” meroscope ‘are the 1'1Tunm Hat 1 on Page 8

WOL @3/ 08128814e(mp/ tHEQR N2 (5urit ape: i3the rotirding it ghenttbe Héfecvibn tunitl 129eud ce
poi nt of electrons fromthe particle source and the specinen plane 122.

Bet weeBreahdaa of indlugniecovah the; tralestieyrof Sheprimary beam brsanse| theprmarobrapm eieedar e
(e, SRRt 41085-3Rorhe ALY S Bhed O, oL Fben
def | eciticam helpito a&ﬂﬁa&clﬁpo’ﬁh@nitm hetirmat/érca”selrlcsz!dearézsof the spmﬁneminmm torelnd rapid
o f er bl oo 920 1.l ont 8 ol ARl Gl R Sl A, RO L £ L2, e
thes gr uidingotfRIY 1 ld- allnef vkt 8@er HbkhafiGiiC §ciemABE Nastipfatisrh UahdaddrRd) B ane
approximately 10 nm, which is sufficient for viewing feature sizes in a range of about 20 nm to
200 nm.
Fig. 5 also illustrates that magnetic field lines from the magnetic lens are present in the
retarding field Er arising from the specimen plane. The reduced energy of the primary beam
20  needs to be taken into account when determining the strength of the magnetic field needed to
focus the beam on the specimen.
Fig. 6A illustrates the x-dimension for deflection of the beam within the deflection field
by the deflection units 120a, 120d and 120e; and Figure 6B illustrates the y-dimension for
deflection of the beam within the deflection field by these same deflection units. Thus these
25  figures illustrate the trajectory components Xm(z), Ym(z) of the primary electron beam when
deflected by the deflection units 120a, 120d and 120e.
As a starting point to achieving a large deflection field, it is preferred that the voltage
strength Ed and deflection distance r(z) for each deflection unit meet the first order Swinging
Objective Retarding Immersion Lens (SORIL) criteria:
30 Ed =k["2B'(2) 1(z) + B(z) 1(z)/z] + 20" (2) r(z) + ¢'(z) r(z)/z
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and the anode pl ane provides the accelerating potential for the electrons
emtted fromthe source. Once accelerated the electrons gain an energy of
appr oxi mnawebyogi2¢¢ el ectron volts (12KeV) 10 resulting in pOT/@S&ri2n4n

wavel engt h of about 0.01 nanoneters (1 nm=10-9 neters). Field Ea in Figure
5 depicts the accelerating electric field. Specinmen 122 at the specinen

pl ane position is charged to approximately -11KV to create a retarding

field Er, t : | elid i | e di ' to. [
field En to tPmhBds MEUEAHE felfoRRashifintine pERLAIO! Ol 3 GEEELEAT A0,
speci mepticdl axBd7 vz té peodace elgiveatdefigetionpele) ikGhe aadial alefle¢tint distadcd4ran ehé he
beam bl_anki ng pl ates 108, ich are u .to switch the primay beam on and
of . PAoR¥IHdY aeg’tnatl%%tl fgﬁtaﬁffa%nqﬂhataé@, @@S ig Be Hagact Ay dinstselobedie grcal
col | ecty o) I; . ar : . r=Qgdu

when t Anet IR, BREQSONAY R GLARKT ROShAMLGE o SRREATRGS Wl 3t B RE B

der § vedliffotertiatioh fathi respesi @ngle{2)dsntiehessndosrdbediffettntihisr withsespadtb izf Bqg) t he
signal and sends the anplified signal to an. 20 imaging device for ultjmte
vi ewi nds by first ordep diffgrentiatiga wigeigspasktoze aad k oy a s@mstqngé) Ry &I Be requirad upite

t he de%x‘?&eﬁéi&’ units 120a-120e. In one version of the invention, the
average potential of each of the four deflection units 120a-120d is ground
whi ch hel ps Beocauseiitlie déftectibee field $tremigthbfranmn e@neigypeaificdha equaticar ¥ ohBaimchiday el s
through the, deflection units. To deflect the beamthe ring segnents are

gr oupe &St Ordsr STMS L ACTXBRR HAGING RO 505 dgesRpining ﬂ@?ﬁ%ﬁtrwt negded far a giKen he
prefer aeﬁ%c%mpﬁbm, édesriﬁ%ragof,q% safs'ﬁx&rtﬁTrlgﬁaey &3Bpe Q. orderdhd Jggfoidef

each of the four groups. rivers contro X direction o ectlon
and t webertatione tes theqrimaly behm causéd by theodefletticke thi.cTo amininiizve onelimerats theseof

the i tion, th ' ri.ve. the X. | ff dall. d the Y

ar oups P SREh ERSTg 3 onlrRiey ' Rt et e TP RBUB TR R ORGP and
bel ow bheuanatAGRtHSRUSHdRRARter dnl8edl@3BmhAin@RY 1he Ciredlas stibe of 8RR BwiaRtNt
in a 30 particular direction while naintai nlgg%the average potential of the

uni t ast gasigpwn deflestipn &lom thedgaxis Refegtprenitsgle OpCR0dsh2exa0l Beeting Ear has n
}[ E ? gg%lcffrlgté Ar{)%g?)}f&la&oﬂ, St ?JE%{h%%S t& Bgodillt?e gagli&eﬂl zﬁltl&ﬂlt to? dghgétmnzt%r E)QStioning the
particle beam within the deflection field D x D over an area S x S to be scanned (FIG. 4). The
amount of deflection contributed from each unit may be different for each unit and each unit is
separately optimized. Deflection units 120b and 120c, each meeting Eq. 1 as a first
approximation, act together to produce the deflection needed for scanning the particle beam over
20 anarea S x S (FIG. 4). Deflection units 102b and 120c are designed to permit rapid deflection of
the beam over the S x S area while deflection units 120a, 102d and 120e maintain the position of
the beam within the D x D field. The combination of positioning (or slower moving) deflection
units and rapid scanning deflection units separate from the positioning units yields the large
deflection field (D x D) while still retaining the capability of rapid scanning of a subarea of the
25  deflection field.

Fig. 7 illustrates the trajectories of secondary electrons SE, generated by the primary
electron colliding with the specimen. Because of the retarding electrical field Er, the secondary
electrons will be accelerated to the energy of about 11 KeV. Most of these electrons are collected
by the annular detector, which uses a PIN diode or other electron capture device. The size of the

30  aperture of the annual detector is crucial. An aperture that is too small is easily contaminated

and adversely affects the primary beam. An aperture that is too large decreases the collection
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aberrations into the beam when deflecting the primary beam The deflection
unit 120e, closest to the specinen plane and in the retarding field Er, is
charged twoa3/qgsatssnti al t hat does not substantially alter pai/gsézeba Er. In
one version of the 5 invention, the deflection unit 120e is charge to an
average potential that is negative relative to the specinen plane and in
the range of about -200 V to -3000 V relative to the specinen plane. Wen

el ectr : i

250 o b EED e BoaRER FR{MENAERH HichioRhh Bhe kiebfinlcht (hOBEEH atolid
range #vamiledimrbegwedno).8 Imansm)éct] manin diarhetern lis en@embodimeas ¢hd secovalaey elegitrdn i n
the range of abqut 0.03 to 07 nm at .the_ speci nen 1% g]ac' the

Hor 1 coSEaAUr Re0R) Py thecTtes scagiang if frethg r@ﬂ&?g)? abpt 83¢% 10ePon unit 120e
a oreat dealimghel ihe Pv@seﬁﬁnoaﬁfronw@béei@dee&maxn s o€ slfercmewbo%ﬁaéntp §ERUSE

the primry beantenergy has been reduced to approxinmately
Furd heaMmt@bwat@@raﬁons agd prodifications thereohwilbpedoubt hecame tcm)arehmoghom

t t Az I d t
her apria BaR s T DRerctB ARGy RafB 58] Sun blifndhe o G Rttt
wi deni Bgchtetafidnd SRNMEEFichQorishie fAlls wieia ik thg pidd hdaBshedfith@invémonot her
aberrations (chromatic astigmatismand coma) is approximately 10 nm which

is sufficient for viewing feature sizes in a range of about 20 nmto 200
nm Fig. 5 also illustrates that nagnetic field Iines fromthe magnetic

|l ens are present in the retarding field Er arising fromthe specinen

pl ahe. The reduced energy of the primary beam 20 needs to be taken into
account when determning the strength of the nagnetic field needed to

focus the beamon the specinmen. Fig. 6A illustrates the x-dinension for

defl ection of the beamw thin the deflection field by the deflection units
120a, 120d and 120e; and Figure 6B illustrates the y-dinension for

defl ection of the beamw thin the deflection field by these sane defl ection
units. Thus these 25 figures illustrate the trajectory conponents Xn(z),
Ynm(z) of the primary el ectron beam when deflected by the deflection units
120a, 120d and 120e. As a starting point to achieving a | arge deflection
field, it is preferred that the voltage

Page 12



strength Ed and defl ection distance r(z) for each deflection unit neet the
first order Swinging bjective Retarding Imersion Lens (SORIL) criteria:
30 BEd = Mjooraditss) r(z) + B(z) r(z)/z] + ~'/124"(z) r(z) +par/{g)2/n(45)/z
Page 10 WD 03/081286 PCT/ US02/ 22045 wherein Ed is the electric field
strength within the deflection unit and orthogonal to the optical axis
(Z-axis) to produce a given deflection, r(z) is the radial deflection

di stangg AN the Z-axis as a function of distance along the axis, B(z) is
the magnetic flux density along the optical axis of the lens, (Qz) is the
el ect r Wiladt ipdaierediissl on the optical axis, 4'(z) is the first order 5
differentiation with respect to z, 4"(z) is the second order
differentiation with respect to z, B (z) 1is the first order

di f f er @nAhaWiring\bBjBetive $@8fdin Mersﬁ)ﬂ%d‘s dyStem BPTLANE apAnRey p&tifletbREm
required units conversion. Because the déflection field strength from

criter f I . .ar

serg\/eshg%ﬁ%%s th ?"%&831(1#?&1‘?8&“}0 Q edﬁ@% ?%Sxfa}deﬂqe?aﬂ(arcgﬁé% h’%needed for a
gi ven efl ion ver n|f e is.satisfied ther

QITT popRy ?eaffalésr ing B S Fterc) leronn it S Ry hesHiendy brmephichiNh aused
by the deflection unit. To mnimze or elimnate these higher order

aber r athecinecimgn, @Eﬁ)’%ﬁ@&?@éﬁ“ﬂé required. Generally, this optimzation is
carried out by numerical nethods on digital conputer and seeks to maintain
t he ci rcul an nsdgaptec Ishs fongehmating amageeticrfield tethé erinitynofitho specheenzo dadus.

Defl ection units 120a, 120d, 120e each neeting Eq. 1 as 15 a first

appr ox tHegiairtidles Gfthe pagelk beimion the ssboliend thy iigdheAons havihg debhtegd bon f or
positioning the particle beamwthin the deflection field D x D over an

ar e@ SthtowgH RhRE 1RCHAGE bédrh Gavél);; The anount of deflection contributed
fromeach unit may be dlfferent for each unit and each unit is separately

o o BR Ele bl °t§’%%’ Hhéite o EQRMIREL Oy Boanfnldr ©F
h b 4 02b d
o anad ?ﬁ?ﬂ?%t%ﬁsfwﬁl & Shsay %éﬁ? Butifls eg Whandng BeAm QOLioy YiEh By s

area while deflection units 120a, 102d and 120e naintain the position of
specimen; and

a deflection system including a plurality of deflection units situated along the beam axis
15  for deflecting the particle beam to allow scanning of the specimen, at least one of the deflection
units located in the retarding field of the beam, the remainder of the deflection units located

within the central bore of the magnetic lens.

2. An objective lens system as recited in claim 1,
20 wherein the primary particle beam is an electron beam; and
further comprising a detection unit for collecting back-scattered electrons and secondary
electrons generated by the primary beam colliding with the specimen, the detection unit
positioned to capture the back-scattered electron and secondary electrons travelling

along the beam axis in a direction opposite to the primary beam.
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the beamwi thin the D x D field. The conbination of positioning (or slower
novi ng) deflection wunits and rapid scanning deflection units separate from
t he posi Wwons/esg28snits yields the large deflection field pO/xs®)22043i | e

still retaining the capability of rapid scanning of a subarea of the 25
deflection field. Fig. 7 illustrates the trajectories of secondary

el ectrons SE, generated by the primary electron colliding with the

speci ngn. : r -l ted L el . ry
ol eot 1 anATEAPHER 18s SYRE! S B HR BT, bbein bt Bl por DB LEFEAAETY e
el ectrops,are collected by the annular detector, which uses a PIN di ode or
ot her 8‘@3??§ﬁmﬁapture devi ce. The size of the 30 aperture of the annual
detector is crucial. An aperture that is too small is easily contam nated
and adversely affects the primary beam An aperture that is too |arge
decreases the collection Page 11 WO 03/081286 PCT/ US02/ 22045 efficiency
of t he 4sevoolyjestivedens shstein ascediteddn elazu fly whereinl the onagnetitent Isarside-pdie
detector aperture is limted to between 0.3 nmto 2.0 mmin dianmeter. In
ones enpgapindidlens.t he secondary el ectron SE capture efficiency over the
entire scan area is in the range of about 85%to 95% Although the present
i nvention has been described in terns of specific enbodinents, it is 5
anticipated that alterations and nodifications thereof will no doubt becone
appar ent Atou e%ﬁ%g end ls<}|'s¥e|n"? gs k@it%;h th Mk 1 Iv&he'ré%n lﬂ{éege%{r rbeor% bF Ea'i](?glg. rtugﬁtle she
fol | owhg PH e 58° P erpreted as covéring al SUch AY Perat | ons. an
nndificatLq s as falls within the true spirit and scope of the invention.
10 Pagé® 92 %Y@@P%i? t BEPH$2045 CLAIMS What is clained is: 1. An
SW ngi ng objective retarding i mrersion |lens systemfor focusing a prinmary
particle beam 5 and noving the focused particle beamon a specinen to be
exam ned and col l ecting the

10 6. An objective lens system as recited in claim 1,

wherein a first group of the plurality of deflection units deflects the particle beam to
position the beam at a starting position over an area to be scanned, and
wherein a second group of the plurality of deflection units moves the particle beam in a
scanning motion over the area so that an image of the area can be constructed.
15
7. An objective lens system és recited in claim 6, wherein the first group of deﬂectioﬁ units
deflects the particle beam to a starting position with a speed that is slow relative to the scanning

speed of the beam.

20 8. Anobjective lens system as recited in claim 6, wherein the deflection unit positioned in the

retarding field is included in the first group of deflection units.
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secondary el ectrons and back-scattered el ectrons generated by the primary
beam colliding with the specinen, the systemconprising: a magnetic |ens
for genemad b3igg1286nagnetic field in the vicinity of the speci/mso/2e4sf ocus
the particles of the particle beamon the specinmen, the magnetic |ens
having a central bore 10 through which the particle beamtravels; an

el ectrode having a potential for providing a retarding field to the

partiche h il : d

Parti oo B fiRlensalpas AR ARECRITD, fRAERHE Fk1Ry BPGEMGGH WhBF . o0
syste udi.n f defl ec ion u i tuated al on

s asBREER o Bk ot S B e T shE R bel L RS i lfiehS™
speci nen, | east . one of the deflection .units located in the retarding
field &mttﬁ%s f the partiglegiewa pUtSE 19 ISR UascaeBsy Qirine Bariske Jeam wnlerthe n
the central bore of the magnetic lens. 2. An objective |ens system as

r eci t etieam travels throughotbe gprgrabboret he primary particle beamis an el ectron
beam and further conprising a detection unit for collecting back-scattered
el egtrons and secondary electrons generated by the primary beam col liding
with the specimen, the detection unit positioned to capture the

back- sqgtAﬁbgﬁc@,ﬁe@hg@gte@pg R&fnd@laims),ectrons travel ling along the beam
axis in a direction opposite to the prifary beam Page 13 WD 03/081286

PCT/ US02/ 22%%ret1§tt1e§!316t?éi’é 65k yo%rée%?i%eﬁl){tﬁﬁiggla?ﬁeg fj&ég aﬁlaﬁc! aim1, wherein

the primry par egamis an ron beam ]EC ive Iens system

as recited i cl.ai,m t he et netic
ans. 5. an et TS el Beoled RS giediehird bogn BRLF magpgtc
central bore of said magnetic lens is axially symetric about the beam
axi S. lens 1S mamtamed at average ground potentlal

10

11. An objective lens system as recited in claim 10, wherein the negative potential of the particle

beam source is about —12kV.

12. An objective lens system as recited in claim 10, wherein the negative potential of the particle

15  beam source is varied within a range of about -2kV to -35kV.

13. An objective lens system as recited in claim 1,
wherein the specimen has a positive potential relative to a source potential of the particle
beam,;
20 wherein the deflection unit located in the retarding field is maintained at an average

potential that is negative relative to the potential of the specimen.
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10 6. An objective lens systemas recited in claim1, wherein a first group
of the plurality of deflection units deflects the particle beamto

positi onw@e3/sdasn at a starting position over an area to ber/wseameds, and
wherein a second group of the plurality of deflection units noves the
particle beamin a scanning notion over the area so that an i nage of the
area can be constructed. 15 7. An objective lens systemas recited in claim
6, wherei AMs def. | ' . i cle beam
Lo a stari oot Bh bR MR ERHOD, WRbich FBhrB0 Bkl BRI 00 hg

speed of the bea 20 8.. An tgg ti lens systemas recited in claim®,
wher ei ﬁpqcﬁgelhlgflﬁlg)ﬁr%g? frdput %?@H’ ?n the retarding field is included

inthe first group of deflection units. Page 14 WD 03/081286 PCT/ US02/ 22045
9. An objective lens systemas recited in claim1, wherein the plurality of
deflection units |ocated wthin the central bore of the magnetic lens is
mai nt ail iedn abjeativedery gEenpas recitddah chiimHér whbmim thh eegative azerage pétentpe iof thel e
beam source to maintain the energy of the particle beamwhile the beam

tr ayel gefidetion@hitidia thepipabf yue-209 e -30000hj ective | ens systemas recited
inclaim9, wherein the particle beam source is maintai ned at negative

potential and wherein the plurality of deflection units |located within the
central bore of the magnetic |lens is nmaintained at average ground

pot ent i al 1.1&:1L. An ohjective lens;systemas recited in claim 10, wherein
t he negg‘t‘i“r\l/ 8158 Veenlf:rllsaﬁylg!c?fn ﬁ'nrgmﬁ)eéirl ic(l:all%sl’beam source is about -12kV. 12. An
obj ective | ens st.e s recited in claim 10, wherein the negative

po![ ential o™ Wi&’ %g?tﬁgcgpléunitll‘nasanaperture tlhroug which the primary bean? passes; and

wherein the deflection unit has a voltage strength (Ed) across the aperture and a deflection
10  distance (r(z)) that meets a first order swinging objective retarding immersion lens criteria:
Ed =k[2B'(2) 1(z) + B(2) 1(2)/z] + %2¢''(2) 1(z) + ¢'(2) 1(z)/z
wherein Ed is the electric field strength within the deflection unit and orthogonal to the
optical axis (Z-axis) to produce a given deflection, r(z) is the radial deflection distance from the
Z-axis as a function of distance along the axis, B(z) is the magnetic flux density along the optical
15 axis of the lens, ¢(z) is the electrical potential on the optical axis, ¢'(z) is the first order
differentiation with respect to z, ¢''(z) is the second order differentiation with respect to z, B'(z)
is the first order differentiation with respect to z, and k is a constant to perform the required units

conversion.
20  17. An objective lens system as recited in claim 16, wherein the deflection unit has a voltage

strength and deflection distance which are optimized to substantially reduce third order and fifth

order aberrations.
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15 beam source is varied within a range of about -2kV to -35kV. 13. An

obj ective lens systemas recited in claim1, wherein the specinen has a
positive wotoangi2zad rel ative to a source potential of the pamttisot/z204peam 20
wherein the deflection unit located in the retarding field is maintained at
an average potential that is negative relative to the potential of the
speci nen. Page 15 WO 03/081286 PCT/ US02/ 22045 14. An objective lens system
as reCi§9916H}ecqﬂv@'léﬂsjs§s?t§(‘8ﬂ€/wciit@%gxgglaﬂﬁ§' tive potential of the specinen is

in the range’of about V. 15. An objective |lens system as
recited in ¢laim ene tlve ve e potential of the 5
o | ect i on TP G Frtph bSie d i R §&ﬁns h33 g ke g aHey. 6. An
objective le s systemas recjited in m 1, wherein,a deflection unit has
an apert ur eVhef ’@dbﬁdGﬂﬁC&lﬁnPWés ]ﬁP?tﬁ‘bNtth‘éFrFﬁ‘&&% awgnetirdensypcar therfop phthe
deflection unit has a voltage strength (Ed) across the aperture and a

def | echucket hege dilargemdiamete( and) neahtie hostemsofith¢ budket asmialiershdmeemg obj ect i ve
retarding inmersion lens criteria: Ed = k['/2B (z) r(z) + B(z) r(z)/z] +
1/24"(z) r(z) +d (z) r(z)/z wherein Ed is the electric field strength
within the deflection unit and orthogonal to the optical axis (Z-axis) to

producg), @;rgét%{é‘dﬁv@ ¢dsQG4tbAs récitéd i Slafnd €, WGl tlfé%feht?eﬁtﬂo%ﬁhé hRpe&id IEﬁ)sm the
Z-axis as a function of distance along the axis, B(z) |s the magnetic fl ux

densi t I I [

pot eml.Yag% T G eaaﬁ%i ?'W o WPl ol Erceﬁ%aﬁg??%n

W th re ct to z, (HD) second ord]; differ ntlatl 8%@‘ respect
to z, Fos arertfpat é’% ec?ﬂf’?aé}‘ BAftFls heam St frercsa %‘ 0“? and k is
a constant to performthe required units conversion. 20 17. An objective

| ens spagnedicdensrecited in claim 16, wherein the deflection unit has a
voltage strength and deflection distance which are optim zed to

sulstantially reduce third order and fifth

20. An objective lens system as recited in claim 1,
wherein the central bore of the magnetic lens has a beam-defining aperture at a point
where the primary particle beam enters the central bore; and
further comprising a annular detection unit located underneath a point where the primary
15  particle beam enters the central bore, the detection unit having an aperture larger than the beam-

defining aperture.

21. An objective lens system as recited in claim 20, wherein the detectors have an aperture in the
range of about 0.3 mm to 2 mm in diameter.

20
22. An objective lens system as recited in claim 1, wherein the deflection units are electrostatic

deflection units.
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order aberrations. Page 16 WO 03/081286 PCT/ US02/ 22045 18. An objective
| ens systemas recited in claim1, wherein the central bore of the nmagnetic
| ens has wiObswokiess shape and wherein the deflection units Potaisezi22nii hi n t he
central magnetic lens near the top of the bucket have a |arger dianeter
and near the bottom of the bucket a smaller dianeter. 5 19. An objective
| ens system as recited in claiml, wherein the central bore of the nmagnetic

| ens l{jﬁﬁ%q&{ss t@x%a@?@éifeﬂéﬁcl%fmq point where the primary particle
e ore

beam ent ers centr ens aperture at a point where the

primary part xitsg the centr bore of the magnetic lens. 10 20.
An obj ecti ve rglﬁlse g%@‘ﬁ\dggecft@&l{néta"fcudefal m 1, wherein the central bore of

t he magnetic | ens i eam defi ning aperture at a, pqint ere th
primary particle? B@éﬁ\%ﬁf eandupting segRICRig €ag rsegm%lﬁa’emrm%%te%ﬁﬁrtm ISg

annul ar detection unit |ocated underneath a point where the primary 15
particamd beam enters the central bore, the detection unit having an

aperture larger than the beam defining aperture. 21. An objective |ens
system as reci t edsubtrate domsupPorting elieccondudtingdep@ents) the babseratrhagjngra hole i n
the range of about 0.3 nmto 2 mmin dianmeter. 20 22. An objective |ens

syst emgung&d betheicBndilcBhgsdgmeMieaR thrduR vilRéH e hﬁﬁé}u é&l@le%ﬁn asses; and
el ectrostatic ‘deflection units. Page 17 WD 03/0 CT/ Us02/ 2045
wherein a voltage is applied to at least two of the segments to deflect the particle beam

traveling through the deflection units.

10 24. An objective lens system as recited in claim 23,
wherein each of the deflection units includes twelve conducting segments
arranged in four groups of three segments each; and
wherein a separate voltage is applied to each of the four groups of segments to deflect the
primary particle beam.
15
25. An objective lens system as recited in claim 1, wherein two of the four groups deflect the
primary particle beam in the X direction and wherein the other two of the four groups deflect the

primary beam in the Y direction.

20 26. An objective lens system as recited in claim 1, wherein the X-direction and Y-direction

groups are driven differentially.

27. A method for increasing a scan field of an objective lens system over a specimen, the method
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23. An objective lens systemas recited in claim1, wherein each of the
deflection units includes: a plurality of conducting segnents, each segnent
bei ng i nswibaBmsii2Bé om t he others and 5 a substrate for sumpoartSongeouhe
conducting segnents, the substrate having a hole surrounded by the
conducting segnents and through which the primary particle beam passes; and
wherein a voltage is applied to at |l east two of the segnents to deflect the
parti veht-ng through the deflection units. 10 24. An objective
| ens g%@?@%?%2h§ggﬁfg% in claim23, wherein each of the deflection units

i ncl udes twe] .conduct i n nts.. art I: u t e
seqrent s caiegg AN e adRN Ty, B Poghec Reh Bl B ARl SR

f our grogﬁs of segnents to deflect the primary particle beam 15 25. An
obj ectRarkcle beam o Liespegitienecited in claim 1, wherein two of the four groups
deflect the primary particle beamin the X direction and wherein the other
two of the Hrovidingraigasdiageleetic fighdto meduceethg epgsayrrf thepaaicle bjapeprierdn thepo 26,
An objective lens systemas recited in claiml, wherein the X-direction and
Y- di r estaimoeolliding with the spedimengn di fferentially. 27. A method for increasing
a scan field of an objective I ens system over a specinen, the nethod Page

18 WO 03/ 08JeaRfonkifglthb/Bbasellfiftticle BOMMOVE dhthréd1® belseited] the GRADER Withia
magnetic field in the vicinity of the specinmen to focus the particles of

the ptﬂté Eieﬁéc‘ﬁoﬁ TRl ?P}% cHRGCh @ﬁ@{)sé%%od@rp%iﬁgnﬁgro%hﬁﬁ% B9 deh&binithe hdaid d tO

reduce e energy o partrcle prior to-the

within the retarding electric field to increase the deflection field over the specimen.

10  28. The method of claim 27,
wherein a deflection unit has an aperture through which the primary beam passes; and
wherein the deflection unit has a voltage strength (Ed) across the aperture and a
deflection distance (r(z)) that meets a first order swinging objective retarding immersion lens
criteria:
15 Ed = k[\2B'(2) 1(z) + B(z) 1(z)/z] + Y2¢"'(z) 1(z) + ¢'(z) 1(z)/z
wherein Ed is the eiectric field strength within the deflection unit and orthogonal to the
optical axis (Z-axis) to produce a given deflection, r(z) is the radial deflection distance from the
Z-axis as a function of distance along the axis, B(z) is the magnetic flux density along the optical
axis of the lens, ¢(z) is the electrical potential on the optical axis, ¢'(z) is the first order
20  differentiation with respect to z, ¢"'(z) is the second order differentiation with respect to z, B'(z)
is the first order differentiation with respect to z, and k is a constant to perform the required units

conversion.
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5 beamcolliding with the specinen; positioning the focused particle beam
over an area to be scanned, the area being within the deflection field of

t he speciwern3/osi28é nal stage of positioning occurring by detirasoz/eay4s he beam
within the retarding electric field to increase the deflection field over
the specinmen. 10 28. The nmethod of claim27, wherein a deflection unit has
an aperture through which the primary beam passes; and wherein the

def | ecjg ot wj'eéﬁv@%éls?,?g(ft%a@t iell iR Bk 28 Eer8n RS GetlclBoR REH hwfjv&}& ed

defl ection distance at nmeets a first order sw nging objective

o P G e Gt e el arfoeahiH effer S At

wi thin the deflection unit and orthogonal to the optical axis (Z-axis) to
pr oduc¥dsr Pevrationfef | ection, r(z) is the radial deflection distance from the
Z-axis as a function of distance along the axis, B(z) is the magnetic fl ux
density along the optical axis of the lens, 4(z) is the electrical
potential on the optical axis, 0'(z) is the first order 20 differentiation
wi tSh 3k [dhe mdtiiodzof cddifnz))7, wheidietirgaetivle beatteis adieldcapribtarat i on wi t h respect
to z, B (z) is the first order differentiation with respect to z, and k is
a constant to performthe required units conversion. Page 19 WO 03/081286
PCT/ US02/ 22045 29. An objective |lens systemas recited in claim 28,

sher e 1 e RRAEGIIAR HuhelFud A8 98 Rera il SNALAN AP SRR Tt ance

that are optimzed to substantia

aberrations. .5 30. The.ngt of claim?27, wherein the particle beamis an
el ectr rgeﬁgéﬂpggfmaﬁ?gugﬁﬂﬁgg?%?%}g&?% %;?é wherein the step of generating
an magnetic field conprises the step of generating the magnetic field from
a magnetic lens. 10 32. The nmethod of claim 31, wherein the nagnetic | ens

is of a side-pole magnetic |ens type.
10 32. The method of claim 31, wherein the magnetic lens is of a side-pole magnetic lens type.

33. The method of claim 32, wherein the side-pole magnetic lens includes a central bore formed

therein, the central bore being axially symmetric about said beam axis.

15  34. A scanning microscope for viewing a specimen, comprising:
a primary particle beam source;
an accelerating electrode ( anode ) for imparting energy to the primary particle beam;
an objective lens system for focusing the primary particle beam source on the specimen,
the objective lens system comprising:
20 a magnetic lens for generating a magnetic field in the vicinity of the specimen to
focus the particles of the particle beam on the specimen, the magnetic lens having a central bore

through which the particle beam travels;
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33. The nethod of claim 32, wherein the side-pole magnetic |lens includes a
central bore formed therein, the central bore being axially symetric
about saiwoleas2axi s. 15 34. A scanning mcroscope for vi @uTnpoa29pECi Men,
conprising: a primary particle beam source; an accel erating el ectrode (
anode) for inparting energy to the primary particle beam an objective

| ens system for focusing the primary particle beam source on the speci nen,
t he objective | ens t risinor . i G| 0, i a
magnett o fietd SR UFRr e R fof rodidTBRE FideBingdiia | Phe BEREI AR ¢
the particle beamon the specinen,. the etic,lens having.a central bore
t hr oughF e SREGIRED faredics B BReray oF thrreicIPheam Yhenibe berpsppidss With the

PCT/ US02/ 22045 an el ectrode having a potential for providing a retarding
field specifned; ¢k ticl e beam near the specimen to reduce the energy of the
particle beam when the beamcollides with the specinen; and a deflection
syst em i ncl udi nga deffeEctiombystom ofclwlidg ®plurabity ohddfecson waitsestuated abpnghlee 5 beam
axis for deflecting the particle beamto allow scanning of the specinen, at

| east wuam &is fdﬂﬂeﬂ&fti'n?@lﬁd ¢l ibedm k@@l&d\ﬁﬁ)c_dnﬁir{ghﬂm@%ﬁéiﬁidﬁgatflézﬁk d of the
beam the remni nder of the deflection units located within the central

bore ofneldrend BANEh b uliR1Scaidfin AR T BF (6 B95AARe diff fthd 1 clai m

34, further conprising a condenser system 10 configured to receive

the prinar ar.ti.cl eamfromth arti,cl e be source and to provide a

t ocubeleTRFHoE oo R A Pl R S S e GO IeRE e  om 3. e

m croscope of claim 34, wherein the particle beamsource is an el ectron
beam source. 15 37. The m croscope of claim 34, wherein the magnetic |ens

is a side-pole magnetic lens. 38. The m croscope of claim 34, wherein the
magnet 3% Aneglectionghigtiseope asaeditedlin plaine 3 ofurtber conpaisigigrn condenser lens system

10  configured to receive the primary particle beam from the particle beam source and to provide a

focused primary particle beam to the objective lens system.
36. The microscope of claim 34, wherein the particle beam source is an electron beam source.
15  37. The microscope of claim 34, wherein the magnetic lens is a side-pole magnetic lens.

38. The microscope of claim 34, wherein the magnetic lens includes a central bore formed

therein.

20  39. The microscope of claim 38, wherein the central bore of the magnetic lens is axially

symmetric about the beam axis.

40. The microscope of claim 34,
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20 39. The m croscope of claim38, wherein the central bore of the nagnetic
lens is axially symretric about the beam axis. 40. The m croscope of claim
34, Page W0 038108/ 081286 PCT/ US02/ 22045 wherei n a def| ece€DOSem2045shas an
aperture through which the primry beam passes; wherein the deflection
unit has a voltage strength (Ed) across the aperture and a deflection
distance (r(z)) that neets a first order sw nging objective retarding

imersion lens .criiteri.a; 5. Ed = k[ %®@B + Z). I / + UR4"(z

r(z) + f' (2} ?f(e%ﬂefg%ﬁ?‘é}‘ﬂ“gﬁs g ﬁ‘é‘eetf‘e@é‘?ié i(Né&?hl t@?&”@%ﬁ%ﬁﬁﬁs‘%ﬁﬁi n 'Eh)e
defl ection unit and orthogonal to the opti ?)tlrjaxis Z-axis) tq produce a
gi ven defl ew!q%mth?éséeqt@ntuwg haaaivata&?érrg%ﬁi ) AL pcApeft e Z-axis

as a function of distance along the axis, B(z) is the nmagnetic flux density
al ong déftectipn distance @@ ythet meets alfisstorder swinging ebjectivegetarding impersen ilefs on
the optical axis, 4'(z) is the first order 10 differentiation with respect
to z, &itedd: is the second order differentiation with respect to z, B (2z2)

is the first order differentiation with respect to z, and k is a constant

to performthe requiyof (s MOTNBIAHAY BlxofPeeh) gl ve | ens system as

recited in claim 40, erern the ‘defl éction unit has a’'voltage 15 strength

and deflection distance that i timz stanti.ally reduce.third
order and f?”?‘?rﬁm I?S)‘ﬁ lfgﬁe 15@1];41@%% FgoM Hi&r‘?#ﬁé%‘bb@?ﬁy%ﬁt%gﬁ{@&? IEhvt\iner ein
the deflectign units are electro-static deflection unjts. 20 43. Th(?1
m cr osepsal 8¥is ¢-axif) wArodics eiven drdlepidomr @ tirtheradial éﬁfé?fg@a digtange fropy the
potential, the accelerating anode is charged to a second potential, the
r et ar dZregisf dsel funesicacaf dadance slaniggheyaxds.tB(zpistthg magpsdic dhixj densityt Hengitejoptiedlon
Page 22 WD 03/081286 PCT/ US02/ 22045

axis of the lens, ¢(z) is the electrical potential on the optical axis, ¢’(z) is the first order

10  differentiation with respect to z, ¢’'(z) is the second order differentiation with respect to z, B'(z)
is the first order differentiation with respect to z, and k is a constant to perform the required units

conversion.

41. An objective lens system as recited in claim 40, wherein the deflection unit has a voltage
15  strength and deflection distance that is optimized to substantially reduce third order and fifth

order aberrations.

42. The microscope of claim 34, wherein the deflection units are electro-static deflection units.
20  43. The microscope of claim 34,

wherein the beam source is charged to a first potential, the accelerating anode is charged

to a second potential, the retarding field electrode is charged to a third potential, the deflection
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units in the bore are charged to a fourth potential, the deflection unit
outside the bore is charged to a fifth potential and the specinen is
char ged twoa3msnrsh potential; and wherein the rel ationshi peThsvuees t he
first through sixth potentials are relative, any potential capable of
bei ng ground potential. 5 44. The nethod of claim 27, wherein step of
positioning the focused particle beamover an area to be scanned is

perforned. first f f i i e f.j . t Jdnc i a
ot 1 octmait tidhort Fenig e RRETEIREL, M dePepot ! GRlioq s eoRFissfbidfed i
27, furt conpr i si the.step of scanning the area while the beamis

hel d i'A agegé]P‘?tg&%@é‘rg‘f;ﬁ%ecé‘PS%Psdg‘?Fﬁjaé‘&ﬁﬁﬁghPmF‘H@l;s@gnni ng noverment of the
beam being nore rapid than the positioning novenent of the beam 46. The
met hod of cwhereinghe rel@giopshapebeiweerethe dirstirongh sirthippteniials ase peletivepamt i cl e
beam over an area to be scanned is perforned by a first set of deflection.
uni t s,pdtémiaf capablesd being grawidipptemtidef | ecti on unit |ocated in the retarding
field; and wherein the step of scanning the area is perfornmed by a second
sets of deflection units separate fromthe first set. 20 47. The net hod of
cl ai M4 Thé uiethivdrofetuifrd7s ivhgreihstes bpositionixy the fdduse seticls badry oaacanaek
scattered electrons emtted fromthe specinen during the scanning of the
area. t53g8canded is performed by a first set of deflection units, the first set including a deflection

unit located in the retarding field.

10  45. The method of claim 27, further comprising the step of scanning the area while the beam is
held in position over the area being scanned, the scanning movement of the beam being more

rapid than the positioning movement of the beam.

46. The method of claim 44,

15 wherein step of positioning the focused particle beam over an area to be scanned is
performed by a first set of deflection units, the first set including a deflection unit located in the
retarding field; and

wherein the step of scanning the area is performed by a second set of deflection units
separate from the first set.

20
47. The method of claim 44, further comprising the step of collecting secondary and back

scattered electrons emitted from the specimen during the scanning of the area.
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