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WO 2006/021958 PCT/IL2005/000913 | DIRECTED MULTI-DEFLECTED
ION BEAM MILLING OF A WORK PIECE AND DETERMINING AND
CONTROLLING EXTENT THEREOF 5 FIELD AND BACKGROUND OF
WHERNMEMTION 10 The present invention relates to ion beailing«éa
work piece, and more particularly, to a method, device, and system, for
directed multi-deflected ion beam milling of a work piece, and,
determining and controlling extent thdreof. The present invention is
generally applicable in a wide variety of different fields, such as
semiconductor manufacturing, micro-analytical testing, materials science,

RatiRagh Wﬁﬁﬁf@@ﬁfﬂg@dﬂ%ﬁmmmﬁ@m RESEANPTIHE: AND

present invention is generaﬁ/ lementable in a wide variety of different
apphcannQ%? Mo ME%@ | eTémRéQ Es of work

pieces. The present invention is partlcularly implementable in a variety of
different applications of preparing or/and analyzing a wide variety of
different types of work pieces, particularly in the form of samples or
materials, such as those derived from 20 semiconductor wafers or chips,
that are widely used in the above indicated exemplary fields. lon beam

m|II|ng etch|n of a Work sample), directing an ion beam,
SINNY: 2 am, theory, principles, and

prachqe,s tﬂsxeganf,maadmﬁelaiac&:amﬁi asseeaatedlmpmlwmnmq)&uhjems more

f are well |§9 n and ta bo ti lO HL aQ rrentrx
t1= ot
I\)/vde‘ll aﬂ?’ac(%lce(f e % ‘é%u%os estab IS ?r?g ?Pue 1sc%pee emtleoannlng an1 ing

Cftéddf(fg)i@ma@pIwénéﬁeroﬂmr&pm‘smtmvmt@ﬁmfbmv@ ditee gutsenedivention is
gefipitions,andgremplanyusages.af terminalagy yaes fordisclosightBsductor

present invention. Work Piece Herein, in a non- I|m|t|ng manner, work

| DRebgERBEalPIRTEAN Y PRI Tiel) BhTeRsHPIpBEs Bihoeraphy,

miatemalchisligh A8 Semiabiciicior m&tcpmksuqanaﬂm@amwgena{ﬁlypmlﬁementabie

metallic materi et a materl mer rials, com

R o8 SR S SR o feren
P@?/&i@@@@@@@m@h@mwmmrm aawmq@hm@miem@l@bie in a variety of
W&Q%ﬁtﬁﬁ&ﬁg%pﬁ%@?bm%%ing a wide variety of different types of

work pieces, particularly in the form of samples or materials, such as those derived from
semiconductor wafers or chips, that are widely used in the above indicated exemplary
fields.

ion beam milling (etching) of a work picce (sample), directing an ion beam,
deflecting an ion beam, and rotating an ion beam, theory, principles, and practices thereof,
and, related and associated applications and subjects thex-’eof, are well known and taught
about in the prior art, and currently widely practiced. For the purpose of establishing the
scope, meaning, and field(s) of application, of the present invention, following are selected
deﬁnitions and exemplary usages of terminology used for disclosing the present invention.
Work Piece

Herein, in a non-limiting manner, work piece generally refers to any of a wide
variety of different types of materials, such as semiconductor materials, ceramic materiais,
pure metallic maieriéls, metal alloy materials, polymeric materials, composite materials

thereof, or materials derived therefrom.
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piece is typically in the form of a sample derived from a single die (of a
wafer), a wafer segment, or a whole wafer. Ordinarily, such a work piece
(sample) is pre-prepared using a micro-analytical sample preparation
wWBCHNAYRsior example, such as that disclosed in U.S. 5 Prgyisienak ooso13
Patent Application No. 60/649,080, filed Feb. 03, 2005, entitled: "Sample
Preparation For Micro-analysis", assigned to the present
applicant/assignee. Pre-preparing the work piece (sample) using a
micr&araisioll, Sanpleoprancoabioinge iipejigeridusws dups o seaseidmlinige owork
picedER %%%'&é%ﬁrpéﬁ OLIRBIVEEK RIE GRS ANMRIAL IIEGHFSONANMR), a wafer

reducmg or thinning at least one dimension (length, Wl?th or/and
seATERRGES! HBPKH %0 MBI Br I 62808 HEST/GHERIELE fEsmishayed using a
mw@%ifaﬁgﬁchxysuﬁiﬂg pRpacitiohokERes, b ceniiing, idaainbatslisinged in U.S.
P S Y S AR BSTL Sd"BETM IR HG10G PR RSNl IR s

samp réad ectlon to-another iorocess or ekample lon beam
Pwpmngons?uch@cm@pdn@wmgp@b@ (barpisienhagphedakasignecdifemsioaring

m@%ﬂg f’%gkﬁa&ﬂ@?stﬁ%'ﬁ'&ﬂr%ﬁ%a%@ﬁ'b&irsﬁﬁisﬁtbﬂébﬁiﬂ&%&ﬁxhﬁféﬂi@%ﬁsed on

about 10microns and about 50 microns, 15 and another dimension in a
'SPalRMNSF 98 nAREERPRTRRLY KAfinteRHE ShdhSoIY RifffnSRIRIC) JesugRy vie
rdﬁuﬂiﬂg of ahWeirg Riekastosnbernensibing ek ghyaridpieogmenaiatheseferpth or
hs f%”% an lpp bean O%EO Suifz Ceré’é e WorK RIeCE MRGIERY  pes of a

en% on 8Fthe ion bea wit %ﬁ ps ce eads to removal of mate W
cmmxhbw@wcwdmmmmm piereby e gsafisRrpgrapwork

igw%ﬁg Q@&Iﬁ {H Bty %ﬂ%&gadﬂma@amr@mm"m 8e8avalhiiing.
known, taught about, and use tech nl(gues of ion beam mllll‘Pﬁ%}Sf a work

SHRbcE BRI TR I Hehih RE B3N Jliarasiof, (epgghiyidth, orfand

tlﬂ@l&ﬁ%llﬁeﬁ@n@eﬂiﬁ@{adn andngebfoetsed, dboupeamcomng matistgdrGit @icrons,
IIQUId lsel%suiro%ex Slf“{%rhl%g \%lt!\a(/je al%OQQWhermb elrg%g arl]Jtou Tllglntg

a SUI’

awor piece, w y mteractlon 0
e surface leads to removal of material from

theatﬁﬁl%%am mmwgt}f ms& [l&cQ%@ﬁéﬁh R399 REA:4 B RSl onto 2

refers to a less energetlc and less focused, broad ion beam, originatin
strefarveapy fiert g RIBEHCREITRR MECETHAR S MBRAM RN bRiE s donds to
rdnPNIQe$ MpeHalachnikssiiie < wifd ceceffaryy drinp e svonihgice by intersatiaields,
fthe broad io |th th cel Qmal o rial fro
céls_g&r ac%] 0 '&ﬁﬁj ‘Tk lece. %&fn gener%ﬁ ggiggamﬁr% %rwg]%r%@ol?‘mg r:\r?ught
abwb@amqmd@dvawsmbwm@mp@uhl@gslfrﬁawerbfpemorwp@eémwmww ion

ieigiaefienalithe Joehermmith R puHacR 1RakS. 1002 RelRaliVScRE 1Bh beam,

removal of material from the surface, can be_considered ion heam
iR 3dHam BorBkCor Y g LaHidngatign itk fgident and

heangailling, and mills, a surface of a work piece, whereby interaction of the focused ion

upon an

beam with the surface leads to removal of material from the surface of the work piece. In
general, broad ion beam (BIB) milling refers to a less energetic and less focused, broad ion
beam, originating from an inert gas source, such as argon or xenon, which is incident and
impinges upon, and mills, the surface of a work piece, whereby interaction of the broad ion
beam with the surface leads to removal of material from the surface of the work piece.

In general, ion beam milling involving an ion beam incident and impinging upon a
surface of a work picce, whereby interaction of the ion beam with the surface leads to a
'selective’ type of removal of material from the surface, can: be considered ion beam

‘etching’. In the scope and context of the present invention, herein, ion beamn milling
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WO 20061021955 PCT/IL2005/000913 3 generally refers to an ion beam
incident and impinging upon a surface of a work piece, whereby
interaction of the ion beam with the surface leads to a non-selective, or a
weleotiveripgpe of removal of material from the surface of theardkepige®o13
Directing an lon Beam: 5 In the phrase 'directing an ion beam’, the term
'directing' is generally equivalent to the synonymous terms guiding,

tln controlling,.and assqciated, different rammatl
o e R e B e g e piece
vhgjeati HgCIer e b iy iuin Yernbevth. the ganthedl, laadi detadneprighagtive, or a
sE?&H's%tec%)@Bf canbRied nioRReat sl E%FF&‘& &H&%z{@ﬂ@l@ted or

controlled, in or along a direction, 10 axis, path, or trajectory, toward an
Sk ST et , herein, generally referred to as a- work piece.

Such Mrmetmguguwmgm@gu latingaal, chateotindiratiag u@rgtbemhqu:yihﬁem to
ccomp lished by ay wide variety of |f erent typ of means which

! hov r[1l {gug(}ht a ou e?r%" mgedmﬁokﬂ ln|§f’|0r %ra "éﬁﬁ beam and 1raeiaat \g%erem
g@m@k@@h EymDdesedh gtans| o BEapranBibehe preerssalie festnydnoigniding,

Peamndhe IR EaHecCtingids genarally, %}waleat &ﬁ}emsgumxm[%géaamd or

terms swervmg turning aside, bending, deviating, or alternatively, to the
QpraHsn TS RoHPR SB ifEr I SUIAs G egViaterd o5 G8RYRY InsrrimhGrlong eatliesstion.
dﬁd}@ﬁlﬁ 0 causert iclemidia, d@spteeﬂuglyomeg%&emﬂ;t@ﬁﬂiﬁsa@remd to as a
matica f thereof. .Thus, deflecting an i am enera
R R R ) o R ma be
maﬁpltshqltbymmwmﬁqief&rm e ab eevssvehitlr ara sidd kbewn, taught

éﬂo@@ﬁﬁt@se&%&ﬁ@ﬂﬁ@l%f%?%@éﬂ‘éﬁhﬁe@ﬁé&%@&:ﬁ&d@i@sbeam to be
swrved turned aside, bent, or deviated, respectively, resulting in

HAhE %445 le, bending, or deviating, respectively, of the ion
beam umgqﬂeﬁaé 'mnt@ﬁd@aanmsbdaﬂe@hedexeﬁuﬁﬁectmgw/@gu@armquwalem to
S|de bent or deviated, from a first direc at is, or trajecto
Bl B S SRR DR SRR o e
LACSHTIoNS Bhresveto mmm'g sisfdes. e palisgyiootutiesdaiing, mmwtmrbb&mause to

Heambe-AGEOMBlShag Ry.axid eaﬁ@{éﬁb@%ﬂ%ﬁ@ﬂ%&}fﬁ?&&femeqﬁxwﬁuﬁ@amg

are WeII known, tau @ght about, and used, in the prior art of ion beam and
PRI TS IORFELY FOYANHET S 1P IBMCB (a0 fidHHredingo ity iating, an
ion baamothadermventatinging genatalbaaow wlentiadieaside, bend, or deviate,

respectively, or alternatively, causing an ion beam to be swerved, tumed aside, bent, or

deviated, respectively, resulting in swerving, turning aside, bending, or deviating,
respectively, of the ion beam. In general, an ion beam is deflected, caused to swerve,
turned aside, bent, or deviated, from a first direction, path, axis, or trajectory, to a second
direction, path, axis, or trajectory, respectively. Such deflecting, causing to swerve,
turning aside, bending, or deviating, of an ion beam may be accomplished by a wide
variety of different types of means which are well known, taught about, and used, in the prior
art of ion beam and related technologies. |

Rotating an Ion Beam:

In the phrase 'rotating an jon beam', the term 'rotating’ is generally equivalent to the
synonymous terms turning or spinning on, around, or relative to, an axis, or alternatively,
to the synonymous phrases to cause to tumn, or to cause to'spin, respeciively, on, around, or

relative to, an axis, and associated different grammatical forms thereof. Thus, rotating an
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synonymous terms turning or spinning on, around, or relative to, an axis,
or alternatively, to the synonymous phrases to cause to turn, or to cause
to spin, respectively, on, around, or relative to, an axis, and associated
viiffexgnk grgmmatical forms thereof. Thus, rotating an WO 2006{Q2&2h&13
PCT/IL2005/000913 4 ion beam is generally equivalent to turning or
spinning, an ion beam, on, around, or, relative to, an axis, or alternatively,
causing an ion beam to turn or spin, respectively, on, around, or relative
iofp barmaxise eI TAHVEIp I AU SIHBiRE RSP PBEME0BE tirhedbr gpuriound, or
reASSREEI VA Yk BN o AERUAR1 081 e [RIVR J0rAR Kk a8 UG L S NIRG Qltively, on,

spinning, 5,resPectiveI?/, of the ion beam, on, aroynd, or relative to, an
argunesh F GRARYAICaANGH el TEPaYG a%i%tf&ﬁfltﬁ’fhkm%ﬁsi RSB
refppUtSEinn praraunadoraeladivéyto tan axiaxivheteultiegaxis ismitieroanspiising,
FhiBR 90 BERITIR" 20217 glo g cleraERLefeapRanent which ordinarily

shares the same spat|a1 an temporal omains as the ion beam.

Morebvégneiihaibtatiniatarivingtabdsoriniend, SiaetiohmehratoPuaréwits). on,
aRudd belRINR Q0 3 XIS, WREFE BRONES IR ANGUIR HY; TRIRGIROHOEN QR REA of

on, around, or relative to, the axis, where the axis is either an axis of the

afsHCRSRYT SPUROARRE Bhish SitREY Shatss s SRR SR RS draRiAfpatns as
tith s dmespdtisloand tech partibdoniaing, as thinniee belam iobbelnieiatingynd, or
turning, or spinning. of an ion be n, around. or relative to, an axis )
B B A e R e
tehthp Avs.anhefddhebeamsista dralsit dittichisn bgies. Fonexasnplenisjement or

chRtBERG: WERIRGrRhSRINGIRGs BR ML SAMAISAIA ConRUE iBHAHEM AR M beam,
assembly which generates or produces the ion beam, on, around, or
PRTHFOLBE TS, ARG iR QICATCERARY, it Qe dmeadiis, may
behadctheplichebdaneitistatio kasy{Staighosfe ke latigcifoib edion eahon beam
ur 9.4 is,a schematic diagram illustrating a perspective .view of an
B e S B R B P B 6 beam
spwittoriushassemiieyivduetosseataly orivhlp shasrives aos unfediec¢svithe don dwskimg on,
afdemeptheand selepted feqatines.and RRIPMGIETS heteohicddeld BYiA out that the
.sample holder element, where the sample is to be subjected to ion beam
‘?ﬁi%@ FOTARHATD S1AS FribRe SHARY T &L PRV, for example,
as paitigf prepatingnthe dagrpieiflasiraitrg apalysiciartdaed aspaskafiplary work
Iyizi le. 25 Implementation of prior art technigues of io .
B L S e R S AR B SR M8 or i

havhaaterfacic Ataehiaskisgekanonin g orlaskask kaeristisndopasspeists thereof,

HERHRY IRASRAMIAG OK/ARM ANRlYZING SuWHiPIBeR: {idNEKRERS: beam milling,

for example, by implementing the present invention, for example, as part of preparing the
samnple for micro-analysis, or/and as part of analyzing the sample.

Implementation of prior art techniques of ion beam milling of a work piece is
limited by an inability to simultaneously and automatically achieve the following four
characteristics or aspects relating to preparing or/and analyzing a work piece: (1) thickness
or thinness of a section of the work piece, (2) ability to locate a site specific target in a
milled work piece, (3) depth of a site specific target within the work piece, and (4) quality
of the milled surfaces of the work piece, including control of selectivity of the milled
surfaces. ‘

There is thus a need for, and it would be highly advantageous to have a method,

device, and system, for directed multi-deflected ion beam miliing of a work piece, and,



or thinness of a section of the work piece, (2) ability to locate a site
specific target in a milled work piece, (3) depth of a site specific target
within the work piece, and (4) quality 30 of the milled surfaces of the work

deternBIfSE afRCWRiRGEENIERLOhRRISE VIO e Ml d S RGeS EDS SR Senerally

_ a heed for, and it would be rgghly advantageous to have a method, .
applicgplping: WA WERAT 18 are deldsnit-teratteaderiop sumn g o ficwome vtical
testingoimeeriandebndetasmining andgapirolingexientihereal Thermiscnesd itcover,
there E%%Qﬂ&'%%?%’ 0 Qﬁ!ﬁgnl%vgzecgelga‘"e\(mraé l;%??é? %Q’ltgb\f\élqg s}/ ?fvril et)(fgie(% of different

_ different fields, such as semlqond%(;tor an acturing, micro-analytical”” ~
applicgisting! ifatesialsTsdiencd, medosgiylitioliphy, microdmachipimgs-ahdiitionally.
there RanetaRiicalignMarepuss ,wt’ﬂ@% CRENATICO B dﬁﬁmﬁgzﬂﬁﬁpﬁﬂg whig 1S different

._generally implementable in a wide variety of different._applications of ion
applc e, TGP A R AT B aTaTAFY WS of Wil pRBoges oF work piece,
particigdtitiotial {orntherenisphsed fonsinth arlinvehtienwhieh fispattiduladycior wafers or
ohips, IRIEEGRIRPIRD  wariabi oL ditiRceot.apRlicatigns of preparing orfand

analyzing a wide variety of different types of work pieces, particularly in

the form of samples or materials, such as those derived from
SUMMamicondictomvaerg@x chips, that are widely used in the above

indicated exemplary fields. SUMMARY OF THE INVENTION

e e R S ISR to TR DM il . and o
particwgiifa do 2 drfthado sV sartiediignofer disthotingéivitd]card Bystem, folling of 2 work

piece, GkeCREMtdefle Q@Qf&ﬂﬂxg%ﬁf&mﬂgﬁ%@hﬁﬂ%ﬁﬁﬁeﬂ@%?'t@gresent invention may

etermining and controlling extent thereof, Embodiments of the present .
cencr e G OR LY Gt ‘BE-Eo A, B Rsenif ESHG Meicturne

microsudm'aglsensic@ndmmwrimhansxf’acuaringnpmmp,-_armalygﬁ@mest'mgrqnﬁi_ekﬂaiﬁg, and
nanofRFIERE: FIRHRIREIORARNY MROMACHING, a0, RANGABNCANRN 1, & wide
. Embodiments of the present invention may gén_ ra Iy. e mﬁgmenta ein
variety QfidiéeryieRp Uit eht A PRUABARNST 6rF bEdin AiltHg Of douee types of work
piecesvanietydoheiffesentdypesaf woskipiases pembodinentspidhepissent variety of

e dnvention.may particularly pe implementabte in a variety of different ,
e VAR eV Brcheng s s
particarlyorkiipideas o particlskarlyninithiel formhofsshmp lésiordiateriaisicsudivas wafers or

chips, Qs8AeHvRd{Fan sRMikRRdUCIOLVAlgHSIRr, GRIRS, that are widely used in
th?habove indicatedrgxemplar fields. Thus, according to a first aspect of

the e et e B Ther8Ie 5ol GEr 5 Hh KK 81 (BfFecmioNild 2 method for
directingukiplentintips: déflectifvfanigrebeamyermitiing. 0fieewark piege piece. comprising:

€ Hsing., providj [ - and directing and at least twice .
N e e T

a diregiq pedind Py detiistiferandrdielisshagsad provitecishbesdsbiparkéen by an ion

beam first deflecting assembly, for forming a directed once deflected ion beam, and, deflecting and
directing said directed once deflected ion beam by an ion beam second deflecting assembly, for
forming a directed twice deflected ion beam being a type of said directed multi-deflected ion beam,
wherein the directed multi-deflected ion beam is directed towards, incident and impinges upon, and
mills, a surface of the work piece, wherein said ion beam second deflecting assembly inciudes an
inner and an outer symmetrically and concentrically positioned, separated, spherically or elliptically
shaped electrostatic plates or electrodes for said deflecting and directing said directed once deflected
ion beam; characterized in that the work piece Is in a stationary (static or fixed) configuration relative
to said directed multi-deflected ion beam, and in that type of the ion beam milling is broad ion beam
(BIB) milling, such that said directed multi-deflected ion beam is a directed multi-defiected broad ion

beam, wherein said directed multi-deflected broad ion beam has a



beam first deflecting assembly, for forming a directed once deflected ion
beam, and, deflecting and directing said directed once deflected ion
beam by an ion beam second deflecting assembly, for forming a directed

dlame{w@e\@&tl%egd@@o@%@me@ﬁ ing,a e absaid directedd %%ﬁzl@ﬂ%%maers)

beam, wherein the directed multi-deflected ion beam'is directed toward S,

inCREEHEBNRIARTHIGE LARS6 OAribe RS EaienoftEs Wk piided, @ metbod for

determrlier einl saicdbimpeanmisecontedefietingotssembhidaciasiaingiprananga set of
r i I and._concentricall sitioned, s

e B bkl Sy o b B b Gt i apsing

of: thiglerattinigeareldirsetinigshief divsetett Sneddefiskmecdombangraphy of at least one

surfac@ﬁafﬂ@t«%m%@eé@ tad e Werkpiesr it a-gtationary &%ﬁ&@?&é@%rmmg the ion
co fi ur%thn rela&ve to said dlrecteﬁg ulti- Hqgflected ion beam, and in

beam iRe, 8P iha B BESH Witthg &8 BanTHBISFRIMNG, SORRs and

functtfsaﬂhhdwe‘tugdmdmg'ﬂeﬁedtadmmnctbéamtlsgamﬁretteﬁtnwlttvdeil@mﬁ@tﬂmpadr;ded ion
beam, @9 BEATY YARKEIR srig %@ﬁ&é&:@l m%ggﬁﬂﬁft&&%@ﬂam@,%amg@% gt%%}ed

diameter or width in a range of between about 30 microns and a

beam pyigh s keinfifthdtBresina aisrehhy to dnetne desetd ontidfledehton
invention, there is provided a method for determining and controlling
extent of ion beam milling of a work piece, comprising: providing a set of
pre-determined values of at least one parameter of the work piece
selected from the group consisting of. thickness of the work piece, depth
of a target within the work piece, and topography of at least one surface
of the work piece; directing and multiple times deflecting an ion beam for
performing the ion beam milling of the work piece using a method
including main steps, and, components and functionalities of: providing
an ion beam; and directing and at least twice deflecting the provided ion
beam, for forming a directed multi-deflected ion beam, by deflecting and
directing the provided ion beam by an ion beam first deflecting assembly,
for forming a directed once deflected ion 6 beam, and, deflecting and
directing the directed once deflected ion beamby an ion beam second
deflecting assembly, for forming a directed twice deflected ion beam being
a type of the directed multi-deflected ion beam, wherein the directed
multi-deflected ion beam is directed towards, incident and impinges upon,
and mills, a surface of the work piece; real time measuring in-situ said at
least one parameter of the work piece, for forming a set of measured
values of said at least one parameter; comparing said set of said.
measured values to said provided set of said pre-determined values, for
forming a set of value differences associated with said comparing; feeding
back said set of said value differences for continuing said directing and
multiple times deflecting of said ion beam for the ion beam milling of the
work piece, until said value differences are within a pre-determined range;



characterized in that for said directing and multiple times deflecting of said

ion beam for performing the ion beam milling, said ion beam second
beam, dedledtihgtagsenmblirinokgdbs dimerine parrddaiotenosymmdtyicallipabdam second
deﬂectﬁ%“&’s%&% Uy posiitinned arepaiaisl. sRetical,PraliPigaly.shpped C}he directed

_electrostafic plates or electrodes for said deflecting and directing sai o
multi-degleridd Brite BeReEr indpedrt. ReEdtelinef 6 AR i3 4fyiseictfitprards. incident
and impliage by ention sheraiaprovidecha mathodaformeetesmining andsaid at ieast one
param GOy HOIDG, SXISat of lon peam, milling, In%a‘év%{i Vafizes ot 50 o st one parameter:

providing a set ot pre- etérmined values ot at 1€ast one parameter of the
compager kaetse Setetterfroradthelgrotspseonaistided oft tHickdays-dftehaipgdrkaiues, for

formin@ 868, SSRIR: Al @taraatuithin %Wpi&@@ﬁ?aﬁﬁg terngranby Qf@dteashid value
one surface of the wark piece; directing and multiple times deflecting 3& e lon

differepsisy8n MTOP PR EHh L tHRS A BRRR Fnilfftg SFHHE Dohk FsceUEME
beam mliﬁil‘?g(}blfﬁbbu@mg miain, steps §anq;mtﬁﬁﬂentssamd_ ‘ﬁlilithd]‘ti@ﬂm_iét—k&eqﬁined range;
charac{?—:@\é}gm gh%pff)? rsl.apae é‘fﬁée@&daﬂbr %lﬂg] @ﬁﬁi&tjgﬁ@:ﬁl%' GF le%ﬁtl&gﬁ?‘ %q performing

provided ion beam, for forming a directed multi-deflected ion beam, by
the oy Enaiptifi Hsd Wifk éih§esti P abdiTein Hasiimbyy dRTUAB edninhipstand an outer
symmﬁﬁ%ﬂ@t?ﬂﬁi a&z@gnhbmoﬁ@%meg @eﬁé&@@t@dpgaﬁ@dﬁéig@tﬁﬁi@m%ﬁmdgr@mmﬁc
eflectin rectung.sali Irected onc eflected 1gn pea an ion
Pt B R oy BALA e Y AR A e Hekred
iofchedmebeingetitypesofdaid directesemulticedéfiactbddoiy bearidewheraitiod for
deterniit dUREISA UM dellgcted ionheamilsdiraciedipwards HRGIHeNb @Rting a set of

impinges upon, and mills, a surface of the work piece; real time measuring . .
pre-defrainfd il ?5&!’;{@8%“‘6%%&‘& BF B \RBTIRrE BRSSP spnsisting
of: thitkeasufelk valles of shiptlat leasteoneiparameter; ermparingsaithiset Oft least one
surfac . [0GARULS 'Vlie‘igl.d . 68 J 1. o teaqm-ze }1"9 ei

o R S AR LA ST R e o
beam faghhtg Bablk safikseicst saitrevalies differeredy foreshtifiliingigaidromponents and

functi6HEGGHOGANSvLEI pIe dimesndlefieclingph satd dJorheamn darhaiioRheatVided ion

veam, TG O thework piece, uptl sgic velue difierences e NG iy oovided o
pre-detétmined range. Acording 'to anothér aspect e'prese

beam yventiorictive fesisdpfovidedaaevicdsitablefodigiredtingatdisrgitipie beam, and,
deflec A IRCHRGLAR; PN RERM SREMIYINGQS AWBEKPIECEN COMBESING: BRI R ecting

beam source assembly, for providing an ion beam; and an ion beam ,
assempfye i dPERUSTIEERAL TG SSHTRBINC IO aPeRERg Ardinst fagidyficested mult-
defleca@flentingnthepteiided doachdandaicfirmihipa tiseciedirmudii-detiettddeident and

o0 heamy, wheren he-direstad mylt-deflectad,ion beam, | adifrﬁ%‘%&?gai at least one

impinges upon flls, a surface & o
_ owar S, incident ‘an impinges upon, and mills, a surtface of the wor
paramgfiscel (it arein Base i6n bearsa sdirebhigsarsd ilpasdethadding lerssarfopprameter;
compdNGIUEES an doRReamfirstideflectingagsemblyd fer deflagting.seiehined values, for
.directinqh%alid p[?vided ion beam, far forlréﬂn a djrecte? %(alge deflected ion
or

FormifgaL I At 4R o B SEEE deb A R Fol EERe Sy =t of ¢
value difisctingssaid-ditected entdideflected iontdampes deflecting of said 1on beam for the
ion beam milling of the work piece, until said value differences are within a pre-determined range.
According to another aspect of the present invention, there is provided a device suitable for
directing and multiple time defiecting an ion beam for milling of a work piece, comprising: an ion
beam source assembly, for providing an ion beamy, and an jon beam directing and multi-deflecting
assembly, for directing and at least twice deflecting the provided ion beam, for forming a directed

multi-deflected ion beam, wherein the directed multi-deflecied ion beam is directed towards, incident

and impinges upon, and mills, a surface of the work piece, wherein said ion beam



for forming a directed twice deflected ion beam being a type of said

directed mult-deflected ion beam, w ereln said ion beam second

deflecting assembly includes an inner Fand an outer symmetrically and
directigpnuentvitiadifipogitiorretbée patadedas phdrieall{inr Gillptioallysshaippdor deflecting
and diRlESOsIRtiG-Rlaigsioh elaairegde s inmsaldifellesting. and dHLCHNORRIY and an ion

directed once deflected ion beam; characterized in that the work piece is
beam seandhARGraRAR ASHETEISr MXSETEO RSB reRiRe 455Sk tirsdeiipeted ion beam,
for fommlglactefheﬁiedmmdmamé amdamrﬂmxtgme}@éth&mhdbeaﬁd milling fisdcoash beam,
wherel® a'?c?% 1'1'13’25@"" Qef% h that S dlria%ted multi- deflecte |on beam.is

mcli an wner and an ou er, symmeirically and
adlrecte multi- de ecte r a |on eam, wherein said directed f“’ﬁ 1“ Y

concerjeiflbtaashiesd isnaseadnshbarisallianh etistise idkarra esHguase biswearslectrodes

for sax@@@ﬂ&éﬁﬁlg’f&iﬁf@%cﬁﬂd Ahoute 2000 NGRS HIINStes)rARERIAINORE: the work
mbodiments of the pre |nve|];1t|on there i IS p I‘OVId gdev
g

piece G betot LI Joatng 3 BICTILA TN B S Bo g P Beggeced o
beam, diréotithgtaymg niuiti-defleatingil h&serhbigd for directi®idp amdiatzleash thaceid directed
mlti- 9&{&%@&”%&%@&{ Qv 'Q@gégght}ﬁ@ig] dE%é%‘HF&@BH %85%{3' vmyxlé rgglg%{?&ted multi-

ion beam, wherein the jon beam directing and multi-deflecting assembly
deflecipitRigus 1 PR3 Baahf e ieeitiig Ssaatnety, forefeebny afeicrons and about
2000 dicesting #hgipesided ion beam, for forming a dlrected once deflected ion
nd an_ ion nd defl ctln assel for defl ctl
B B L R T AR o i
multi-figfistianefle et b b@arheb@bn@maﬁyﬁécofaﬂheﬂdirééﬁéd fratiudefecteniorieflecting

assemb@amr ﬁ@é@ﬁ@g%5%@1@@5{1@5E@@Sﬁ@ﬁ&&ﬁm%@%@ﬁwﬂ%ﬁm@m tﬂ#rﬁnﬁ%m e 2 directed
e %§V|ded a system suitable for directing and multiple time deflectin

U RO NG ETE WoMRTHHELE. LSRG AN T8 ERHh FHET eludes an
ion bearhdneinithiecion beambinibmndltidemannddibedany seurce dssembblygriofor forming a

directd %\{lé%"agf?e@téﬁ%#?%@{ﬁr %99 an 1@?@&1@@&&%“9@6@1@9 @qqgi }ggﬂ?gtlggﬁ'}ectmg and

assembly, for directing and at least twice deflecting the provided ion
directigg by digetetipirg S HrEeEn R deroriiuas et (WheAsfiirg ion beam being
a typedjfﬁcdedermttthdaﬂe@ﬂedd@rbbeamJs directed towards, incident and

'm}?'”& %Qd mills a. urface Qf the ork lece, whe e n sag
ce gimc ) aﬂo Bﬁct &) ﬁ'& resen mve on tlﬁ)era 15’ Provi SYS 611;3 S}mable for
beam diretting and m eflecting assemb y includes &n' ion be irS

directigjefhadtimglapisainblyc fieedeflecipg tand direoilhyssalid provideddorrbwanig: an ion

beam fRlifORMIRGAndigCtRdonGe deflecteshion heam sand-ansionReam seEAE: an ion
deflecting assembly, for deflecting and directing said directed once

beam o ffelf foh*BRaM 1P fotiliny A aiFaeabenie e ibne et o Bt Bbitigs ice
deflecartypbeopsaidedirectechmulti-difiecte d: idndoeaimidnidelvaetiion Wiy, wherein the

directQP G V&‘éﬁe%?efa”%ﬁt%gaﬁg 'Ehedl%@m*ﬂ%@a%'tuﬁ%fa@ﬁ?‘éﬁ‘f'&“ﬁﬁﬂﬁe@‘ %H?ﬁ?' W0 wilts, o

a vacuum envwonment for the ion beam unit and the work plece, wherein

surfacgef Rectiorh RiFfitiNeRIGES e Note pideirerath s iddeir B by udes an
ion bd@n @ﬁﬁﬂﬁﬂé@ﬁ@%s@ﬁﬂ%&iﬁf&g@iaﬁéﬁm@Bj)diﬂﬁl@éiﬁﬁg aamwehaad;@nb@sﬂeﬁm forming a

duectes mme%{ ?la”%c? 107t gz? centgcaa}lly np QGSAH}OQ ed gﬁéatﬁg a% ] Ca}% eflecting and
iptically Shaped elgttrostatic prates or & SO ia

dlreetmtT said directed once deflected ion beam, for forming a directed twice deflected ion beam being
a type of said directed multi-deflected ion beam; and a vacuum unit, operatively connected to the ion
beam unit, for providing and maintaining a vacuum enviromment for the ion beam unit and the work
piece, wherein the vacuum unit includes the work piece wherein said ion beam unit, said ion beam
second deflecting assembly includes an inmer and an outer symmetrically and concentrically
positioned, separated, spherically or elliptically shaped electrostatic plates or electrodes for said
deflecting and directing said directed once deflected ion beam; characterized in that the work piece is

in a stationary (static or fixed) configuration relative to said



deflecting and directing said directed once deflected ion beam;

characterized in that the work piece is in a stationary (static or fixed)

configuration relative to said 6b dire®ted multi-deflected ion beam, and in
directethatudyiple dddbeé iontbeammiillingaistiyroat tien e (B Bjngilimgauchbthat (BIB)
mﬂﬁng'%%\%ﬁ’ﬁﬁ%‘if& mtdeagtadhionbeamis.diested. Mull:dgfiecied 9@t veam,

ion beam, wherein said directed multi-deflected broad ion beam has a
whereigisHfetéicepdvithiitr HerarpRr STibetsan Ut S0TRIcCb &Nt asaras of between

about 20RELAICrARSG3uTIlIDaiRES)s ACaONAINg ) further characteristics in
D R R R R e
below chanpdtedmay thietioniivdertn aeitramdstontherecrsa oentumitt foiepronddingely connected

to the RIESLANIGS o ARAENARINE Hﬁ%ﬁﬁ;‘é@ﬁﬂ@_ R BRIOR DEALMILEBA LB control
vacuum unjt. According to further characteristics in preferred

of. the DS AR A G PR ARREMHBY described below, the system may further
inslsdeiaileadinhe abditioanalivnitseletied! frombdiengroug chnsistingooidescribed

below?ﬂ\{gos%t@g %‘?aﬂ’f’&%@%?c’ﬁ%%’n“@%@ 82@%'&58%&91‘?*&1%1%’"5‘8{&{8'(?8%3 the group consisting
manipulating and positioning unit, an anti-vibration unit, a component

of: a vipshgipky iR BR A 4 IOHBE SRECPB I BidcECEnaiStfcal unit, wherein each
additional unit is operatively connected to the vacuum unit. According to
embodiments of the present invention, there is provided a system for
directed multi-deflecting a provided ion beam, comprising: an ion beam
unit, wherein the ion beam unit includes an ion beam directing and
multi-deflecting assembly, for directing and at least twice deflecting the
provided ion beam, for forming a directed multi-deflected ion beam, the
ion beam directing and multi -deflecting assembly includes an ion beam
first deflecting assembly, for deflecting and directing the provided ion
beam, for forming a directed once deflected ion beam, and an ion beam
second deflecting assembly, for deflecting and directing the directed once
deflected ion beam, for forming a directed twice deflected ion beam being
a type of the multi-deflected ion beam; and a vacuum unit, operatively
connected to the ion beam unit, for providing and maintaining a vacuum
environment for the ion beam unit. According to further characteristics in
preferred embodiments of the invention described below, the system may
further include electronics and process control utilities, operatively
connected to the ion beam unit and to the vacuum unit, for providing
electronics to, and enabling process control of, the ion beam unit and the
vacuum unit. According to further characteristics in preferred
embodiments of the invention described



below, the system may further include at least one additional unit selected

from the group consisting of. a work piece imaging and milling detection

unit, a work piece manipulating and positioning unit, an anti-vibration unit,
manipd atompengrs oraging it nit, aind &6 astuoneavorppieceianghgicadunit, at least one
work p‘%@@ (S GAFIAIAHONRI YOI BRGNS Y SORRRHCIRIG YACHYTL UM, unic.

According to further characteristics in preferred embodiments of the
m%rweﬁaﬁ@semb%%%wf the RetdroredBctity Birfidgdsastsee for directed
multi- csaﬂéaeegoi hewmeiKipiebamayL eRHasRORE fentheatopelrapiastheing eban unit
moludeos g;lelg 1€7 deltergr}‘ec%nﬂp %ﬁgmetl?rg feghe ng)‘srqlfa\g Cefo'%rgggcglmegrﬁ O]:: t{é?ast twice
present mverﬁron may be implemente d“ﬁy performing procedires, steps’
deflectgmdtheiprotedrs! nmabwanrer Sutatted flontitdengriouge Gongistimgbodm, the ion beam

directiH3amH %Uurtﬁ&‘éﬁ&@}ﬁ@%ﬁm%ﬁ Wi @H%W@éﬁ%@@sﬁﬁﬁ&t%%@ Neor deflecting
thereof, involvin use and operatijon of system unrts system sub- units,

and difgglinedie AR e Detih- S LRmHIRR SHISER RIS  etheitipp dgam. and ah ion beam
secondcoafipanentss«aleinefuisddhdsinpenighéradieguipment;edilities datieassdoiedeam, for
f()rmm%’nzg m@&%@aﬂ%éé‘ SMAAN8LSE ed%ek% o ‘wr? APOHR gpsggﬁbge%f ion beam; and a
manually, semi-automatically, fully aut%mat aIIy an a combination
vacuuth gpdo RAVIBHEEN eTOnaREEH dinlito Wchsalproiéetiliras v stagsangumadtépaing a vacuum
enviroBysie MUK S SYsiemsub-units, devices assemblies sub-assemblies,
mechanisms, ]?trllrlctur S, com onents ent% g Eerl]pr]eral
CCOording 10 Sr ¢ aracteﬂs 1CS 11 Gi’i £Mmbodaim !} mvention dQSCI'lbed
equipment, utilities, accessories, and materials, used Tor |mpfemerlt
below praetioiatam emb dditrie madidh el diselosed dnventiorontie pﬂ@@eﬁmtm@psonmcwd
to the RADSHPHIRRR HRYREREHLR era.g;i&r%rr% DREWALS « SUHWAIS, AARCLAR control

inte rated combination thereof, and the system units, system sub-units,
of. theql, ReEE! WELERBHREALBL Wesemblies, mechanisms, structures,
com@eﬂnegtsq é{emmsaramehmmphqrarewdlmnem;rnﬂﬂtaef IRCERSSOKIL SJescribed
elow aﬂg msqtenraﬂlg il %Me BRia US{II‘(I} 13 %N(ma ?eﬂ(%réan%e @roup consisting
integrate mbination fhereof n particular Soft are used for ¢ N
of: a Wblewreﬁmgleaﬂﬁémlemsi%m@ PYES St i OFfse rAvasptibelugis! positioning unit,
an anippr%fﬁdily@‘Bh&‘,oa“E@ﬁﬁ%ﬂeﬁﬂ%ﬁgﬂﬁiiﬁm‘rn%Wﬁ@%&k@érﬁﬂ%ﬂ%@e@@aﬂﬂ}h@af@[@ wherein
| g(f“ofté\;#/aret ograms, software rOL{trnes software sub-routines, software
cach addioi At gy DG RE SO RIArE K0 a8 e SERWEHE Hstructions or protocols,
software algorithms, or/and a combination thereof. Hardware used for
implementing embodiments of the present invention may include
operatively connected and functioning electrical, electronic, magnetic,
electromagnetic, electromechanical, and 9 optical, system units, system
sub-units, devices, assemblies, sub-assemblies, mechanisms, structures,
components, elements, and, peripheral equipment, utilities, accessories,
and materials, which may include one or more computer chips, integrated
circuits, electronic circuits, electronic sub-circuits,



hard-wired electrical circuits, or/and combinations thereof, involving digital

or/and analog operations. Accordingly, embodiments of the present

invention may be implemented by usﬁ‘ug an integrated combination of the

justdeseribedfsofiwaleand kacsd\iaiee BRIE b &@ERIR THOM: Glvehi described
elow ARAMINGs L 'ik%tRf?f%P HOVERHON IR RELEIN dpser '9%% %¥a°fc83§%£‘3 18 to the

only, with reference to the accompanying drawings. With speC| IC

‘f@mgrﬁ@i@féﬁb‘éwefﬂhé *IeavipigR npdRatameteTs sttbeseukiigethe particulars
showgaasR Y yak texamplaandiay B&Jmmﬁea{a&w{@maﬂ@csgfmmee stes,

he preferred embodiments of the present invention
o0 s AR LAt AOVITAG VPl SR BE s R TGP el
autom@trmlmadnyamd@mwm d@smfpmnlorhﬁweﬁpran@lplesaamd goneeptualts, system sub-
units, %?c@gs %s@?@o%?sgﬁg H§¥§1§EI% hﬂé&ﬂ&!ﬁﬂé‘r%{}%&er@%ﬁ)ﬁ@ﬁ‘ge é%ments and,

show structural details of the present invention in more detail than is

periphigt S8 Y T At HearfiitA Ui arStaPITE of the irRAMDITcSHE? from the group

cens;sdﬁ@ﬁﬂpﬁﬁﬁht@k@ﬁrﬂ\lﬁhdh&tdﬁﬁy\ﬂﬂg@ making appaiedt ilwseiskileddn Mecover,
accoraa ggtz[ 10 a ua 1%\55" i?'rlesfosl:(ren% OS]EI hs IQ‘V? éﬁcl)lq 1';.?18% best%mbsu t%gtén e@g tscgssembhes
cfraW| gs: Fig.1isdasc ematic. lagram illsgstratlng aperspecf}

sub- awwi@ﬁaﬁ%k@mmarvwﬁm%é@@p%@lﬁg aleppsivial pre-peciphred savinplenpfutilities,

accessarROI N i@ semicenNUrGiplavalen o ehinaving R SWEACE: (Wilaosed invention,

the o118 king element), %d selected featurfes and paramest’%s thereof, held by /

- the e B S AR WHBH B AT 16 (B SR W e o7 end o
lﬂtegi:betértrpmhikm‘gmfdlhemfnphé thy Rymtemertingythen présentsindention pfermbiies, sub-

assemBHAMPIE1 AR RALL 9&9&%@1@9 gsnéetmpé%mn@glcggaa%b{a %ra?”%ﬂ%;ﬂ(?‘m utilities,

part of analyzmg the sample; 2 1S a schematic diagram lillustrating a
acce%qgféeé VI@W df]%lﬁf@, rm&rﬁ)]ﬁﬁréf% d %Oaﬁ,ﬁgffﬁreof éd orfand an uﬁeorated
combimuliirdeflegted ion beam milling of a work plece and, determlnlng and

ntrol rgng exter}% thereof, Partlc larl §ho e ion b m un
(1 2] I are. used’, for 1m em % nez {13 0 ée{h mvention may
re ati)on to the Work piece |mag| milling detection un

inclvd@a@%mfm@%ﬁ@é%@k@ﬁ%l@d@%ﬁ@ﬁa@uﬂm Lmltpia!ﬁédaﬁaﬁl%% therétation{teoftware
progr&ﬂﬂ@ wakkaRiecRdRd astHrfacetheretiein asepidanaguwith mﬁl&@%e%ﬁware code,

invention; Fig. 3 is a schematic diagram |Ilustrat|ng a side view of a more

SOl AR URHS P Bt RERHRABTEIB el BHidotimart b dbetet fiyare used
for inhlpacticedackytsliowing ah W 2066/02:858: PET/ 11:2005/0p8913 1 Oonnected and
funcuammé%xcﬁp%@éwoﬂr@fﬁarﬁgtﬁ%?e%ﬁm%‘;ece t@?eaf?%%%hm&gg dhe fon
beam unit, including the ion beam directing and multi-deflecting
assembly, for twice deflecting an ion beam, and showing an exemplary
specific preferred embodiment of the work piece imaging and milling
detection unit, in accordance with the present invention;



5 Fig. 4 is a schematic diagram illustrating a side view of the directed

multi-deflected ion beam milling of a work piece, and, determining and

controlling extent thereof, illustrated’in Figs. 2 and 3, particularly showing
opticala GrOSB-SEGtoNadrsidevieis. afeairmorasdetbile hdompanigit |evehueksionsofictures,
CGIBpO%%tgeM&gel'l?@IQth% % Q%M%HI{]({JHQH%Q tgc%ég‘%rl@?aa% q’“&[%} nlg %Vr}llﬁ‘,h may

multi-deflecting assembly, structured and functional for twice
include; 8He ¥ B4 SORMEARN T EESaSA & it tﬁ’éCﬁfé%%ﬁtfwémieﬁran@ sgisgireuits,
hard- vsar&ﬁlblemaﬂﬂ: df&g[@%]ﬂh@ﬂ@ﬂﬂﬁﬁ@@@@%ﬂm\w%@ﬁ1@% CBF%EBQTMOU operatlons
Accordii-deflected | £ Jegm millin 1gveant\1N0rk gelluR ”%%eéj S a——

and-4, “paracurarly ‘showingan exemplary & Toecmc ARkl Bmbs %r’l? &
Cﬂmbif@ﬁ@a@lﬁ ¢ ihe fispebbathsefivsrelefibimidgassembly and the ion beam

second deflecting assembly, included in the ion 15 beam directing and

multi- deflectm assembl of the ion beam unit, structured and functional

3 t it accordance with the present invention;

Figs: ﬁzaseﬁenar@zsozinemwardt&gcams togetherdfl usirapiaghal perspeetivence to the

accomMISVAY B FARLOAA BNOHRT REGHENCE of AL IRDBERM, AGSIR RMflesseq tmat the

eflected, relative to an arbitrarily assigned longitudinal axis coaxial
particujh eIV pidte, By rBHIESTIG D SRR ST aflEstRtvasisesmiblipnatitereferred

embomemcbmebpmrdeﬂe@tm ARBEMRlYaCO5FeRRRRNINGHO @u?df%ﬁ&@\liﬁ’iﬁ@ what is
beii ﬂ egte‘:(fjl ion bE? edofd recte mtultl -d flected |o ?eam hich ro ates sl
“IVh & rangé of Be v?/egn TR OB [N R SIC‘FP Il al BRI ARiE §“ conceptua
aspecty Wé&t@@rnswandsentmd?@%emﬁgmmg@seupnns mdemqsllshcmmwmm@s of the
preseli‘(\/ﬁw;@@&% inrecerdrnes WithAhe Presentinyartion ftlgéeglcgn(YQU'%fathe invention,

schematic diagram |IIustrat|ng a perspective close-up view of a directed
the dejimi e tbtiet thifce B iitse P8 AT D T dirdietelt tfardow the several
forms irfcidentawidn iepibg mghupied jandomilingtia surfage:of a first type of an

exempl K piece. (a ge Il sﬂhaped rectangular ab) cular

e AT I A0 B 0 icce
being aiepiFie WoFKIPEee sHNBCOrd eVt AP FeBErRIOBOY Meepitidnp rn?qznzba surface
(with ES1ﬂd§ﬁhemﬁﬂ%ﬂﬁa@[ﬁnﬂéi&waﬂéﬁ‘@r@s%@B@%W&c@oé@fm view of a sample holder
| dire ted mult| dleflectebd gtwme or thrlc deflec hSIT %) n beam directed

© eme‘fdwa%%qﬁé’%epn? IBIRGH (o, Gﬁ&l RiniRg; tiIRc o SRigRg tine the
presentypecofian éxemwbairy wopkrpigqee(aWOHR0GBIOR 106 81icro-anaiysis, or/and as part of
analyZng I b4005/000913 11 typical sample of a portion of a semiconductor

wafer or chip wherein the surface (with a
Fig. 2 is a schematic diagram illustrating a side view of an exemplary preferred embodiment

of directed muliti-deflected ion beam milling of a work piece, and, determining and controlling extent
thereof, particularly showing the ton beam unit in relation to the work piece imaging and milling
detection unit and the vacuum chamber assembly of the vacuum unit, and all these in relation to the
work piece and a surface thereof, in accordance with the present invention;

Fig. 3 is a schematic diagram illustrating a side view of a more detailed version of the

exemplary preferred embodiment illustrated in Fig. 2, particularly showing an
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mask) is held by a sample holder element, for example, similar to that
illustrated in Fig. 1), particularly showing relative geometries and
dimensions of the ion beam, the surface, and the work piece, in
WEGeidanaegswith the present invention; 5 Fig. 8 is a schematie fiagsaioo13
illustrating a side view of a more detailed version of the exemplary
preferred embodiment illustrated in Frﬁé 2, particularly showing an
exemplary specific preferred embodintent of the ion beam unit, including
ethmpbmesniidiredtng ambedintd ef dting Bsseemahdopttten deflenthging
RN ANREA B ARG A AR SRR T JBTE R AMDMENPLINGY beam,
work piece imaging and milling detection 10 unit, in accordance with the
ﬂ%f?é‘"%‘@ﬁ’f’iﬁ\?é‘rﬁfﬁ‘i‘?l%f‘@ PROIAS BFrdrRaActenshamant 06 fhatitigra Rifes Unswing and
nihEndilReiadmulli; defleciadnionvhpam prikingiefawark piece, and,
determining and,controlling extent thereof, .iljustrated in Eigs. 2, and 8
et e S S O i PR R ot
igorhgronentiege biersiomlofiikeciombe drterminiigckiding tieliow bedent thereof,
iGliRGHO R IE-deflacting, AS SR, stiiclutediand MACURNAIIOL more

twice deflecting an ion beam, in accordance with the present invention;
defgylotor RR e il c  BEIGRh i 4t G ensetSpleBRAER BN omgeding the fon
baifacigickcomylti-chafl epiad donmebeam lng0f anvatkepiear, ikusiiatad dr fwice
Figs,.2, 8, and 9, particularly showing an exemplary specific preferred
e e R R IR, ssserbiy, he or
beami8gcénis deflebtingtiasdiepibly, illuciitiagon peamrdtiie viefletitiy directed
Aaseamhitdaciydedin thaian beaq %ﬁ&ﬁﬁ&@nﬁm&meqe&e%qgg 2, 3, and 4,

assembly of the ion beam unit, structured and functional for thrice ™~
RABHRLEAG SEAVISRB O K cBradis s fRtrr thembreimspiabentivpf thryiopbeam
fissadelvakisiagsanbilusitatioganexesplatydereianicdsmbdimentaf heée ion
wasYaiRie” dlecien muttastested ion baam Mang.ofa Work BIEGeied and
Including the iGh° beam unit and a’vaciui Unitanthvariots poSsﬁﬂle
fupettifiel dxemisiady fraiagradicarhtodimentsrthareofjthyhiuptheminichedingat

least Q*?g‘s.3619i«»“@é‘%lé‘Eﬂhéﬁ%tﬁ%m_tﬁ%e@[&%&%ﬁi&“Q%&%J@q%%rléiew of a

piece imaging and milling detection unit, a work piece manipulating and
TR SR <RSI Betfo PR dBfsHhut MR erird dRtgtire o an
Bbiwelly pispmanalyitadiuitaisacerisdanie wEhihe plesenlifvenienon beam
B d0i SRl e SR S AR e
deestadntiiiergdsflectodoringierse tihesitataeriedRigild deflected dvd dnom witlhihetates
RresantdatiRBen 0° and 360° around the longitudinal axis, and is directed towards,
incident and impinges upon, and mills, a surface of the work piece, in accordance with the
present invention; | |

Fig. 7a 1s a schematic diagram illustrating a perspective close-up view of a directed
multi-deflected (twice or thrice deflected) ion beam directed towards, incident and
impinging upon, and milling, a surface of a first type of an exemplary work piece (a
generally shaped rectangular slab), particularly showing relative geometries and
dimensions of the ion beam, the surface, and the work piece, in accordance with the present
inventiomn;

Fig. 7b is a schematic diagram illustrating a perspective close-up view of a directed

muiti-deflected (swice or fthrice deflected) ion beam directed towards, incident and

impinging upon, and milling, a swface of a second type of an exemplary work piece (a
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WO 2006/021958 PCT/IL2005/000913 12 Fig. 13 is an (isometric)
schematic diagram illustrating a top view of the system illustrated in Figs.

I 1 and 12, in accordance with the present invention; Fig. 14 is an
(i8Prosdiissehematic diagram illustrating a perspective view,of g ns000013
exemplary specific preferred embodiment of the work piece imaging and
milling detection 5 unit, and main components thereof, in relation to the

ion beam unit, the work piece manipu‘l ting and positioning unit, the
tminﬂb@ﬂenkinfagmgimipfm@mibﬁmégetm velfstion tbithehevonk thiesefas (with a
PAAE REYSICRUUSEHEL RS A 2SS hASC AP AR WL ING Fig. 1),

present |nvent|on 5}} 15 is an (isometric) schematic diagram illustrating a
A

ISEHSaEH VARG B eLeP RElRI AR ISET Rt FR dshiBierugfce, and
ey sipieda n&nmt&tmghaael RestonnEtidnt, and main components

there rtlcula yiews o the WO plece older .
asser(r]g f?{/J Withou awtécr"k pI Ce (aiugtpadn\%l?hsélI ?/v‘c’)lrwpolece mb%%t‘be‘lrsmn of

tiive expsteinryillpstivred ienfhigbmeRta it g8ited amcé*ﬂ@ar?cethhﬂtmlprdmmhg an
é&%&%ﬁt&?ﬁ,sEéaﬁ%%E@é@‘mHmﬁg@%”HﬁI@ém GnROMBIRGT, the jon beam

cross -section view (upper 15 part (a)) and top view (Iower part (b)) of
QAP ek iy lspdgn cpratehtedob i ABIRGN et dlege and an

mgm@ywpebrﬂdImgfdeeteeﬁﬂmlmanaaﬂtmaua;ﬂ@mwnaag&@%minﬁ{grdgtectmn
lIt ;Ehaecégrn ‘g}eam argeqls hie workdplece manipulating and positioning

unlt as par of the sysF filistrated v Figs. 11, 12, and 13, in relation to

the wdtlgfiaee, thmm&hmamgligﬂrmm&mmwg:émd dioetrallinglti-deflected

xaRLef kmbgast @'u&@ﬂcoéigcwoﬁlﬁdz%&é?ﬁﬁm%aﬁg@r&ﬁﬂ&?lwghem&t thereof,

present invention; and Figs. 17a and |7b are schematic diagrams

st an g st At SomuRsiaty hRyRn i graeptrcapaatsger immipf 2 more
datllielivorkppirae jas paisRbhASteeniog: aAduse ﬂﬂﬂumﬂg%@mrpﬁé% directing

beam milli of a work in ansmitted electron .detector .
ascgemn% iy inciuded i the E’f S%r Cp‘fe%%e n?]jetf;d?ﬁgtf% h Ha i ﬁ?ﬁﬁea‘g%c‘i% AP beam,

igstentsdcowith ﬁﬁgsrei@fnamdellﬂom accordance with the present invention.
DESCR%DTII(QN QEC-EHE-AP BE&&BB ﬁl%sﬁ%ﬁ? QIM@%@@N@%E&E me directed

|nvent|on relates to ion beam milling of a surface, and more partlcu arly,

irletieiad daiceeaminaridiserl fruFkcRiefnUibsEred e oesbdark. and 9,
mﬂﬂﬁ@aﬂ@ ObaingH pmmlaﬂdpeetmmmmeﬂlmeﬂtw exient the ion beam

{%o{], he present invention is generall licable in a wide variet
gerent % g gssgf%%}’érg{g é%lgonragu g glrﬁ c}éﬁg&ng assemqjﬁy, de the 10n )éeam third
deflecting assembly, included in the ion beam directing and multi-deflecting assembly of

the ion beam unit, structured and functionat for thrice deflecting an jon beam, in
accordance with the present invention,

Fig. 11 is a block diagram illustrating an exemplary preferred embodiment of the
system for directed multi-deflected ion beam milling of a work piece, including the ion
beam unit and a vacuum unit, and various possible specific exemplary preferred
embodiments thereof, by further including at least one additional unit selected from the
group consisting of: a work piece imaging and milling detection unit, a work piece
manipulating and positioning unit, an anti-vibration unit, a component imaging unit, and a
work piece analytical unit, in accordance with the present invention;

Fig. 12 is an (isometric) schematic diagram illustrating a perspective view of the

systemn, and additional units thereof, for directed multi-deflected ion beam milling of a

“ work piece, illustrated in Fig. 11, in accordance with the present invention;
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manufacturing, micro-analytical testing, materials science, metrology,
lithography, micro-machining, and nanofabrication. The present invention
is generally implementable WO 2006/021958 PCT/IL2005/000913 13 ina
W@ﬁ)m{;@%of different app_lications of ion beam miIIi_ng pf %%2\6%@%13
of different types of work pieces. The present invention is particularly
implementable in a variety of different applications of preparing or/and
analyzing a wide variety of different t§/Bes of work pieces, particularly in
the fdfip. df Samples:oematecialsasivchigssthosestetived frpnvibw of the system
angmeandvelonwalareonchipshat A deleused g anove
indicate efémpla.ry |ell. s. A main aspect oF;ﬁe present invention is
providitn bt & e fiomesicirshesirtin diadaniedtedridntor asTspTiNiig ofey of an
XK R GRu e RiIRE D @ FRIRYWRE: DRIR. SIRPR AR incQMPANE M B dctection
functionalities thereof: providing an ign beam; and directing and at least
U (i U SRS R FBRAER 1B HRUM, RrRSrith B ikitedhe work picce
nimifi:defie etethisdtibsamuniwhaeeinitipe riretedingultiid efié atb thion iheamiis: o
iresieq auards, ngidentandimRRges HAAN. SRS, 7 3lags:of B me
work piece. Another main‘aspect of the present invention is a
PegfsEsgiAaton of the method for directed multi-deflected ion beam
millingrif asnerks NiBsR B LSRRG &S PARY $IRAraliROf RNBERAGLIQw of an
directed multi-deflecting a provided iog beam, including the following main .
% éﬁﬁ?%%??&%ﬁ%ﬁe iRt RG ¥ IR RIGH GIABERR 3RSt PesgPning
uhviicandieflipctingptiverpy ovded, ipartbhedary fdrofetnginge-direéied of the work piece
ti-defl i deflecting and directing the, provided |
L S e T SR e o
Hpdrafrd cifitpthk diré d e dnaseer drame crétdy tbn ivesnd, ifoedbeming a 20
directeshwices deflasiediion peam henam iy Re ahiiedikrstet clion view (upper

multi-deflected ion beam. Another main aspect of the present invention Is
BroViBlorYt d8eviRd P Teded MllinGetiited o EMATIfRTGHEE preferred
anvdikipieaepfribtuding pheddlowing mainmitiomponeaiis and fdatiemaditiefonents
f: i 150 bly,, fO{‘v [ vigin n {'o Jeam. andi n.
e B e B0 ST T e
Wt ey efl eivigtere i Brebidetiphigedrh, for sefrhin g acdifoetéel the work piece,
mistizaefliaated iondheafamivhesainitbendisasied multsopilacied ianReamisork

directed tow%??js, incident and impinges upon, and mills, a surface of the

RIS P BCE T Y e R WP LR et invention 1S &

sub-cdigbinttzomdf tAk devisddontic diagrams illusirating a cross-section view of
determining depth of a target within a milled work piece, as part of determining and
controlling extent of ion beam milling of a work piece, using the transmitted electron
detector assembly included in the work piece imaging and milling detection unit illustrated

in Figs. 14 and 16, in accordance with the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

‘The present invention relates to ion beam milling of a surface, and more

particularly, to a method, device, and system, for directed multi-deflected ion beam milling
of a work piece, and, determining and controlling' extent thereof. The present invention is
generally applicable in a wide variety of different fields, such as semiconductor
manufacturing, micro-*anaiytical testing, materials science, metrology, lithography,

micro-machining, and nanofabrication. The present invention is generally implementable
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directed multi-deflected ion beam milling of a work piece, whereby there is
provision of a 30 device for directed multi-deflecting a provided ion beam,
including the following main components and functionalities thereof: an ion
vheamedrmsting and multi-deflecting assembly, for directingeamdianéeasiyis
twice deflecting the provided ion beam, for forming a directed
multi-deflected ion beam, wherein the,ion beam directing and
multi-deflecting WO 2006/021958 PCT/IL2005/000913 14 assembly
iny ﬁdﬂi%%aﬁﬁ*%& SiElrriraPHetiR Ry askeamiinitlrseti Rty araty néétfﬁaem

tytﬂilﬁ dmw&dqﬂd@aa beperésedonming & dyg@t@@mﬂ@aﬂgﬁﬁ@ﬁdbu@mbsamety of

d?}l%re 13%% g cpengndeflegtlncp as]?%embl for defle |n ?in f_}_ielrr1 c%tln
b gPe once ﬁgteé"%on eam r?grmln a re te P

woeflpated. maJmmmﬁgeéqyp@wm!wrectedesabmuca@ﬁébmd dgnved from
sORRBARANG A %ﬁfiﬁcﬁﬁttgﬁ RIGREMLIVTHIAN IsuBtRVisiRt Rl & xemplary

Ffi/Stem for directed multi-deflected ion beam milling of a work piece,
éfudlng the following main components and functionalities thereof: an

ion beamaimlhswdaer@nﬂaq;tmmemmh lmcmae@xam tInabeamolofliCdirected
rowdln n iop beam, and an dlrectln and
A ieD SR e St b, SRR et s, and
cpwmnmlendb“eamom@hﬁmﬁhﬁgﬁ mmugﬁultpdéﬁmmddhrb@am and at least
HHRETRIAIRG &E%ﬁﬂné@&‘%xﬂﬁ@ﬁﬁt%ﬂ?&ﬁﬁ@é 5 U RdiWAdRed | 1011 beam,

incident and’impinges upon, and mills, a_surface of the workgerece and a

whestiartha irepd Ve ISRt laR deemHe MirHehivamRe: RAifmAAamynpinges

upbAl, aﬁalﬁmmlﬁlglafmwum ﬁamrp‘iement for the ion beam unit and the work
15 pie Otﬁ’referab

e yacuum u it includes. the work erably,
e S e e R S P 8 o
fopéiativd yobindedbtddderthecion hdbing ofin amdkipitke vaewrim thee, foprovision
JRviding  lRciipRics RNt eaaRlNg BF&H&&? &9%@%9“14&&1‘19@ *E’r?eaﬂ}nowmg

unit and the vacuum unit. Optionally, and preferably, the system further

”iﬁ‘é‘i‘uH@Bi‘atal’@as?%?}é’%t’ﬂéﬁt|Hﬁialfli’|“ﬁf‘§%’|‘é‘8f’édt§@‘f?5n?'H?é“g‘é’o@ﬂdcéhéi’é‘ﬁhéwm
deﬂ@mgr&algﬁe;ﬂﬁeagmgbam o Tgraleie Gl Aire it awarkefRigee ion beam, by

J[nanipulating,and. po ﬁlgon(l)quugu L an anti-vibration unit. a OJ“OPO”%‘;”}[ od §
|mag|n Unlt d gt a%rt one wor plece %rnénPiCnﬁ UI’]Il c erélcr? egcﬁc cc 1on
tedulitiondl @ﬁnqgr@m@ﬂu@mr@oﬂm@tw@ mecv@ﬂfmmdumt Rpsfefabfprming a

dhpecrlealeifsienciniacRas Fritsal Hiilitiesis dﬂl&‘i’eﬁ%ﬁt'&&i\éc@&%ﬁq}%

to each additional unit, for providing electronics to, and 25 enabling

proce PRUBIHE, 2Rk %@‘ﬁ’l(Bﬁ%??ﬁtrﬁ’c“’ﬁi‘%%WV'&B&rﬁ%@éﬁViﬁ%@h‘i&émd

wiitki-deflected ion beam milling of a work piece, including the following main
components and functionalities thereof: an ion beam source assembly, for providing an ion
beam; and an ion beam directing and multi-deflecting assembly, for directing and at least
twice deflecting the provided ion beam, for forming a directed multi-deflected ion beam,
wherein the directed multi-deflected ion beam is directed towards, incident and impinges
upon, and mills, a surface of the work piece.

Another main aspect of the present invention is a sub-combination of the device for
directed multi-deflected ion beam milling of a work piece, whereby therc is provision of a
device for directed multi-defiecting a provided ion beam, including the following main
components and functionalities thereof: an ion beam directing and multi-deflecting
assembly, for directing and at least twice deflecting the provided ion beam, for forming a

directed multi-deflected ion beam, wherein the ion beam directing and multi-deflecting
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the ion beam unit and the vacuum unit. Another main aspect of the
present invention is a sub-combination of the system for directed
multi-deflected ion beam milling of a work piece, whereby there is
vooovisieneka system for directed multi-deflecting a provided-iamnJoeasme13
including the following main 30 components and functionalities thereof: an
ion beam unit, wherein the ion beam, ynit includes an ion beam directing
and multi-deflecting assembly, for directing and at least twice deflecting
asgsapisolieiudrornoen beadr fsindkily g esten iulttudsiadeisnddissiing the
pihgdan i arh Al e6tingHang Mutidetesing asrerabhviNBlidesaal @Nion beam
bea fiﬁt deflectin W(% 2009/021958 T/I%_ZO%S/%OOQtl 15 aaﬁmblx.
B T S T A T e T Rt O G
bancefwcfecied wnilbeden, ok adefentbéam Seeondadef ectiigs asSémblytected

Jandekeqting.and., directing the directed once deflected ion beam, for
forming a directed twice deflected ion beam being a type of the

multidetibetaeriBrrpednl HRPHITnDEatrRAs SRy dfetih gy saskmRzcted
m@iidrieeiing ispdudiectingithe diractodanee-deflasirdiign bramifdking main

T e

irttleden dzeam beitn ferypro\dsiogdyndiorapntaiding an vackeare maridommi@nt beam

 dlRCIRG AR BEAM MALRY fg{&?rlléiytf‘?ox?%ﬁ@&ﬂigr&ﬁﬁrJP?&HS‘?R\/?JQC%E%@!%{% the

and process control utilities, 10 operatlveclé connected to the ion beam

PEYitisAdom ey SRLpFiRE firestel G -defdeaieshies bsamnt ey directed

nRCesRcentioh ehdhe danbaamsiit &NdihaeraeHl Mptite Opinnali, AN, »

referaply, the system further includes at least gne additional unit selected .
SRR B TR bAoA G A A ek ot

fumxtt:oaidmglm@mmmhig_m atmgandrpasitionin gou ik wm anmwmmm lin!ainrk
P%QQW%BHW&H&'%MQQ&@%%O%%QK piece analytical unit,

wherein each additional unit is operatively connected to the vacuum unit.

Prefefpfftaiie discrsiies SR rivbder shvsrnintaadiPrassss nstarhveifities,
opRrAmestetiaeath addiionah Unkno L REOYIRING elRCtiaBIGI UM Kor providing
?nablin rocess C%li’ltl'0| of, each additional unit, jn a manner.operativel ,
eieflrom SO rhe liﬂ\é unit.

Stegrated it feIoReHRSREME SR tHe SCTBRAMYH oty H4
(rzpeolipf thé présehlyinkenjigenisiprbeisimiudtaariesiochéorddGteainimingelected

0 aentralina xiantobion REAM, LRG0 S URIKRIRGE HEMABAIRE o work
following main steps, and, components and functionalities thereof:
;ﬁ@g@,ﬂwa@&%@m positioning unit, an anti-vibration unit, a component imaging unit,
and at least one work piece analytical unit, wherein each additional unit is operatively
connected to the vacuum unit. Preferably, the electronics and process control utilities is
also operatively connected to each additional unit, for providing electronics to, and
enabling process control of, each additional unit, in a manner operatively integrated with
the jon beam unit and the vacuum unit.

Another main aspect of the present invention is a sub-combination of the system for
directed multi-deflected ion beam milling of a work piece, whereby there is provision of a
system for directed multi-deflecting a provided ion beam, including the following main
components and functionalities thereof: an ion beam unit, wherein the ion beam unit
includes an ion beam directing and multi-deflecting assembly, for directing and at least
twice deflecting the provided ion beam, for forming a directed multi-deflected ion beam,

the ion beam directing and multi-deflecting assembly includes an ion beam first deflecting
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pre-determined values of at least one parameter of the work piece

selected from the group consisting of: thickness of the work piece, depth

of a target within the work piece, and 25 topography of at least one

sirfaceftsse work piece; performing directed multi-deflected rimtieanes

milling of the work piece using a method for the directed multi-deflected

ion beam miIIing of a work piece, incjuding the following main steps, and,

nd functjopalities thereof; providing an jon beam; and

Fé‘tﬁh‘rg? %ﬁ%%%%@&&%&mom A RSN T D UM & ffsHAG once

daftbmdtedmaﬁmdeﬂéciedzwnbbmmcwhereuﬂﬁnerngaﬂmmﬁiﬁd for deflecting and

C{{? C il}%eﬁleﬁ ?c(j:te Oggeaf'% %Cq”épgege%ol}llva{()ds I rlii%e nt(ﬁ'%glewp\’l\fl&e%%igg Qd ion

S,a SUI’ ace ortne WOI’k piece; fea easuring In- situ

h@%@tt@ﬁ@ patbmefethemﬁe Jedaetpibm fmr@mﬂﬁg&e isat Bfamawsomddleflecting

AMadHes Ofdhe-AtdRASLANGIRRIRD BISircARIPSHIRA LR 26! R BeMERS WRding a
valuei to.the p owded set of the pre-determined values, WO 2006/021958

1%%%1 6@?3@&&?&% Finthg eetdr hsienbirsisciesk e fsamicapd
with:th ety mypasing]feedirgdockiiadcsebeatitheivdtitepdifidiepaas ftdintaining a

Vca%ﬂtlmgn\%pl% er{grmlngn%%%%ed pultl -deflected ion beam milling of the
WOI‘E‘?)IGCG unththe value differences are within a pre-determined range.

In the Frrferaddy.tike dogiee Srdsietiiitgest destamisatrdnersndacensiofhutilities,

SPRHPIBE R oRROESRODRS ih thedaPRgHanhy 35 REINGLENEOLINE for providing
pre-defermined parameters of the work é)lece According] @/ the present

SHrountion 1 BRESABHL RSEE Fetolobdbc i mtrra et pndi g vacuum unit

@pbeﬁﬁiﬁybmatmﬁﬁrﬂwem& sfsmdnmarmmmfhe@ed R hedromilling @fccted
piece, anSdl tdeter |n|n an%c%o%rollm Cguthergot];{cilo Iti |st .

e uncfegs(fogd;?ﬁ ?fﬁ% Present mvention & h immlte iN5tS application o Vo
pirsesaiipustit s fderstiosinguen b anamd-ibmitien wilprocetinrosnisimpging unit,
andzsubssteps. \mrlpee@n%%&mmﬁm%@;eﬂ egEﬁoaH?@t19@5@'{§\f?f1gy9&ratwely

composmon construction, arrangement, order, and number, of the

g%‘t%‘ffﬁch Mt es‘(ﬂf‘ﬂ’ﬁ’i‘@nge\ﬁ’&‘é@f %ﬁ@ﬁ@ﬂﬁs é?fﬂﬂ‘?é% control utilities is
sirechperisindy stuipiires, U@OHaf:ﬂr)%ﬁtﬁoﬁi@mﬁmeoarﬁan!im%le&tmmcs to, and

ent ésé utili t| Sy ssgguta nd materlals set forth.in P
r§h dg b un
?o | Iustrg?f\lle descrlp ion aﬁ?f] accétr’nlﬁlanymg 8ra\)i’/|?r1"‘lgusveE f@tsegated with

Bherwisespatifiedily viarmmaiiein. The present invention is capable of

other epbeeiments apdef freing practigedhALfRMIGH BHIRINATIOUS WaYBad for
Although procedures steps, sub- steps and system units, sub-units,

delsrauting e frulliog aRak AlyRE TR HHIRmEL arrtielrBisce, including the
toimponenitnelemenis], andhpespbed cindpioielities thereof: providing a set of

pre-determined values of at least one parameter of the work piece selected from the group
consisting of: thickness of the work piece, depth of a target within the work piece, and
topography of at least one surface of the work piece; performing directed multi-deflected
ion beam milling of the work piece using a method for the directed multi-deflected fon
beam milling of a work piece, including the foliowing main steps, and, components and
functionalities thereof: providing an ion beam; and directing and at least twice deflecting
the provided ion beam, for forming a directed multi-deflected ion heam, wherein the
directed multi-deflected ion beam is directed towards, incident and impinges upon, and
mills, a surface of the work piece; real time measuring in-situ the at least one parameter of
the work piece, for forming a set of measured values of the at least one parameter;

comparing the set of the measured values to the provided set of the pre-determined values,
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20 utilities, accessories, and materials, similar or equivalent to those

illustratively described herein can be used for practicing or testing the

present invention, suitable procedures, steps, sub-steps, and system
winisosaidpranits, devices, assemblies, sub-assemblies, meghaRiSHSHo0913

structures, components, elements, and, peripheral equipment, utilities,

accessories, and materials, are iIIus;[ tively described herein. 25 It is also

to be understood that all technical and scientific words, terms, or/and
fophvaming, usddherbin dHfegrrsAstheiprdseitb discreBnaingisasitiebatie the set

of ARNIGRLQL: BURIREs MEANGHAS £ MRPARYHEderterd ang-at Ardin Yoeam
skill in the art to which this invention_belongs, un,Iglss otherwise

milling At LR oMk iEE YR etinses 818 Y I ARG IS miid range.
notatienhemplove i degtacthf ocighiitititio® thecsdaist isclasuteasé tferiibek piece
urpose.of escription . Id be re limiting. It is.to
R S L G g
piegseratively connected' is generally used herein, and equivalently refers
to theacesrasiRending §b@§é}ﬂym&mmrﬁse&éao@@H@M&&E%@ib@&}dgﬂmice, and
S%(;g)eratively attached', where t%e }Qperative connectign, operatjve joint, or
T

Wattt WFIBERISSbeser 41 SBperfomyiislellssgibionenpmilling of a
mcbpreﬁq@ﬁd, dqpéryisicial mm:dteiﬁmgieatamrtaadce“lectronic,_ orfan_d

mechanical bgréﬁg%g?!)%ﬁt{H-WEg anicaly veaé?n A% Wnra%eﬁaoi%’s'%ﬁ ication to
various types an Inds 01Ei ardware or/and software equipment a

theofsidn@htheneteiove FegiFtsehpiéauabeTs ik ptifiedver ssteesnsd owbrsteps, of

oBbaRES ointiodlceduArfines: desgibediayapg t}/gegem%&%ﬂ,t%mmmm, |
above Background section, are equally or similarly applicable in the i
SRR AELrgtn BIRRE p b Fe BV EIB ORI T80 a4 flgY ot pssemblies.
saipﬁmdﬁdaslaimmmﬁfsrﬂ_sespt&gem,imptimti;nqmﬁn&ﬁtﬂ,admdmﬁ@smpalameng
GRS QLING BresentInNenfion. Wik r%sHﬁgtf‘cﬁié%?gtfﬁa§t?az‘%%r§e8é?ﬂ?ad] and
uhereln, In a non-limiting manrier, work piece génerally refers to any of
agepyihar AR Retyasti Bifferalst syfeswirnrats e s oisted dagsinicbiripretont invention

inalRtalsCaRMiG IS Rdrempetalli:Ratedals et llow various ways.
%%ﬁteri Is, po(I?/meric materijals, composite materials thereof, or materials

RVEH HETETBRS, FeReSHRIRRSIGRY WSIThiMNE naiRg alse ARHSRY AsEsmbties:
st;kpg%b&&rtatgﬂmimlstmiﬁe&ésdmp@ai@uﬂm therfarn) aid satpipdel equipment,
lﬁ%ﬂggda&%_ggoa?%tngl@ ﬁl'&e@zfi% Walen. & W ga;éﬁ-%&%ﬁ?yhz%gt%twg@;%esmbed

warfer. Ordinarily, such a work piece (sam IS pre-prepared usin
IsiRipocan A1y thesHs i prach Fin patiGHiRG Ml geresIal Bivantioln, siichlatpeadures,
eipelog@dstapy. Sind  system  units, sub-units, devices, assemblies, sub-assemblies,
mechanisms, structures, components, elements, and, peripheral equipment, utilities,
accessories, and materials, are illustratively described herein. |

It is also to be understood that all technical and scientific words, terms, orfand

phrases, used herein throughout the present disciosure have either the identical or similar

- meaning as commonly understood by one of ordinary skill in the art to which this invention

belongs, unless otherwise specifically defined or stated herein. Phraseology, terminology,
and, notation, employed herein throughout the present disciosure are for the purpose of
description and should not be regarded as limiting. It is to be fully understood that, unless
specifically stgted otherwise, the phrase 'operatively connected' is generally used herein,
and equivalently refers to the corresponding synonymous phrases 'operatively joined’, and

‘operatively attached', where the operative connection, operative joint, or operative
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Provisional Patent Application No. 60/649,080, filed Feb. 03, 2005,

entitled: "Sample Preparation For Micro-analysis", assigned to the

present applicant/assignee. Pre-preparing the work piece (sample) using
Wonigosaalytical sample preparation technique is based op3Gy 2065000913
'sectioning’ or 'segmenting’ at least a part of the work piece (sample)
precursor, via reducing or thinning at least one dimension (length, width,
or/and thickness, depth or height) of e size of the work piece (sample)
afieclonesdr i byausintngnéoor ndnsisabesddml ctittingableadng, slicingyic, or/and

SRANARONISHNG. ALEGEIESNEIE Y RERAUGING ARreRASRSL %&J@%&ms and

(sample) ready for subjection to another process, for example, ion beam

KRR, BRERaEh oF i SAFHR 1 TR (A B ARG 1A4Q5eaHe all technical

ablimensioifi{lengrds, widths, obiand thliekRessnaemib-or kefghi, m@&ﬁﬂ@p Qa‘r/and
exg%lWFggdali)Olé)e a (rwg r ai'ngn %léltti5r9 gllécron aon sna n?alq a th
in aprang etween anc il eters anaqa%o’ﬁt 5 i ePé’ e m ¢

%wtm@wardmhpt@@pefct%méephﬁagebmxﬁe@ﬂncmnnlgsoﬁwmﬂc@etelmms of

Hefeifeni@Rvbiaam. milling of a work piece generally refers to impinging an
ion beam onto a surface 30 of the work piece, whereby interaction of the

jon be ARt ele hetsone 208 FHSH G Ahe mrtsRR AN RSN B AfsRsst to the
phrgdhesetqriecdrarerthis warkopitiadtihy grngeal WorUsiest ighcRaBMefErtR) any of
milling refer [ hyener tic, c centr ted, and well focused, i .
eé({r%gvor% ntétt(t)l%aép‘r%mtgﬂlqu me%"f%oﬁ}’é:e eI gwg)ggfflbe ) WIiEA™®
nisiemite muantewiic 0061023068t @mﬂimoaf@tmwnmmmms upDgosite

Aad il Respriang RE vk RieseWhereby interaction of the focused
ion beam with the surface Ieads to removal of material from the surface of

the work (Pl TheASraTk dHESs heit b sy Heiigrrerl Bt dale doe work
s getiprlty|esskocuaeds breathiokReam@figl @ﬂiglftgcff@ mt&n WARKY OfSvafer
sourc such a or.xenon, which is i |dent esu
R S R e s B e e BB e o
Ime&awmmrn@é sunfeceTRPattico reoogad, dbm@enﬂbfmnh thretsirfacd siithe U.S.

PravksRieserdR ACABERb-AASH bREM AN ggn VD G:aN N BeSN INGIeNt sample

and impinging, upon a surface of a work piece, whereby interaction of the

forpaiatAn graanelise AR s BRRIRRENbARRISARE RITISAs O RicorspRaring
ﬂi@lﬁdﬂ@ﬁ&tﬁ@ﬁ&n}ﬂaﬁbmg@ﬁﬁid@eﬁhl%bﬁﬁiﬁﬂﬂ@p%ﬁ}m@m k@dlhﬂq%@qpﬁased on

a0disaniext oLihe present nuention, herein,Jonbeam miling, generally
reters t0-an jon beam IRcident and fMpINgiNg upon a Surface

pidesiogihcianyingtetalcasnoot tHeonibediangtth widtsuridost IdEdentssa depth or
i 51 RBPHRRHY iR R REIRGHY BichP& A SRMAVALAE MRIRIA] S0 LGS 68 of

cuttlneg,vg?gfﬁf:nlge,cﬁlcmg, or/and polishing, procedure, thereby producing a prepared work
picce (sample) ready for subjection to another process, for example, ion beam miliing.
Such a prepared work piece (sample) has at least one dimension (length, width, orfand
thickness, depth or height) in a range of between about 10 microns and about 50 microns,
and another dimenston in a range of between about 2 millimeters and about 3 millimeters.

In particular, with respect to the phrase 'ion beafn milling of a work piece’, herein,
ion beam milling of a work piece generally refers to impinging an ion beam onto a surface
of the work piece, whereby interaction of the ion beam with the surface leads to removal of
matenial from the surface, and therefore, from the work piece. In general, focused ion
beam (FIB) milling refers to a highly energetic, concentrated, and well focused, ion beam,

originating from a liquid metal source, such as liquid gallium, which is incident and
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In particular, with respect to the phrase 'directing an ion beam’, the term
'directing’ 15 is generally equivalent to the synonymous terms guiding,
regulating, controlling, and associated different grammatical forms

herefnIfys, directing an ion beam is generally equivalent,to guidio 6({%0913
regulating, or controlling, an ion beam. In general, a directed, gui

regulated, or controlled, ion beam is directed, guided, regulated, or
controlled, in or along a direction, patlﬁg, axis, or trajectory, toward an
imipjests antity 2ot nEtget, snefenef 200y dnpiaity véfectodteastawdihplocssed ion

BEaRARURY WS RSReSS 1R dheRRiaRG Felloging, A DSAM. thedeim, 1

deflectlng IS gener ﬂ%quuwalent to the synonymous terms swervmg,

I gPEI&n ety Coavidingg e b alecthrnary s eredimv fiyirrsdsbroad jon

laﬁa,sesgmmagjaeﬁoaawwﬁeéams&ay@esﬁ&tugmfg@ﬁiar Q£ SenteneRNident and
.cause to dev at mrﬁ ct vetl:}/ r}d associated ferent&%rammatlcal
1 ce O

if
P S TS (R SUHAS 40 JoRIBBRIFCR: ?{Slpglwtg {PRIGhEhgroad ion
@memﬁgﬁmmfagedsﬂde ihending, dmdesiati fignathéonrBeant, the work picce.

alterngfively £ e AN AL SR HE LS HUIR ARifenPENC: Sf deviate

11} bn a
respectively, or alternatively, Causing an Ion beam to be swerve Thied

SHEFRRS, Hehtv Sk ARGt atierERp SNSRI P ThbsiB i e pHiFgealsiatls, to a

'‘hending @sderinting.tespaciivaly, @b eHonbern). dthosnerbi@d®on beam
btegtm ,30 is deflected c used tos tErve turned aS|de ent, or. deviated,

From & firsl direction, Patoass, Br MR 185 LetoRE tite bR Hlling
gyally nedpectoryy respestivelyidsetendinglyingageahon Mﬂaeeedlmgmrk piece,

ﬂf’tm{éd&ﬁﬁn B}gtt@nﬂ)ﬁ) NSRS ARGING. Of AR PIARE, %ﬂ§§“ n%%r{ g%g or a

beam’, herein, the phrase 'multi-deflecting an ion beam

$BlecHE DB AR 06 HuRErhIKpRFaPSUERSIRE iR 2k Ri¥FHeam more

than qu&mi&@attt@iﬂ!ﬂfes@&e%mw&@a@n@u&ﬂ%f HodARUMOREA directing'
times more,] than onc rres ondln to a pluraéy or multiple of times,

Bh GEITRE e P VAL %f fekingoRE: frsf"?ﬁ%cﬁ’ﬁ ’@ﬁaﬁ?ﬁﬁaap%nfﬁﬁﬁﬂ%’é‘ﬁt and
@ﬁ@h@lqérégﬁqﬁ@ﬂhgmmntidéffenﬁm@larwﬁn Bhrasndiveotinyes ainthiem, iis generally

&ﬁﬁeﬂhﬁ?f%r rﬁﬂd‘iﬂ@%é@ﬁaﬁl@ faﬁ&ﬁ’éﬁﬁﬂfﬂﬁﬁt B9 go,jon be enef?ﬂs ? directed,

second specific example or embodiment of the present inverition,

%}ﬁ?ﬁé&ﬁﬁﬂlﬁﬁ%ﬁrﬁ%ﬁw%ﬁﬁe@ﬁ Rreenar fiiseisdeenidedirroatarddancaytiplied. in or

phbrase dhme;ﬂe;ﬁlantnagx@noho&dgaam}:, TibWErdnagengest, @?ﬂ’tl@es&r 'Q@tthﬁerem,
é)g%rgp inven ion defleg{t‘g% an ion beam at least two times, is herein

ds
eferred y 7 the phrase &t T8ast twice deflecting an ion beam’, or,

equwélérnﬁytimi@ﬂtl-wéﬂemapgcartqoﬂlbeatrﬁsett Iédﬁndtﬂageafulﬁyszuﬁﬁmﬁtoﬁd term
RakthaPrese-RuenionJa et |t alk "EE‘H&‘MQOHEU lEf%@f'S%N%E” tll,(l)n%ng aside,
bending, deviating, ot altermatively, to the synonymous phrases to cause to swerve, to
cause to tun aside, to cause to bend, to cause to deviate, respectively, and associated
different grammatical forms thereof. Thus, deflecting an ion beam is generally equivalent
to swerving, turning aside, bending, or deviating, an ion beam, or alternatively, causing an
ion beam to swerve, turn aside, bend, or deviate, respectively, or alternatively, causing an
ion beam to be swerved, turned aside, bent, or deviated, respectively, resulting in swerving,
turning aside, bending, or deviating, respectively, of the ion beam. In general, an jon beam
ts deflected, caused to swerve, turned aside, bent, or deviated, from a first direction, path,
axis, or trajectory, to a second direction, path, axis, or trajectory, respectively.

Accordingly, based on the preceding description, meaning, and understanding, of

the phrase 'deflecting an ion beam, herein, the phrase 'multi-deflecting an ion beam'
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beam by twice or thrice deflecting the ion beam. In general, the present

invention can be implemented wherein multi-deflecting an ion beam

involves deflecting the ion beam more than three times, more than four
wioess@ieessn a corresponding manner, herein, the phrase 'vaultirceleciet

ion beam' refers to 15 an ion beam deflected more than once, in

particular, at least twice, and in general, any number of times more than

once, corresponding to a plurality or multiple of times, thus, the term
eemftitily EfestkydeRecHneotpeiop dam girstsp e e R AHB RIS ehiprstiment and
iPEdhGa P @%ﬁﬁﬂvﬁmm@ﬁlwt%@m&eﬂ&%&%&g measpwrs‘my%r [ultiple of

herein ref%?ed to, bm g 1ghrascgz ‘twice deflected ion beam'. As

dEpets

Uit B &8 HeGxAMAd St RFEHTH ﬁtoaﬁfnaomgawf the
piaven iorengnnode Heaimgdeflectédbhreedtiines ot tiwics,isshhaieirftetertecdy the
pha0" mﬁpmﬁ%ﬁg@@g&a A DERI hIR RS sr&sgm% H0ent of the

manner In genera ing tcl'ile prese t Invention, an ion
p&éﬂ@d@@@ﬂ@a&fmﬂmg%bmém@w&mmh@ bPﬁ%%éefﬁmd to by the

phristi-deflectrd deimbeamioRaiRgheqUIYRIBNTA0 JARANIFSE dakifast WiCSresent
.deflected ign heam'. It is to be fuIIy understood that the ?‘%resent invention

mY SR TSI R AP R DS A LR SRR BIRST 1 BFFP BTG Te Ry dheraliase 'at
ldefledtediddiediegnm itn jendrak, thaipebselyt inveritiddf eaimpenimoplementads to

bwﬁﬁ(m&gwﬁa%ﬂ ?ﬁéﬁ;g 00 BRAM ISy %nn&%m? mdted?cteghm 808 an ion

three times, more than tour tlmes etc.. Accord Ingly ase on he
bspacky mC@égdhp%ﬁeﬂ@é@mﬁgemhm@engi dfethresoh dsesstion can be

idIeRknE AR KRR AN ARM coellealinenaReNiReANs BaTeiiniN8NBRAS G B ore
‘directing.and at le st ice deflecting an ion beam' generally refers to

P P S oM YE AIAPHRIS A iRy, and after, being deflected more than
once, Iim pestiespandatdeastitw|dercandhia g&aesrahlaﬁs,deﬂmrbercﬁf blmﬁSrefers to

A0SR a0 QDEE.AP ,ﬁJ{:gS&ggg%ﬁgjﬁ%%P podiment of he, IeSen any

invention, directing an ion y “Uettec ctlng VﬂceV\z}

RIS 105 MOTE D 00s0BUE RN e atebberm iretrh by thus, the

twicenancitmendlirecting thertyisawlellastiedpaniReaiinise! hﬁr%ﬁﬁfﬁféﬁdof the
to b tthe ghrase ‘directin %e(r:i%at least twice deflecting an ion beam'.

RIS UISHe T S SRS ET %gcsnts.ﬁ\sma?ﬁeaﬁ%&.ﬁa the

sec

| xémaﬂﬂn'tyemndeftdtmdedabybdaﬂéctlﬂg thediregiedion beam thyedfitnesample or

m@s&ﬁ'nlérn%m &9&%&9&%%}/0?; %9#5%3% 9&@%@&9@1@9 NS ARIectig o rein

an ion beam'. Thus, in general, for describing the present invention,

fﬁ@ﬂ@ét%d’&ﬁ%ﬁ%%“ﬁrﬁ“ﬁ@kﬁ@i%@ﬂﬁi’e@a@ heFbhs rsferredap e manner, in

gﬂﬁé&&elf&lfﬁ?ﬁ]ﬁ@%&ﬂ@f&iﬂ%%@&ﬂ%ﬂ% RaHANIPRAMA A deast two times, is
Bedein oo erg Byt gpt?rre]lse 'multi-deflected ion beam', being equivalent to the phrase

‘at least twice deﬂecied ion beam', It is to be fully understood that the present invention is
not at all limited to a multi-deflected ion beam being a twice or thrice deflected ion beam.
In general, the present invention can be implemented wherein a multi-deficcted ion beam is
an ion beam deflected more than three times, more than four times, etc..

Accordingly, bascd on the preceding description, meaning, and understanding, of
the phrases 'directing an ion beam' and ‘deflecting an ion beam', herein, the phrase
‘directing and at least twice deflecting an jon beam' generally refers to directing an ion
beam before, during, and after, being deflected more than once, in particular, at least twice,

and in general, any number of times more than once. As a first specific example or

embodiment of the present invention, directing an ion beam, followed by deflecting the
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multi-deflecting an ion beam'. It is to be fully understood that the present

invention is not at all limited to directing and multi-deflecting an ion beam

by directing and twice or thrice 10 deflecting the ion beam. In general, the
wesebiivgntion can be implemented wherein directing ape-t/11.2005/000913

multi-deflecting an ion beam involves directing and deflecting the ion

beam more than three times, more than four times, etc.. In a

corresponding manner, herein, the phrase 'directed multi-deflected ion .
digerice QRN i 8IS DA Gon M e dbrstinsetist é W ariid cetad iandream, is
hheiﬂgdﬂﬁ%ﬁtedmg@mﬁm 'dEeangexin ﬂaﬁaguimc@aéﬂaﬁﬁﬁ@/m@n%mzl Asa

eneral, apy number of times.more than once, corresponding to a pluraljty

S TESTAS AR (S A F Bt U e g Ungi fon bl
fetrvespundifgefing bpaitificaianm plerortembidainenthoicthés resentferred to by
P YRPHER:ARAR e HUERLed RSIRtE, Jing 13N afighlaing dellested e

two times or twice, is herein referred to by the phrase ‘directed twice
PESHREICHRYF TR ESHICURE ATcHiRdXsohatrigrsebon 4Rt sicisiiéresefpmsit torby the
pemRodinenpohthe %Sﬁﬁblﬂ' WERiang an 160 haan 'cﬁjr&ﬁﬁﬁgh l&ﬁfﬁre(%irectigg and
duyri and after, being deflected t times or thrice, is herein referred.
R o e BN CHPBEARY (D gention is ot
at@ii_réspt@ddm@_rmang] endimgléndrécfon desoribiag thedpretiegtinyavitions thrice
@nRERNMBGR B TRl AU Rl BRI G, B U9GIEH BRI crcin
two times, is herein referred to by the phrase'directed multi-de lected ion
drsofiag Ardgaiy Serime AR tore priasel i diesing redstoflrtiing dieise deam
e bieantcdt isntesbaofulanmearsiaad dhat the present invention is not at

all Iimi'ted to a diregted multi-deflected. io bealﬂ,bei%}g a directed twice or '
thrice HehERTSP I BE MRy BRI {e e A eFOb ARIDH defepied fon bean
rﬁﬁpﬂémnitedbm% ﬁé_iivhid ideetegd rbnﬂt_'ra;idﬂéaggdddmﬁmam:ig afﬂmmebawn than
FEHERALAIE, dIag, ARC-AHRE REIORARTERISH MU ARIMESIRES once,

more than four 30 times, etc.. In particular, with respect to e waase

PHEshREiRa iRt UMb oRE R fdtmsadhuivibe plerecdircion balirdsflected'
herebsthpdeimg TRAUREiE-0sARIANLE GMBEHER OB QDY HAURLRILS ion
bturnin r.ors @E?é?% %n .around, ar rel tive I?ffn axis, or alternatively, WO
58061051658 B e TP St GBS 218 I Sh PiRo R 5hPAgREG, is berein

FG&D@Q 1o hﬂﬂ}m@&?dd'se(ft@isipﬁner ésﬁeltm/eim hnanamﬂmd,oefrd@lﬁiﬂiﬁgt@econd
s@@cﬁ?@seﬁﬂﬂyl%s&o&%%ﬂgﬁ?rﬁ‘%&r?@%‘?}“ﬁ@eﬁ?f > A8 Pl L8R e,
a directed multi-deflected (at least twice deflected) ion beam is generally

B At el drnagiefsifiies Sraneetdorisnui-bericrelitad lwdy thggrase
‘cleflestenitiiendoftaditdoiin beam'. Thus, in a corresponding manner, in general, for

describing the present invention, an ion beam directed before, during, and after, being
deflected at least two times, is herein referred to by the phrase 'directed zﬁuiti-deﬂecﬁed ion
beam’, being equivalent to the phrase 'directed at least twice deflected ion beam’. It is to be
fully understood that the present invention is not at all limited to a directed multi-deflected
ion beam being a directed twice or thrice deflected ion beam. In general, the present
invention can be implemented wherein a directed multi-deflected jon beam is an jon beam
directed before, during, and after, being deflected more than three times, more than four
times, etc.,

In particular, with respect to the phrase rotating a directed multi-deflected (at least
twice deflected) ion beany, herein, the term 'rotating' is generally equivalent to the

Synonymous terms turning or spinning on, around, or relative to, an axis, or alternatively,
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5 around, or relative to, an axis, or alternatively, causing a directed

multi-deflected (at least twice deflected) ion beam to turn or spin,
respectively, on, around, or relative to, an axis, or alternatively, causing a
wiseatedipwiti-deflected (at least twice deflected) ion beam g ivdgeaat
spun, respectively, on, around, or relative to, an axis, resulting in turning

or spinning, respectively, of the direcﬁd multi-deflected (at least twice
deflected) ion beam, 10 on, around, Or relative to, an axis. In general, a
telihsctarpmyoItug Sheses do(grusast Winc edeffastsdy R bEARSGE itaty around, or

réitateR), IHrDed (RSt SRLD (EIIRSY PRNAFRAVBS, fofrelaliveotd, PRuaXiStating a

where the axjs_is either an axis, of the_ion beam, or an.axis of an element

PG S ATRIEH, PN S O TR Dt SRR SR EET sl valent to
tamingins gurthiedon deered Morkodelissadhaptatsigiise tdefierggdir ion beam, on,
&8&%}Qg'r%ﬁvqiEslfaﬁddm%k%éﬁgsﬁ%; it IeRetWisRdRfeciad) JANDER M jeast

on, around, or relative to, an axis, corresponds to angularly displacing the
tohilescdabieqisdtiondTraptdel R RSB TREWENEbtet) AWML PR BRUNFJarRR &S, or
JRIALIVR 4G, RRuENS aNetRdtheiRXiR iRetheh AR AKIS:BeIeNABaN, RAAKO be
axis of an element or c]om(g)onent v&hich %(tiinarily shares the ﬁame spatial

35

S HeThSBYL! FERTSINS S5 e AR Bk ath P8 X G ity ad e ddthateining of
thiertegnriabouticbiert tte diGéedithkiakfloctateGt Waltie W detiented) ion bean,
&ﬁ?&%uﬁ%i‘,bdﬁaﬁﬁv@}’&%ﬁ@ts’ system sub-units, devices, assemblies,

sub-assemblies, mechanisms, structures, components, and elements,
and, prigerak ediifsiehatinfitfestat cedsasidyichicrstedialen Rsamelt gefated

@raralionAnd impsmeniationsbaSesamplant RIRieEedr SIDMERLNS axis is
Iternative. preferred embodiments, specific confi?urations, and,

TRTHBR AN OB e Aok IS VB 8 g bichy prdinrily

_thaqsré_ﬁemhn\@qﬁdmxd@mmt dmdeiﬁmedhmit{mbﬁemn@émahe,fsﬂdmmgﬁng,
{lé“ﬁﬁgt'é@sﬁ&ﬁﬁg?ﬂ% AR AESAMPARHINGLHAVI LS O R beam on,

t
following illustrative description and accompanying drawings, same )
PEFEPENCE NiFABETs fandiettdps, SRREEROEMI spaeala0 disrlacign-thitdirected

gRiicesh asseplies. cil-assamblian RechaisRs:SBHEHBS to, an axis, where
%)maggmnentsﬁ and eIemF ts.,. ang, erigheral equ'ipment, utilities, .

e axis 15 cifher an axis o %]w 19y eeif?nT P axis of an el%ment OF. Om&mhent which
accessories, and materials. In'the 1o |OWIng lustrative description the
présernityishaetidre, smokugetdahredtenmooalpivncipalasrbeedubeamsteps, and
SUb‘St%cﬁli%ﬁgﬂl ajn oL.pringipal gYSiem YBkg. §g§e§%movl_(q @Q@%’Pﬁ%?a'%?cciated
PCT/IL2005/000913 22 sub-units, devices, assemblies, sub-assemblies,
rdehanisms, structures, components, and

Procedures, steps, sub-steps, system umits, system sub-units, devices, assemblies,

sub-assemblies, mechanisms, structures, components, and elements, and, peripheral
equipment, utilities, accessories, and materials, as well as operation and implementation, of
exemplary preferred . embodiments, alternative preferred embodiments, specific
configurations, and, additional and optional aspects, characterisiics, or features, thereof, of
the present invention, are better understood with reference to the following illustrative
description and accompanying drawings. Throughout the following illustrative description
and accompanying drawings, same reference numbers, and letters, refer to same system
units, sub-units, devices, assemblies, sub-assemblies, mechanisms, structures, components,
and elements, and, peripheral equipment, utilities, accessories, and materials.

In the following illustrative description of the present invention, included are main

or principal procedures, steps, and sub-steps, and, main or principal system units, system
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elements, and, peripheral equipment, utilities, accessories, and materials,
needed for sufficiently understanding proper ‘enabling’ utilization and
implementation of the disclosed invention. Accordingly, description of
waHaispessible preliminary, intermediate, minor, 5 or/and apH@Rbsme0913
procedures, steps, or/and sub-steps, or/and, system units, system
sub-units, devices, assemblies, sub-assemblies, mechanisms, structures,
components, and elements, and, pe %)heral equipment, utilities,
Slém@%diws:ean@smténal§ubfa§mﬁdarynmb@me‘itm¢vrﬁésp@np@@ents and
cRARRINGIRAP fatiepihadnvaRtian. whishate rerdiy oo B.ane for

of_ordinary skill in the art, or/and which are availaplie in the grlor art and

SEERHRRLLY| YRAT S aPEIDECP FRRSESEY iR U HU BRSNS M SRS RIEH AR, Ab thspdsclosed
mneheiatedmbeﬂhgty tlﬁesﬁeﬂﬂmmhngluusﬂ@tly@ﬁempuatmmfﬁmtpms&me minor,
edn qn nlrﬂ anon |m|t| m&?arl]i%r tge ener degtgxglpurrﬁ ent %IOHSII1 asts
Qfoﬁ?ov%) he h?e?ﬁ dl ]f dted mu?tl é%)ebte eam mi Tné of &' W
dp}em% mwhémtf@ﬁs@rr@b@@drmkmnmbe @tmghaeﬁp me@pm %@aa*nmazst&a and,

F&a@ﬁﬂ*&iﬁh@ﬁ%ﬂtowﬁé@e&é@%&w'Eﬁﬁt%ﬁamﬂéibd@f'@&!@@hb@fﬂ ImoBRA: with

ling of a work piece; the device for directed multi-deflected ion beam
fFﬁHﬁﬁg“bF%ﬁWl&%%%e?ﬁé“ab%c‘é“fd%%a%d“fhﬁhl Fefetingaprontege of
dﬁi’hb@amnaﬁ &eﬁtb@ﬁmbmamm zthaideweﬁ fior ghikacia i utidicelie dtethture
re?qu mhmlll{lré tof aa\lg\éoarkmg)s?m(lal S}E cf?e d3]|rected multi-deflected
Ion B%am m'ﬂmg of a wor plece; he s tem irected multi- -deflecting
a proviée @Hm@amﬂb@t@tsmmﬁmm@wm HessystePnfism2 O dineutdighiting

- dhitdeflecied ipnkeame milliagafR WOrk %%%sa%thﬁt%ﬁtmddf%cted multi-

determining and controlling extent of ion beam milling of a work piec

deffseted omiheagpmiiine (b pIRE RIS M b R ditesied mu h&aﬂﬁ‘rﬂng a
;d‘tﬁeﬂﬁaﬂlomu%deﬁleﬁt@dﬂedﬂﬂlﬁ&mbmﬂiﬁ’l@d)frﬁtﬁtﬂﬂfc@ldﬁectmbfudlmﬂ@dﬁﬁted ion
foIIOW| ma| st S and m nt 0 |t| the eof

pI‘OVIJa:urlﬁ nEI; H{a?ne revlchfrr}g)ra(riw fias% etW|ce d‘eﬂectln mthlmg of 2
weovideersorthsealeyi¢or femﬂngc@féjn@@déoﬂnﬂmpa@ﬂécm@%ﬁdbmbeam as a

whersinithesireciad myitidefiesiedonheam ik diestatblawardsidp Jeeork

and impinges upon, and mills, a surface of the work piece. Referring now
Ritie B SWIRGSOE iresrd aretisdefistiechian &?ﬁwméh%ﬁ.ﬂ@aa@r&éﬂ?ﬁsv&‘%fmwm
fun ébnamﬁlajwﬁ}rhfwmﬁgenpmdmmmmed mbitbadileciadddhbeamm for

@Q&@e% ANeL %’}N% F.; R bEadl ] i’lﬁi%%: Ing rk‘%ec%ﬂﬁr ﬂié%%ﬂ? B deto

ini
ereof, particu owing the ion beam un 100in relation to the work ¢

Mé@@mfﬁé}gmg’éﬁ!éf pliliindaaetectivre @fit 300Kanerethe vacuum chamber
assem’pﬂmg%%iﬁ%p\éé{:w&b%&eﬁﬂﬁﬁ@ﬁM% iR seiationta thanves: directed

piece and a surface thereof.
muiti-deflected 1on beam milling of a work piece, including the following main steps, and,

components and functionalities thereof. providing an ion beam; and directing and at least
twice deflecting the provided ion beam, for forming a directed multi-deflected ion beam,
wherein the directed multi-deflected ion beam is directed towards, incident and impinges
upon, and mills, a surface of the work piece.

Referring now to the drawings, Fig. 2 is a schematic diagram illustrating a side
view of an exemplary preferred embodiment of directed multi-deflected ion beam milling
of a work piece, and, determining and controlling extent thereof, particularly showing the
ion beam unit 166 in ;elation to the work piece imaging and milling detection unit 300 and

the vacuum chamber assembly 216 of the vacuum unit, and all these in relation to the work

piece and a surface thereof.
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WO 2006/021958 PCT/IL2005/000913 23 In general, Fig. 2 is completely
sufficient for illustratively describing the method for directed
multi-deflected ion beam milling of a work piece, of the present invention.
wieweyesdar assuring understanding thereof, additional referangeisiase
at this point to Figs. 3, 4, 5, 6, 8, 9, and 10, which may also be referred to
for understanding 5 implementation of the numerous different exemplary
specific preferred embodiments of thé~method for directed multi-deflected
ion bémrgensittingigf 3 workntatdy isuitcient SecBlvsimtiviely slessabing the method
fRVRRLRR: Kl lga Ransmatsd RARY JpustirtingReaids iRvhRE & MAEntion,

detailed version of the exemplary preferred embodiment jllustrated in Fig.
Hovpariclamsrereaig arianbredbmmbridpirnmcrpiaraniel aifotithineant to
Hthe dyvige shaingthe iaadoaamwiilihl Gihyinglkiding Heexied beamrdugsiingnding
ot it defieqting assembhd 20, {or fuiee deflealing.an. JPa Neam 10 or
B (f‘gﬁ%\?vma An exe'ﬁwnpfary speci |cepxr% rred Brbodiment of thework = o e
mited fienagienied mapkiifieftededdondramit@do g Figz aviskapseisematicordance with
FiagLam, HHSHAsNg a side view of the directed multi-deflected 15 ion

beam milling of a work piece, and, determining and controlling extent

theredtigifustrateertisylasramdiystsating gais Lisswihg Berodeiledigmsien of
ihidexdgmal aprasacdetailedieampanantieyelvangion obthecdryicesHoing an
the io]n beam.%mitl 0, inclu ingithe iop gea dire%tinr%?gd. it 100
AT AR R aREARHISH, 1800 SRR PE SRS S £ dffdoam unit 100,
idelfidutingcainnondoe diredBg20d-ig 18-k Aesthe mativdiatrfoilustradiflpaing an
BERRECTHEXie ol e Airsgiapmullideflesied iophaam miling At a,we rhiece

piece, illustrated in Figs. 2, 3, and’4,” particularly showing an exemplary
Sreieg detrern et each of the ion beam first deflecting

assenthly 4 22:aokkthailonheamisesenddelfiastingassemnibededmulti-deflected
included in . the ion beam,directing apd multi-deflecting assembly 120 of

e SRR P o 0 kPt T AR BENEgRG oot
i owadninl G1£6g8. Bl -J6eatiewstie siatiomdiagrams wyetiésilastiating a more
aaifegcipyieN LA JIqieRRteaonlan ) S aaHERSE AR NN cluding the

directed and multi-deflected, relative to an arbitrarily assigned longitudinal’
iomoopm Hesetipsatid e Nbdrt prtne AP aRbyrildlisHssusd nskBegHgnal for fwice
aasembiud 22 aaghihe second ion beam deflecting assembly 124a and

Lodb, 30 coresponing fo & drected,wice deflegted o BRIER @1 e

multi-deflected ion beam milling of a work piece, illustrated in Figs. 2, 3, and 4,

particularly showing an exemplary specific preferred embodiment of each of the ion beam

~ first deflecting assembly 122 and the ion beam second deflecting assembly 124, included in

the 1on beam directing and multi-deflecting assembly 120 of the ion beam unit 106,
structured and-functional for twice deflecting an ion beam 10.

Figs. 6a - 6¢ are schematic diagrams together illustrating a perspective view of a
rotational (angular) sequence of an ion beam directed and multi-deflected, relative to an
arbitrarily assigned longitudinal axis 46 coaxial with the work piece, by the first ion beam
deflecting assembly 122 and the second ion beam deflecting assembly 124a and 124b,
corresponding to a directed twice deflected ion beam type of directed mulfi-deflected ion
beam 20 which rotates in a range of between 0° and 360° around the longitudinal axis 40,

and is directed towards, incident and impinges upon, and mills, a surface of the work piece.
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beam 20 which rotates in a range of between 0 and 360 around the
longitudinal axis 40, and is directed towards, incident and impinges upon,
and mills, a surface of the work piece. WO 2006/021958
W22 983/000913 24 Fig. 7ais a schematic diagram illusg-atingedoneo13
perspective close-up view of a directed multi-deflected ion beam 20
(twice deflected) or 22 (thrice deflected) directed towards, incident and
impinging upon, and milling, a surfac#of a first type of an exemplary work
piecefia. jeneraithshapetapetailutatisiab paartditadipshoywinyrefatidiescted
HRPEHIERA0E wATRNGIoN? BLANNOAN A0 7. AR BHEPGRA0E Hifaras,

~work piece. Fig. 7b is a schematic diagram illustrating a perspective

incielsat apd B B BERREYeN It Hitge Actrds sorf BER DO Rlite cremulayyork

pgaﬁ?a(_tﬁeﬂsﬁlgeﬂ@?aﬂ}?@@mﬂ tgm@m&%ﬂ@%a?%gn@iﬁfm%é&%ﬁes and
and milling,.a surrace. o econ ty € O] gh exe ary work piece (a

ST e B 3 2o S SRR WARIES chip wherein the
syrfaE@l@b(Wimea‘lmasic)_d'sagr_etd ilﬁysa’mplpemﬁdei{e I@m@mp foevexBanjitected

bR P NSO 1Phifd0 -k he PRI O %Wwﬂgff&k@w%med towards,

_.geometries and dimensions of ion beam 2550 2, the surface, and th
iRgsletRed dmpigeiB gL taose ARt g dgrECH a5 f sEing hlgnge re e xemalamp peork
piiled pessiampfe tTagoeraplar m%ﬁe&@ﬁaa? hagim f@rﬁﬂlblamst;&t%ﬁi iﬁ'elzsiﬂ?ace
2, particularly. showing an emplary specific preferred embodiment of , .
GBI To L5 AR eI Qg e 1 (ot et i
Frgult)s dhefiastizy aboenniglye k80 foothridesdeflotiting sonsorf Bedreab(land22, the
Sgﬁa(%gmm%%mg&preferred embodiment of the work piece imaging
and milling detection unit 300. Fig. 9 is a schematic diagram illustrating a
%Hﬁe‘“ﬁh?@&%‘a diaarany ditstrinezosidn vearainimag detallgdmersion of
tRicereapEndeipmAtRinG:aBsdaasitolling@dentthereos, igustated infighg an
2 and 8, particularly. shqwi cross-sectional side view of ore
e B e OB ot U o g beam
dbﬁpb@ﬁmddnektt}dgﬂammwblaiéﬁ;eﬂmgcaséemm&@ngtapdwnrbehmnm,_ and an
dasdianalfor puice Aelading atian baam e &écﬂgxa&&ﬁsiaﬁdsﬁhﬁ Alltection

diagram illustrating a perspective view of the directed multi-deflected ion
e 0miIIing of a work piece, illustrated in Figs. 2, 8, and 9, particularly

showipg: aniexeaplanicprgitin meteriag ermbedinept ok eaehaf Mg Accted

beam first deflecting assembly 122, the jon beam second deflectin
132218?%%1“/% Hl,garolgl 31 évl%rg pleXe, and, c?etermmmg an controﬁmg ext%nt thereof,

iflustrated in Figs. 2 and 8, particularly showing a cross-sectional side view of a more
detailed component level version of the ion beam unit 10¢, including the ion beam
directing and multi-deflecting assembly 12@, structured and functional for rwice deflecting
an ion beam 10.

Fig. 10 is a schematic diagram illustrating a perspective view of the directed
maulti-deflected ion beam milling of a work piece, itlustrated in Figs. 2, 8, and 9,
particularly showing an exemplary specific preferred embodiment of each of the ion beam
first deflecting assembly 122, the ion beam second deflecting assembly 124, and the jon
beam third deflecting assembly 140, included in the ion beam directing and
multi-deflecting assembly 120 of the ion beam unit 100, structured and functional for
thrice deflecting an ion beam.

Accordingly, with reference to Fig. 2, along with additional reference to Figs. 3, 4,

5,6, 8,9, and 10, the method for directed multi-deflected ion beam milling of a work piece
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beam third deflecting assembly 140, included in the ion beam directing

and 30 multi-deflecting assembly 120 of the ion beam unit 100, structured

and functional for thrice deflecting an ion beam. Accordingly, with

vederppee tesFig. 2, along with additional reference to Figs. 3c4m206s/80083

and 10, the method for directed multi-deflected ion beam milling of a work

piece WO 2006/021958 PCTIIL2005/000913 25 includes: providing an

ion beam 10; and directing and at lead? twice (for example, twice or

itlrlicie} defteidimgap rowi teoni af; bed i d0tifgraiol atikgsa ehiectid example, nwice or
i- jon k 20b, or 20e..wherajn dike .

A R T e

e IpivrgHeupbereintinasie, multrdaBectidhenber FiRve2 Wb pgtiteialdirected

therRa5acismarUm Piflereni exenanian sPeeificerraleripsheprhediments

of the method for directed multi-dg:flected ion beam millﬁm of a work

piece, ThesaTEl-4BEw: &R § 1O TS PR Srro spsiap ad SR e e et fghagiments
aorifeguirabioh &) niiocteed rnmisindedicaenidl iacderahingnidithedpecibekdaniaparat part,
imi or e ti-deflecting. and.directi rovided,ion

e R AR AT ARG hode o
Baghecteddtonsrading cldetbantPimpigesppish, Gmtingilignedsupfadaanfer, of
QM BiRE Qnth PRIRE 3Fo the: sRacie.SPRdial kditactigpabaorianialionakd jon
configuratignal) mode or manner of multi-deflecting and directing provided

bSAB Al 20Oty B BEAITSn AT R BaiIESEH (0 ARRUEE R Bo mills. 2
étirfvictg)afrt@devoﬂmﬁ:tmer,ipfpmgﬁlﬂeﬂbmpgcﬁmgﬂh@ﬂti{a@@t@xﬂdﬁdﬁtmmionai,
DeiaRutcRAREAL O Ra R OPHMPY B ML AR ARGH B RL RolSRE 10 i
Qr a com ma_ltlon of COI’]tII’]UOUS an IS(}OI’]tI uous (periodaic, aperIO%IC, or

Borsedy. IMBHseoker, Babirtspreifithspueal fiditeetordl (onwatitndal or manner, of

aRIMGKIREGRNA] :RAodaLFi e pRsidiaatis [Raal qprofatign@h®us, discontinuous
multi-gdeflecting.and directing provided ion beam 10, can be implemented

RS RSE S sPeBtEtEmBoral SRR tRobk YRS 2t ligeontinuous
Goniidig uperibideo ptipubed) (Pdhoicragetiogisi B 2yl lgEd)tional, orientational,
(nation of inuous and di tinuaus (periodic, aperiodic, ‘ho an

R RS Rt anc
Speeimeamyidghienry e p seribesimmlamentet esoadingireagio apdeific temporal
canfigratinrRab:medear manner afmwitdelliscibngmodsdreibag Prpudade, or
ion beam 10, there. is multi-deflecting, (for example, twice or thrice,.

00 SR 2 P9 ASTOHEN R BTG GERGE GR Bl 2opuised
fof feimihdl@ties pediiedinggnlyvaded ion beam 10.

More specifically, regarding the specific spatial (directional, orientational,

configurational) mode or manner of multi-deflecting and directing provided ion beam 16,
there is multi-deflecting (for example, fwice or thrice deflecting) and linearly or
rotationally directing provided ion beam 10, for forming a respective linearly or
rotationally directed multi-deflected (twice or thrice deflected, respectively) ion beam 20a,
20b, or 26¢, wherein the respective linearly or rotationally directed multi-deflected ion
beam 26a, 26b, or 20¢, is respectively linearly or rotationally directed towards, incident
and impinges upon, and mills, a surface of the work piece.

More specifically, regarding the specific temporai (timing) mode or manner, of
multi-deflecting and directing provided ion beam 10, there is multi-deflecting (for
example, twice or thrice deflecting) and continuously, discontinuously, or, a combination

of continuously and discontinuously, directing provided ion beam 10, for forming a
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rotationally directed multi-deflected (twice or thrice deflected, respectively)
ion beam 20a, 20b, or 20e, wherein the respective linearly or rotationally
directed multi-deflected ion beam 20a, 20b, or 20c, is respectively linearly
va podationadly directed towards, incident and impinges upos;encdosiisea:
surface of the work piece. 30 More specifically, regarding the specific
temporal (timing) mode or manner, of . multi-deflecting and directing
provided ion beam 10, there is multi-deflecting (for example, twice or
reERGeaLimpsid CHIRRTRIRE!Y distonfinfSTREP a EontoRttgHs%r 20d
disosiinuously, anetdisaaiinieushd directing providattdied begretG:i{orion beam
2&?%%9(% XF{Q 29&9{9%11699% Ec 1-‘!'-€/:1c|6% 19%85 Og%%c 2n§1r§3§9§ ,t IV? a combination
¢oritinudbsly” discontintiou y, Of, a combination o contlnuouscfy and
ofivotntinubuukl difrentodantiti Hedteetaan{tivic8stethivadberstiddp b, or 20¢, is
rd§RREGHYE RO E0anaRRRN206y WhEESIRHRRIBSRIC B tinuously and
continuously, discontinuously, or, a combination of continuoysly and :
RS s e R ItRGEARTREY IER eSS B O Sgrics of the
wespsetiely continuously, discontinuously, or, a combination of
continuous d discontinuously, directed towards, incident and
DGR TR e L o e el B BBl S maner, o
molyaddfgteackndpéivificne mporidbdtiam §panode. omplemsetedfaccording to cach
spautiidefiscting and Jiresding: pravide b iopReANN dQinEnRle MeRIGth provided ion
according to each 10 specific temporal (timing) mode or manner, of
Wi-&f|é%ﬁﬁﬁglan%ﬂ*éieﬁwﬁsow%éd%mé%mm'é? tifrd/gce deflecting) and
cnulfivdeflecingdionexample, twicaxiihtiee deflestingyaiydacdntimwatishyusly,
discontinuausly, or, a combination of continyously and.discontinuousl .
B P D e Bty L T epecie
qergpaictivly, ddnsiniessly disconhtiendirmionr of eormpmtsionasfl discontinuously,

isRAtRuRYshaRd idigcantinurus ¥ AR dear-ob piationatly dite sl ctivel

multi-deflected (twice or thrice deflected, respectively) ion beam 20a, 20[?, on
5730 yhEtBinth &% sPREERR s dRRSEREy, GREBHERtISugpCeaptiguousty, or, a
eombhisaio nof eenitinonisyaahddliseantinusiys Midindarlyorieddtioaallydirected
I%ERQEFE%GCT Léltiléd%celzgrg{[%%a!o ?%%%Q,ai’s% e%{igeq ’c&{ﬁﬁggﬁ Vﬁh,(co tinuously,
contlnuousffy,_ drllscontm_uohs y, or, a combination of continuou Iy_andn ‘
eliseorsinkiotiisly, dinecntperebtativhdifpenisemg 20 inewtnds, Tnwdertindirected
impfing,erw@a@a@mnmiég%s sstifape afhe werkpiscs. Rash ntihe above
described (spatially and temporally characterized) eXﬁmplary specific

preferretFetbbdifReNts BrIHETh SRS Hifb BRI RARHESEEIEH cxemplary

beeific preferred embodiments of the method for directed multi-deflected ion beam

milling of a work piece, according to a different specific spatial (directional, orientational,
configurational) mode or manner, and according to a different specific temporal (timing)
mode or manner, of multi-deflecting (for example, twice or fhrice deflecting) and directing
provided ion beam 10, is illustratively described in more detail hereinbelow. For this, as
shown in Fig. 2, it is generally applicable to cach exemplary specific preferred
embodiment, that provided ion beam 1€ is essentially coaxial with a longitudinal axis,
herein, referred to as longitudinal axis 40. Additionaiij, as shown in Fig. 2, it is generally
applicable to each exemplary specific preferred embodiment, that the work piece is

essentially coaxial with Iongifudinal axis 44. With reference to exemplary

~ three-dimensional xyz coordinate axes system 50, arbitrarily, longitudinal 46 extends in the

direction of, along, and is coaxial with, the x-axis.
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milling of a work piece, according to a different specific spatial (directional,
orientational, configurational) mode or manner, and according to a
different specific temporal (timing) 25 mode or manner, of multi-deflecting
wiocexampie, twice or thrice deflecting) and directing providetiondsaami s
10, is illustratively described in more detail hereinbelow. For this, as
shown in Fig. 2, itis generally applicgple to each exemplary specific

preferred embodiment, that provrded ion beam 10 i essntlally coaxial
Lingy ak Mades o, l.f'r' . I Reqe Milling of gl ork fie

Add|tWEthItyfeamshwhgnﬁgoﬂ;dtd&gehmallw&@ hmahbadhmceamh extends in
aexamnl lary spegific pref I th t ece I8 oy e
e L o g comanl Then
litjepely- dirpetpdinraidss, iea dienamald dxas @ygtéﬁvr@od%ﬂﬁqfrérﬂwbh@q&mm@ and
155 P ILPO0e 00 e o Xﬁ*ﬁ'ﬁ*m‘”“’d

inear Spatial Modes or Manners
PRI RRES PR Bl P BHELY S8 AP GAAH AR
dheamn]i@om labeerlioo@ioctied ard dftEindsthia theidif@ctiontiol &Iﬂdlﬁkﬁﬂ@ﬁln}] or

fr m%%f%%%ﬁddi%l[lﬁls tQ@F gXIEK(IQ %m%ﬂ Jg@ﬂm]e IQQ% &%ﬁ%ﬁﬂz or i

irected provided ion beam 10 IS at least twice deflected ( cted

dam@riemﬁﬁaﬁywémd lngitydingneaige dlobittan diormedintd and 0 domain],
COINES, lineady vl acedbimb totslieated lemparmA0aaRpiakidl pon, and

|ch is Ilneari}gdlrected and extends in the direction from above

rﬂf) fAITHEPSSAE 4 UK Bi¥S-axis (in positive z-axis domain)], or from
beIomMmrthﬁahWrﬂxé@x{aoedmlgeiesm@sc(megmwﬂmﬁmadomamm spatiaiiy

di |
Cha I%Ca?ﬁ Ir tloarl]noémrn%%t t 88331%'@@ A &K Soé'(x)nl: PR Iogr%er Tidcted

respectlv war & Work plece owe by being
mrué?ﬂeatvé ieiplrgingrilbios, ofrid veilinigca sarfasecotline Worldifesat specific
iMere %%eﬁsﬁcadéyreﬂaﬁxmeceﬁmﬁa@i@mcip%@ﬂf@f{z@mﬁnd&mm&e (lipeasks  of

spatla char cterized) main exemplary specific p ferred embodiments
e RIEF PR AT ST RS RN SHTRFEBRAWGRS ton beam

mewegerear:hlemrhprhhctgetbranﬂrftéﬁwmlcsbemheaﬂxﬁ%aeaﬁ!spmﬂ&k(mhrmmmyai;rected
UsRYe0al can! gﬁg&%@?@%@%ﬂ&&ﬁ@%@ﬂ%&fe Utizdafigetiog (for

example, twice or thrice deflecting) and dwectrng&prowded iIon beam 10,

whereldrgeny car b theselthuefldeedyorraéain dowacolzed) podn jgxemplary

ingatly slerstied davaidrentacigient aneiinpingesivpe, AndiBifcid ion beam

Sillnce o e work Pl MorcoXer, S0t Of 1eas e SR L R o

{timing) modes or manners of multi-deflecting (for example, twice or thrice deflecting) and
linearly directing provided ion beam 10, selected from the group consisting of a continuous
type of temporal (timing) mode or manner of multi-deflecting and linearly directing
provided ion beam 16, a discontinuous (periodic, aperiodic, or pulsed) type of temporal -
(timing) mode or manner of multi-deflecting and linearly directing provided ion beam 10,
and, a combination of a continuous type and a discontinuous type of temporal (timing)
mode or manner of multi-deflecting and linearly directing provided ion beam 16, wherein
linearly directed multi-deflecied ion beam 282, 20b, or 20¢, is linearly directed towards,
incident and impinges upon, and mills, a surface of the work picce. Such exemplary
specific preferred embodiments of the method for directed multi-deflected ion beam

milling of a work piece, are illustratively described immediately following.
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20 specific preferred embodiments of the method for directed
multi-deflected ion beam milling of a work piece, is implemented
according to three main different specific temporal (timing) modes or
woaess:; ¢fsmulti-deflecting (for example, twice or thrice deflegtinehoaishe s
linearly directing provided ion beam 10, selected from the group consisting
of a continuous type of temporal (timing) mode or manner of
multi-deflecting and linearly directingz§5 provided ion beam 10, a
discdntithaolirst(meain didraperisdicalbr pidsedyrippd ckespporaspdifingyeferred
erfiRdEehMABnacLimwidefieelingand {ineark e NaUNOAedd®Nand then

_beam 10, and, a combination of a continuous type and a discontinuous = .
gy GHEEFHSO AT (RA) “rHBER Bresirb bR iRt lihBeam e feh is
liakeeigtitige pralv itk deioembe i dinreicainfrdime asbyv el ireatzadinal tedeflcied., the
ion heam 20a, 20b, or 20c, is linearly,directed towards, 30 incident.an
e 78 B0 R T SR 0 2 DR ot anc
inspiagifis yrefernddrelinio disneiaes of drewndtindrtdor directed multi-deflected

ion b@_@@&r&ﬂi ing of %%%&%C%ﬁr%w%@%(?EYQ'Y(%%%W%B@”&?dfﬁéﬁ})ér of
following. WO 2006/021958 PC'P/IL2005/000913 28 In the first main )
el aiaty, ERciedrosineeaiiptdriespbant Hhebprdted fon beam 16 is
tepipbat imentijrovidest iabaainel Qefaaideasidwiceiteitastand then temporally
ulti-deflected) and then linearly directed, for forming a linearly directed
o e 1 A Rl SRR T M
mpbidirBetioh fronbesisov@dorvdittielialemiend {i eoptine@istyakinstitypdisiited and
e_iié%% idonaaipbHMRsHS AR MBHE RIBGS: EQJ&QW@%@){ feieginciet and 2-axis
r

mpi.rfmirng upon, and milling, a surface of the work piece. According to a

deBIHHI SRR AOS Yars BaTE: (RN v beis trmpally rorititedeidesidgnt and
iapthdine agyrd ieCHAGnr oy el donfhramodidplatevided ion beam 10 is

tempoyally. continugugly at least twice deiﬂ Cted% ti-deflected) and then
bR Bk 52y 2SI RS s, &l of
negfitiniiscieng liwd ineetive cleetting ko det toa ibrribebim mOuidathioh iBeam 10 is
RpRarR!ly coRtipMaUElineai direstast ARG S RE SR G A 8RR f QRRuL-
above longitudinal axis 40 [i.e., the x-axis (in positive z-axis dpm_am?] K

s i Tk e abYoWEaBPIING el e ShinsEagiy!ly) inearly
dintideh fanfbramh ngingpopdly, dschmillingsly spefackcoll the wetkogieae:) Imearty
d?%%if%%d ﬁt‘@d@ﬂ%&%%?ri‘éﬁ‘%%ﬁ 96%6_%58{‘}9%{3' S s@%{%&ﬁxs gg“e?{o%f{cany
multi-deflecting and linearly directing provided ion beam 10, provided ion ™
wenmiaborlxehugeizldidicbmhedosly hErodicatligrorepehodidaligiatinal axis
4035t ies drflasiesb dmilizaxis domain)], towards the work piece, followed by being
temporally discontinuously (periodically or aperiodically) incident and impinging upon,
and milling, a surface of the work piece.

According to a combination of a continuous type and a discontinuous type of
temporal (timing) mode or manner of multi-deflecting and linearly directing provided ion
beam 16, provided ion beam 16 is temporally continuously and discontinuously
(periodically or aperiodically) at least twice deflected (multi-deflecied) and then temporally
continuously and discontinuously (periodically or aperiodically) linearly directed, for
forming a temporally continuously and discontinuously (periodically or aperiodically)
lincarly direcied multi-deflected ion beam 20a, which is temporally continuously and
discontinuously {periodically or aperiodically) linearly directed and extends in the direction

from above longitudinal axis 40 {i.e., the x-axis (in positive z-axis domain)], towards the
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deflected) and then temporally discontinuously (periodically or

aperiodically) linearly directed, for forming a temporally discontinuously
(periodically or aperiodically) linearly 20 directed multi-deflected ion beam
Woapwhizhss temporally discontinuously (periodically or apetoaicedkhosois
linearly directed and extends in the direction from above longitudinal axis

40 [i.e., the x-axis (in positive z-axis dgmain)], towards the work piece,
followed by being temporally discontinuouslyéperi di,ca(l%lj%/ or Lo
B R ﬁyywrﬂdan'e% FBRIGINGaRBRLCLHY AtIgeol LRipasly Grariedically
onapitipiicslyd ndidenr aliddripiagiogmbination afilicgntinubusdipe antk iece.
discontinuous type of temporal (timing) mode or manper. of .

Ut Ao ot g o IR CEHLE Brovieacion DeamMB o BSrisamefemed
epdedingismeyigetaiy bertindoissiy ket didconisladiodIimubiédetitctl) and then
IpREIPdicaliv, ablegshinice siriesteddudthlaherirdlanddhraderspoalivh is

continugusly and discontinuouslg (periodically or ap riodic%lfl%(]]) linearly

iFeltetir e S GO RS RSN BhRObUSIg AP ftrsua Lie., the
Xperkodicathaiveapearodically))]ineardy diteciedrimpiked didoted ibn beamincident
20a, which is temporally.continugusl| d . discontinuously (periodically or
&Zé‘gé‘ﬁgéﬂ%‘é‘l%})lﬂ?ﬁ‘ég? yra%{rié%%’e%lsgﬁucgégﬁl ﬁﬂ%ﬁ%ea?r'ection from above
longitydierar ies 0. eontiuounyisptin Posimeorab Xintpghaiyficcowardner of
BN Z006/07% S8 fifs TEQbI0PRR]3 1P worlkiniass HollRWe k¥ mporally

being temporally continupusly and discontinuously (periodically or
SPEABRHEI3) IrtsuRrE aAaTIRtISh G AY BGHoHRY it i eiRaial o peREinuously
liverkl pidicetdd, the geadng mainpiinbarbyshataitly dharastelizedd multi-deflected
exemplary.spe itli preferred _embodiment r}vid dion heam 10 is at, -
R R R P T SO M PTRNERD SRR s in e
donsting Bdndmiprdirseibuling gxde 8 e ide beaxs ZBbneghitts is-Hreakpain)],

easiedand fprrdsindhecirestian damuhalo\wlanatudinalans 404l Bpinging
the x-axis_@in negative z-axis domain)], towards the work piece, followed

PR Betnt) RiEiGRH SHHF b IG MGt 85 and milling, a surface of the work
piece. Aceadilip rd0a disniiminausstypgeobierappoadl(tithiigd)mood: ofr manner of

H?é\ﬂ%%&é%&i%o g gtfl';?CtiPo%f%Qﬁ firacting fy Oﬁ\)lxj(g\?i%ei&){]og %ar?née ris tem

, Oporaliy
provi lon beam 10 Is te porally contlnuousy at least twice ecte

ftnitaflodie feainditalbn termpsiadigabntirutrasiywier deflediedctea!toleflected)

HMING aclRpBRARANYEARTNIQUS YRRtk tirec g multadef 8ataely Iafected, for
?{;aam 20b, which is temporally continuqusly linearly directed and extends

IR e SRR T SRR Ry GtRET SR tD e RSy (Frrbariseted

mabtisiedbriathfhn beam 20b, which is temporally discontinuously (periodically or
aperiodically) linearly directed and extends in the direction from below longitudinal axis
40 [i.e., the x-axis (in negative z-axis domain)], towards the work piece, followed by being
temporally discontinuously (periodically or aperiodically) incident and impinging upon,
and milling, a surface of the work piece.

According to a combination of a continuous type and a discontinuous type of
temporal (timing) mode or manner of multi-deflecting and directing provided ion beam 16,
provided ion beam 1§ is temporally continuously and discontinuously (periodically or
aperiodically) at least twice deflected (multi-deflected) and then temporally continuously
and discontinuously (periodically or aperiodically) linearly directed, for forming a
temporally continuously and discontinuously (periodically or aperiodically) directed

mulii-defiected ion beam 20b, which is temporally continuously and discontinuously
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15 towards the work piece, followed by being temporally continuously

incident and impinging upon, and milling, a surface of the work piece.

According to a discontinuous type of temporal (timing) mode or manner of
wWiliodesliasting and directing provided ion beam 10, provided.jgn-heam 10

is temporally discontinuously (periodically or aperiodically) at least twice

deflected (multi-deflected) 20 and then temporally discontinuously

(periodically or aperiodically) I|nearly3cﬂrected for forming a temporally
(risebodliyuoushefodiiaijodiycan ageradit aly) ditesidyiditectictction from below

iltiadges ?%%'E‘cb%ﬁ@kz%s b Aﬁ&?@@%@ﬂé{nﬂﬁfﬁ?%%&}ﬁ% work piece,
te dsint

eriodically or aperiodically) linearly directed and exten e direction

felenrBelbiv RsegtutimaPrstly somimiowsly xands ecRadansly-dersiodically o

| Q&w@ua)ly)twamﬁ the wkm%ﬁplﬁwaﬂmygb@mgf&% EMREHY piece.

dISCO Lésgh erio lcal or an |od|cally incident and impinging upon,

and & ﬂfﬁle \//vtob?ﬁ &ycec NECHTHRY (& SEIARDiFRE I g lerred

: eniunﬁmmmsﬁwaiamaha tiesopibi nmauksaypemfc téefipoed| ({tintind) {taaeld) and then

1&%9%9&@2{“%9?&%%%%%@a@f&e&PQ&eBr&‘{lﬂFQek%@&% %QanP ;{? ich is

ion beam 10 Is temporally continously and discontinuousl (perlo ic

ligesly dpesiadiieadprisnfisas: hvidugine gt ahaltnachosti)ishadaetd [ie the

xtammgfaﬂy£QMmﬁgu§ﬁya@@%@sﬁ@atlmgy%&@%ﬂ@mauym@m{éwlIwece

ted, fo f t lly contipu
AR S oAy P BN PG A WL e i

beamA26hrdiviziciv isatermporallys coptin o usky pnd discongnuoedly M/@uanner of
I&QQQ{%%E BGH &%9?5{099%%1%918@&@8 igally %aB iedisa éx)beam 10 is

linearly direc¢ted and exiends in the direction from below ongltu inal axis

terpprallytrentiaveesin Aelpast &vica dsiipsisdinuitweliasthe wdribpretsmporally

c@iﬁﬂ@@i@ﬂﬁ@ﬂﬁ@ tﬁfﬂzﬁ&ﬁa::ﬂiﬁ%ﬁgﬁk’!@%'ig@@@ﬂ!ﬁﬁ@&ﬁﬁlﬂﬁk@l}’dhml&r}y directed
rigdic eriodica identand i pmglng upaQn, and mi

ré%ﬁ agc%io ?ﬁe"\’ﬁo plece X%hlﬁg i @H?éa ey (iaﬁé’l"&'?ar[n Al and

whadcierized)iexsmptdryasp ebifig, pﬁmfgﬁei:h:émbmdﬂimém,,ptmvrdedsldm z=0

cﬂ%‘fﬂ)}oalﬁj qﬂé%a%}é%@g@g&&gﬁs(w|[5Q§5Jﬁqﬁ%d%&n@p'i@9§ HABSW Y by being

“directed, for formln}c:; a linearly directed multi-deflected ion béam 2
e

GRRERPLY R e &é@%é@t@ﬁ&@}ﬁ&ﬁ@%@@ﬁdﬁ%ﬂ%ﬁm@ﬁ@ of the work
Iiwagltudlnal axis 40 [i.e., the x- aX|s (in z = 0 domain)], and therefore, work

piece gm AéO toward the \t/vork ce, 19 followe tq bemg incident and ¢
impinging ﬂpo% an%i mi %Iéfnémsuurfgge RETHEH et e h BiiRg fBegner ©
I@thm@ﬂﬁggitgpm@ﬂmmb:orfﬁh(tﬁnmg)mdé mnnbamnet(bfprowded ion beam 10 is

temporally discontinuousiy (periodically or aperiodically) at least twice deflected
(multi-deflected) and then temporally discontinuously (periodically or aperiodically)
linearly directed, for forming a temporally discontinuously (periodically or aperiodically)

linearly directed multi-deflected ion beam 20c, which is temporally discontinuously

- (periodically or aperiodically) linearly directed and extends in the direction of, and along,

longitudin_al axis 40 {i.e,, the x-axis (in z = 0 domain)], towards the work piece, followed
by being temporally discontinuously (periodically or aperiodically) incident and impinging
upon, and milling, a surface of the work piece.

Acéording to a combination of a continuous type and a discontinuous type of

temporal (timing) mode or manner of multi-deflecting and linearly directing provided ion

* beam 10, provided jon beam 16 is temporally continuously and discontinuously

(periodically or aperiodically) at least twice deflected (multi-deflected) and then temporally
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multi-deflecting and linearly directing provided ion beam 10, provided ion
beam 10 is temporally continuously at least twice deflected
(multi-deflected) and then temporally continuously linearly directed, for
Wormieeadgmporally continuously linearly directed 15 multisdefiectesiian: 3
beam 20e, which is temporally continuously linearly directed and extends
|n the direction of, and along, Iongltudlpal axis 40 [i.e., the x-axis (inz =0
be\t?:g{)j and therefore, work piece axis 40, towards the work piece,
cwana byPpbidtgetaHperlK &ﬁﬁmwﬂglwrn@ﬁéwégﬁw}nbﬂ?@% dissted, for
f@hthgilingnFostiifacentihtdasivo ik dpieeanARud a9 et doianidys conieHediSally)
of temporal ode or ma er of uIt| flect| and linear
hg/ (?tqulreﬁg@l eg |on?%§:dn B e hbmh 0 tae tﬁmousw and

prow ‘ion beam
disoomtinudyl ﬁwr(p@ndwmlgpmmﬂaaj lozdiyhyaditectisd m;te?ﬂdeﬂeeteble direction

oMl ﬂ&tgerqtﬁ% ANdAhenstem dﬁ%raltyeds‘g@pm@us@/ﬂsmﬁ%%% the work

aperiodically) linearly directe for forming a temporally. discontinuously
PiprridEROATRS PG IRERYTEE ABuRNPut Hitctat ArmpetieherEa R asheAy o
ag@idldaity) indesnpaialiy sisgaptinyeUsly rﬂﬂﬁﬂ@ch@at&@l’(ﬁlﬂwl@dm@%ﬁe

arl gectepﬁ?nfp exte@ds in thld) _ 0"399 ‘I&pgltudmal

L) - ' - WOTK D e~ followed
by bei‘i\fgltenﬂp@naﬁyodl?seoatlpﬂ@@u@l@ @ehm&ﬂywmémmwﬁqmms in

+ADE BRI GRS AN A 3,55 4350 HREMRIK @IS 03 main)). Then

According to a combination of a continuous type and a dlscontlnuous

Iipreadingiorer gripronésicrh it Rem inter Brirashitvienstallcg etharmvitaifiiee &) and
diraetng peavider] o tzeam\ae@tepreyldaﬁlsiemtwamza,Oaﬁdtetmmadjymtanonany

ontinuously dd continuo OdIC or ro ast
AT CReTS ﬁd 'fmu Od’ehem?e Xaﬂ%)%ﬁ e%mhébraﬁpﬁﬁfd(g% fed and
eRtBﬁdBLZ@OB'ﬁ@BOQ}B cBdtiediytitied Ushy Bigd a;swhmtdbdsty@etmhcéﬂghe@ line
ghgriogicadineariyd 5??89%39&59&9?!&'%& tﬁg‘@ ﬂﬁYaE@@ wg%ﬁﬁﬁpgashed

dlscontlnuously (periodically or aperiodically) lirearly |recte

BRg BRHBAEREY BABeaRTT A4 ) TFRTT Y thiiioram leastidinal srisaify towards the

dtﬁﬁqmu&u aIRlypesiatiogiyaiapariodioahgilinapsly aieaiRtaNE RXeRAS the
e. dlrectlon 5 of, and along, longitudinal axis 40 [i.e., the x-axis (in z =

8 o] aln)] towards the work piece, followed by being temporally

contlnd@uslwmdiehﬁdorfhnumsrsbjil(’tm@emnaﬁymrcmnmﬂsauy)fmld@mﬁomﬂy

%% dﬂ}ﬂ!ﬂ&%ﬂ:@eﬁ xRAH il oL IR MO RIGREN RO BHRRhod for
atial Modes o anners of lon eam Milling of a Work Piece
dtrected mulii- deﬂccted ion beam milling of a work piece, each according to a different

- specific rotational spatial (directional, orientational, configurational) mode or manner of

multi-deflecting (for example, twice or thrice deflecting) and directing provided ion beam
10, wherein rotationally directed muiti-deflected ion beam 28a or 20b, or 26¢, is
rotationally directed towards, incident and impinges upon, and mills, a surface of the work
piece.

Moreover, each of these two (rotationally spatially characterized) main exemplary
specific preferred embodiments of the method for directed multi-deflected ion beam
milling of a work piece, is implemented according to three main different specific temporal
(timing) modes or manners of multi-deflecting (for example, twice or thrice deflecting) and
rotationally directing provided ion beam 18, selected from the group consisting of a
continuous type of temporal (timing) mode or manner of multi-deflecting and rotationally

directing provided ion beam 18, a discontinuous (periodic, aperiodic, or pulsed) type of
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With reference to Fig. 2, provided ion beam 10 is linearly directed and
extends in 10 the direction of, and along, longitudinal axis 40 [i.e., the
x-axis (in z = 0 domain)]. Then, linearly directed provided ion beam 10 is

v laashiwge deflected (multi-deflected) and rotationally dipe¢igd@ARds: s
converted or transformed into, and becomes, rotationally directed

multi-deflected ion beam 20a or 20b,_gr 20e, which is rotationally directed

and extends 'conically’ or 'conically-ﬁ e' (in Fig. 2, indicated by the large
tearsiveld fiméng brpede pe oiviersr afawdttitefle @i 8pdoiindrnsdin diiecfhig. ovided
idndicated by.dhe smalhoashed Ing:RersPEHvValY Arawmekeiaodbe of temporal

respectively, around longitudinal axis 40, towards the work piece,

(FIHEWERS Peirmsiteht ihderpinginy dpeiHoaHy MiRAy areidubion beam
thevwwesknpieegiohitite spacdicalyiitie et dilg descripliornearoespandse, is
to two (rotationally 20.spatially. characterized) main exemplary specifi

R e S A S R R BRE B e wons
tivsam il gomapiworkspietds, erfbradcorhngitoentslifferdat meibedfidor directed
éﬂlﬁ%ﬁ@éé@@y@bﬁﬁﬁﬁmﬂg'@ £i%§§tiﬂ@@é; &Rﬂﬁﬂ%ﬁ@@?lﬂm%@fme@ateiy

manner of multi-deflecting (for example, twice or thrice deflecting) and
falleiigy provided ion beam 10, wherein rotationally directed

multi-tieflectagt inapiheamidoa9rspRinl Br daede 2k dptatianddly difeifetpreferred
towayds, incident and impinggs.upoen, and mill surface of the war.
R S TR R0 R R BT AR g o
wtaiorelermptatyd sedifiopeferntdiemiiodiretsts wikirdafietsdddobeam 202 or
sireciaimuti:dafiesiay ignbeamnmiling,of aiarkigiees. R HRRISMEREound

acc_ordjn%oto three main different specific temporal 30 (timing) modes_or

longirdiabrrn Al deneEing P EaIFSeoiMtE b PYHPRIBERAKERA g7 himpinging
upbatianbHy ke atingiprovidedvion: e 10, selected from the group

consisting of a continuoys type of temporal (timing). mode or manner of
i SRS oL PEca e BRI LB ol 4 ot o
diditotrilgbus {pékodiesl hiperioticaby bl eefptippel ot drestagoproadgbn beam

BC TAR805/0009 3032 e T QEal {AmIp Ok ARG RSINANNGER] twice deflected

multi-deflecting and rotationally directing provided .ion beam 10, and, a |
CBRHR RS OF SR UERIBLRYE SRBFASES HiRRISEey plTes fmiserfrming
{tinpag)imase momannesohaiytidefiet indthtcllcoted dnaliyadirskting20b, which
rovided jon beam 10, wherein rotationally directed multi-deflected ion .. ..
R R S A B i K SRS
rrpiR dengivesinalnekinifts, dovarischoihkworke, followed by being incident and

impinging upon, and milling, a surface of the work piece.

According to a discontinuous type of temporal (timing) mode or manner of
multi-deflecting and conically or conically-like rotationally directing provided ion beam
10, provided ion beam 14 is temporally discontinuously (periodically or aperiodically) at
least twice deflected (multi-deflected) and then temporally discontinuously (periodically or
aperiodically) rotationally directed, for forming a temporally discontinuously (periodicaily
or aperiodically) rotationally directed multi-deflected ion beam 28a or 20b, which is
temporally discontinuously (periodically or aperiodically) rotatidnaliy directed and extends
conically or conically-like around longitudinal axis 40, towards the work piece, followed
by being incident and impinging upon, and milling, a surface of the work picce.

According to a combination of a continuous type and a discontinuous type of

femporal (timing) mode or manner of multi-deflecting and conically or conically-like
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piece. Such exemplary specific preferred embodiments of the method for

directed multi-deflected ion beam milling of a work piece, are illustratively
described immediately following. In the first main (rotationally spatially
wbatagieliwed) exemplary specific preferred 10 embodimenigproyidschion
beam 10 is at least twice deflected (multi-deflected) and then rotationally
directed, for forming a rotationally diregted multi-deflected ion beam 20a

or 20b which is rotationally directed and extends ‘conically' or
r%@m@aﬁw-mt@cémuﬁw%ﬁgitm nbgasxist 80 prswidrds PR W3R pcés temporally

cfﬁﬂﬁ%%i?w i&f!gﬁlﬁiﬁ&ﬁés_%n hEnBInging omqjariamd?mibliag xsasszqwg@edaﬁecmd
the wor plece. ccordin a continuous type, of tempor timing).

B S A B S i SRS e thcaty o
apetddibadlly direadinglhroviclededn lﬁﬁarﬁomﬁngrm/ideuhmmbﬁamﬂtﬂﬁ&usiy and

&%@39@5@{!@&@3g%%%&amﬁsle%txﬂ&%ﬂsﬂs&s%smu lizdeflectad). aRd e ion

temporall inuously rotationally dirécted, for forming a temporally
hearntiPRm o5 R0k taiiay emeily suntireendytand dirtrusinpoerlyoipoppgdically or
piehi<lts tesmperally cantnupusi retationalopisesiedand@xiandke around
conically or conically-like around longitudinal axis 40, towards the wark . .
TSR RISl BRI AR TSN T PTGy mpinging
wuifage! afitheewonkr Hieod. thceoripgde a discontinuous type of temporal
(timing) mode or MARNGT 9. w&éﬂﬁ(@ﬂ% iR endiceniealv T Sonif ﬂ%‘” i
rotati(?r%arﬁ?g/%d?rfaéct{i?g proyi%é)d ionb am8.215 1%, provided iggn bear% 1( isgi%m ©
Rreafvpsianpidisantinpouilyd rariberaniy o dpler divishyjclierded (myigiedellected)
defiectedwmuingefiected)rant thex) terapacibidiseeatin yaus!iefiected ion beam
eriodically or .ap io%icalle(yg ro ation@l direc ed,‘Iqr forming a. .. )
BB G GO P MR PO el s 4.
winacte dhowidid eftect cdlionddelaybidg drc2Bint winicimisintgmgpgradlyand miliing, a
Q%QQHP%%M%TJ&Q%@%Hﬁ%ﬁ&%&é%ﬁ?tﬁi'@%ﬁ%gﬂr&ﬁhef&%{?&di al axis
extends 30 conically or conically-like around longitudinal axis 40, t Waréls
#e work piece, followed by being incident and impinging upon, and
millingagcsrifacadf theonatkonic agpAcEOdingoial a @@miination: 0bA manner of
continuqus.type and %‘?isc ntinuous type,of temporal (timing) mode or .
T IR ARG R AT S CETEATOP LS im0, provided
RO0E16210 53 R RIL2 008100083t I8asb tation ddflcdird diimgd tpdofiched! jomnd then
&%?C;I&aﬁ REQVIARAIRN REATLAR, SAcmegraly soRiRyors,Aathy tinuousl
dis onti%uouslly (perflgc{]dically or glperiodicéllyg at Ieas# twice c?eflec eé““ nuotsy
rotationally directed multi-deflected jon beam 28e¢, which is temporally continuously
rotationally directed and extends cylindrically around longitudinal axis 40, towards the
work piece, followed by being incident and impinging upon, and milling, a surface of the
work piece.

According to a discontinuous type of temporal (titning) mode or manner of
multi-deflecting and cylindrically rotationally directing provided ion beam 14, provided
ion beam 16 is temporally discontinuously (periodically or aperiodically) at least twice
deflected  (multi-deflected) and then temporally -discontinuously (periodically or
aperiodically) rotationally directed, for forming a temporally discontinuously (periodically
or aperiodically) rotationally directed multi-deflected ion beam 20¢, which is temporally
discontinuously (periodically or aperiodically) rotationally directed and extends
cylindrically around longitudinal axis 4@, towards the work piece, followed by being

incident and impinging upon, and milling, a surface of the work piece.
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(multi-deflected) and then temporally continuously and discontinuously
(periodically or aperiodically) rotationally directed, for forming a
temporally continuously and 5 discontinuously (periodically or

Rpelipdically) rotationally directed multi-deflected ion beam,20,95R2%913

which i1s temporally continuously and discontinuously (periodically or
aperiodically) rotationally directed and extends conically or conically-like
around longitudinal axis 40, towards e work piece, followed by being

incidetamdinenpingingmbipetivand millimgpacsurfzpe Biktiredisopripieces e of
£ ﬁlb%?aﬁ%%%ﬁn HBae ARtinnalY: S@@%@ub{iﬁe{aﬁ@m@%ﬁ@)%mma% seeaticiy

referred embodiment, provided ion beam 10-is at least twice deflected
effeieneited)ioankried borinuidatyiomrdetsy MbitdFmmE B GeatioHawfy and
disaiatduuli@afieatadjos beamdgiwhichdsy edtiodaflyctite ciadtandiccted)
Send EriirA ARG PRGIUAng, B A0 IRIAIAS I WOk PIeRe

ng nciaent and impinging upon, ana mi Ing,gl%rsﬂ’r acemé‘“}')

wofdiensiiyrkddiened, whereiorpiogidedtimonpbedion Torigngoastial enith discontinuousty
dﬁ&ﬂ!&f@éﬁ?hﬁéﬁ%ﬁ%@rﬁﬁ?@@ﬂ?&ﬁ@l@ GHRLRH QS VRA QLIS RRYAA BRI Dhich is

mode or manner of multi-deflecting and cylindrically rotationally directing
tsreRaEaty ipn sy oash SURISRHRSRUSEA eI HC YN SbaRfy bRt ot aally
{pRstdviea deflectas ittatieflected) long tkpmP xie o dotitnuatsMece,
g))‘iatio%%ll bdjrecte%, for f%rmin a tem orallé coitinuapgfﬁgcé% tiilgr&%lll_}% ece
PSSR OB St ion BBaM 20¢ Which 18 W@ifiporaity continuousty -
rotatioMéilly défectad aind Bigteddsreghindnicaily axbened ibertistisiohal desigrited two

E?M&%ﬁ@%pm @i?ﬁsfm%e#%e%@g Q?éf?%ﬁ? et RN PRGNS JHAABts, and

and milling, a surface of the work piece. ccording to a discontinuous

thpse smersdiEN I MgHeH i dBRIARTINEE SRah e atirgrasiiod for directed
sxlindrigriiedotatiopally diteelingdiravideckiasideamel Qopravigdest ieghically-iike

beam 10 is temporally disgontinuously (perjodically.or.aperiodically) at -
R S et e el A TR
(Pextdicallyoonteapbribdicaliiyesiatiomayr dixbmmsthefof foriikiyiae direction and a

temporally-discomtinuuslydariiadisally 3005 apetpdicay) rotationally

directed multi-deflected ion beam 20e, which is temporally

discontRiseity erloatcity SirsgionoARealRT) Torkdirtydiiertet smpination of
endendskalindiieatyarabnddengitudisat BxisMd, tivearids, the wek giskally or

o o e 33 S8 o
longitudinal axis 49 (circle 52), is according to a partial rotation, that is, greater than 0 °
and less than 360 °, or/and according to at least one complete rotation, that is, equal to or
greater than 360 °. Furthermore, such partial or/and complete rotation of the comically or
conically-like rotationally directed multi-deflected ion beam 20a or 20b  around
longitudinal axis 46 (circle 52} is according to a back-and-forth rocking type of conical or
conical-like rotational motion, or/and according to a continuous or/and discontinuous
(periodic, aperiodic, or pulsed) oscillatory type of conical or conical-like rotational motion.
Additionally, the conically or conically-like rotationally directed multi-deflected ion beam
20a or 20b, according to any of the just described clockwise direction, counter-clockwise
direction, or combination of clockwise direction and counter-clockwise direction,

rotational motions around longitudinal axis 49 (circle 52), generally, projects as a circle or

ellipse.
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34 According to a combination of a continuous type and a discontinuous
type of temporal (timing) mode or manner of multi-deflecting and
cylindrically rotationally directing provided ion beam 10, provided ion
Weamdiistemporally continuously and discontinuously (pecrogiaadkyioseis
aperiodically) at least twice deflected (multi-deflected) 5 and then
temporally continuously and discontinuously (periodically or aperiodically)
rotationally directed, for forming a terﬁaorally continuously and
discoftinuplistyicgerioditaiilp laparibdichityiy fetabiealBeam e ds according o
a%iﬂ@kqgﬂeeﬁﬁ?e‘lﬁ%, %@m&%elmﬁésdﬁ%mm[a&/ £QtHBIURIY 3nd clockwise

discontinuously (periodically or aperiodically) rotationally directed and

sedings Syl FRUN ISR 6 SRERATR B8H MBRIMHEAN B oM e 59
Aéhi?&@aﬂ?g@yzmwgdiﬁmptr@caddﬁﬁmmha@wtpmltﬂﬂdhﬂﬁm@rarﬂbsmfaﬂe, since
of the work piece.. With reference to Fig. 2, regardi Ve . 4

REAT GBSO Oy Obta o e droction or
@aptioykspeciicpiefat edadmbodiiedtsativdowieestorisesiar mvithglected
modes obimplemanting saghhahereohefithemetnoed tor digsiad direction or a
multi-deflected ion beam milling of a work piece, the co

icall .
e R A e L T

iS:26ER008 fevand askuisefdifection iancemtere;aakwisefdirgetiomdoaaaxis of
combinagjon of a clockwise direction.and a. countersglockwise direction,
SYBRAT T dﬁ@&ﬁ{‘aaﬁ x|§éf%€éﬁ%ﬁ%’%ﬁ§ggv%ﬁr¥hzeg%lpckyvise direction,
countevicteckiskeditadtivss dirediohinativer slogkey i dkeatendive eaminsipn of
the GQ8I {%: 'Oﬁﬁ%{%dﬁﬁ&ti%’ %ﬁﬁ?&ﬁ@@&@u}’sgrd%@cﬁgﬁ,ic@fy%e cylindrically
rotationally directed multi-deflected ion beam 20a or 20b around. e 54
mtfgmaihfaqha%@éw&k&‘éﬂs%yﬁié%&?mi%%‘t@%“ﬂ%r‘ﬁ&ﬁ%ﬁ%lijrﬁ"fﬁé‘f’ié‘f“ ¢ 34),

wWerterdhand » gndilessthrn, 366t oy/greacterding tmatleashand60 °, orand
complete rotatiqn, that is, equal to or. greater than 36 t r o
AP (S’F/jﬁa&tcSIrﬁpfgfgb#S#%tfgtﬁtﬁl}haéh%ﬁfézﬁﬂ?agr té:o%r%icaﬁg%ﬁkzhan ‘360 '
Dtatiomadly, diel teutial uitiadftevtplytiorviteme G eyl olsieplburgignally directed
l%%ﬁt—'égﬁé%leixlﬁiﬁ 9&%&@%&@%9@%&9&9 @)@@Q@'Qﬂ%@m rackibgding to a
type of conical or conical-like rotational motign, or/and according to & g t
destirred fer/ PRk S CRfineib (¥ TIERBlR UMb RSP p AERY) 2ccording to 2
Qsgillaten typenal andisalnbeorisaldike rapatiotial notmrisedydditidiadly, type of
the canically or conically-like rotatiopally.directed I cted,i 3
2@3"6%’%1}{ “sh |fngn{30/t1§ﬁy of%égﬁﬁsﬁéiéé’sctﬁgeaﬁél%%ﬁgvﬂi éﬁ%%g%r?? a@e{fted
couittetetimtidise 3ardiddctisrondinp tainandriisf e desssbedirdetiorisarirection,

¢ &Ii'x‘t%k&&'&’&!%&%%ﬁé@ﬁ%?& JotaionahneetonsaruniangitkdioalReie dtkwise
(circle 52), generally, projects as a circleor ) i
direction, cylindrical rotational motions around longitudinal axis 40 (circle 54), generally,

projects as a circle.

Main Parameters Characterizing the Directed Multi-deflected Ion Beam

With reference to Fig. 2, for the above illustratively described different exemplary
specific preferred embodiments of the method for directed multi-deflected ion beam
milling of a work piece, according to the specific linear or rotational spatial (directional,
“orientational, configurational) modes or manners, and accdrding to the specific continuous
or discontinuous temporal (timing) modes or manners, of multi-deflecting and directing
provided ion beam 16, wherein directed multi-deflected ion beam 20z, 200, or 20c, is
directed towards, incident and impinges upon, and mills, a surface of the work piece, the

following main parémeters are applicable for characterizing directed multi-deflected ion
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ellipse. WO 2006/021958 PCT11L20051000913 35 The cylindrically
rotationally directed multi-deflected ion beam 20c, is according to a
clockwise direction, a counter-clockwise direction, or a combination of a

i rection and a counter-clockwise direction, arou I
glﬁglﬁ A%/%(%rgslie 54). Additionally, for the cylindrically rotat|on2F?Il’?i{]rge}é%@éliﬁ@1
multi-deflected ion beam 20c, since 5 longitudinal axis 40 is coaxial with
provided ion beam 10, the clockwise dftection or a counter-clockwise
ietizecion firatatien ohidyindciedtywotationaty tixed tedimtiti- dpdie ciaimitithg, a
sk?l?ﬁgé 8P rOllll(ndelc%ngltudlnal axis 40, is equivalent to clockwise direction
or a copnter C ogf(mse dlrectlon of rotation of cylindrically rotationally
directéHamgk b@fithe hunhepocdavated ohvadib of gioeidédidh-deflected
Bﬁ%@o@nﬂ)ﬂﬁ%@f@&%ﬁ!{@BBQQ@@&%&BM&Y'!H@&L&@'%&QP@W p2Bupon, and

directed multi-deflected jon beam 20c. Moreover, the clockwise dlrectlon
EH%eF‘é\lé R é‘lﬁ’. PR dAhbRieatRearbeRE CREBUMES of ek herumiling
mlﬁekmowntkerpeeloe;kmsemneetm wikitheo€ytinddaaibaniotatiooalybiirestedange of

B‘QHlléeqeftL%SP%ﬂ 191,852 A% A MCHRL: ﬁufi”a' éé?% (Gl

fs x%ﬁ?enzaéfé%rably, n
accord Ing toa partla rotation, that IS, greate SS
DR D5 bRVEPHITENY 20 mictone e@#nfﬁété oRfioricnenst {8, wijlimeteror For a

ﬁf@@&@rlyﬂ%ﬁ@@qﬁfwg&ej’m%emmﬁ{g @Qﬂ@%rﬁ%@e{ﬁe@@ﬂ&@r% width

ge cylindrically rotatjon IIy directed multi-deflected ion beam 20e around
RO SRS A6 CIPNE )3 SEE STYEFA AR SAEMBIIF o Rkhbout 100

typenadteylindrical rotational motion, or/and accordlng to a continuous

or/and;mgﬁgt@ﬁ@@e%d\8335; Od' Sr?ed %”&E%é eﬁyﬁ] 10 Bfected
cyllndrlca rotational motion | Iona y, t e F J rotatlonaPy
HipchaEd 200 REbetctlie ot @é%%@teéé@wﬁfrglrmé(w ofdimpinging upon, and

Qﬁﬁﬁfgbaokmek\wswwﬁﬁuqnecso%@B};W%ﬁ%@&ﬁ@%@&&ﬂ%ﬁ%@m
ﬂﬁfg%kwse dgectlor(lﬁgnd counter-clockwise direction, cylindrical

ATIRSAEH A i diar eisr o ity REstampLY: in a range

pfhigetsastawiicie V2ER:ddinParaeeters Characterizing the Directed

Multi- dﬁﬂsq(fllﬁlg- !i% \E’iﬁ -Ehu'i ef e%ép G %f forthe abod\(ion beam intensity
illustratively 6escrlbed ggﬁ&l erg_en‘t“%pﬁa?%ﬂgpe‘rreexe d
SRBStHNEht ST eHasPretavd fored el shatisd ofiteadatdorithéenpremitiingrected

Qfl@tiﬂ&lﬂéﬁlﬂqgn %@ﬁ&rdﬁgmf& seecllig: insarcontoiaiangksatidhporal rate of

rect|o , orientational, configurational) modes or manners, and
anogr%l fﬁte%sb é? %‘f’%ﬂtﬁﬁﬁf geted mult ti-defiected ion beam 20a, 20b, or 20¢,

whxie bemg directed towards, incident and impinging upon, and milling, a surface of the

DY

work piece.

Second time derivative of the intensity (energy) of the ion beam: d(ion beam

intensity or energy)/dt*, where t represents time. Rate of change of the first time derivative

of the intensity (energy) of directed multi-deflected ion beam 20a, 20b, or 20c,
corresponding to the temporal rate of change of the time derivative of the intensity (energy)
of directed multi-deflected ion beam 20a, 20b, or 2Z6e¢, while being directed towards,
incident and impinging upon, and milling, a surface of the work piece.

Current density or flux of the ion beam: two dimensional (area) density or flux of

the current of directed multi-deflected ion beamn 20a, 20b, or 20, expressed in units of
cutrent per unit cross-sectional area of directed multi-deflected ion beam 20a, 20b, or 24c,
while being directed towards, incident and impinging upon, and milling, a surface of the

work piece. Preferably, in a range of between about 0.08 mA/cm® (milli-ampere per square
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30 or discontinuous temporal (timing) modes or manners, of

multi-deflecting and directing provided ion beam 10, wherein directed

multi-deflected ion beam 20a, 20b, or 20e, is directed towards, incident
vaggobppinges upon, and mills, a surface of the work piece, g Kobewing 13

main parameters are applicable for characterizing directed multi-deflected

ion WO 2006/021958 PCT/IL2005/000913 36 beam 20a, 20b, or 20c,

while directed towards, |nC|dent and impinging upon, and milling, a
cenfifaierbfative abovk éﬂébenﬁramefenlbrammrﬁomhé%ﬁf%éamr%ﬁm,e@ﬁornore
oWidH0F slreripg: multidafieates: dON-RRAM?2A8.:808, 3 2Q%nhile being

dlrecteof towards, incident andlmlnglng upon and 5 milling, a surface of
the wBALHRIEL 2pwle ATEHMHIRr SRl RIIGR S S d OB b A Fpg IR R o AR o
amgiﬂkrm&@&zcﬁﬂ&ﬁha:rmmnmﬁamdﬂfraﬁéhenombieﬂmifﬁ, jreterab304n Wyangedc,
of betwe Qut 30, micromns,and a 000 micr meters), and
Rt L, SR R R U o RS o
a00 06 Higra merizcomifithsetork Flepea lfoe it fbeesen 0FIB)iyHe opdorptation.

beamppiling, Of 48 WK RISRS HIRIHAMSIS05 Wk IAO B HREIAPSATe ion
is, preferably, in a range of between about 5 nanom ters?nd about 100

ey canlRyPTEERA BRI QArHiAtR R Sreplieok represents
tﬁi‘l’ect@itmUﬂleﬁ@iﬁl@:tﬁ_dthambﬂaﬂ‘iaﬂaag%br anh@0ay, dikfliadesiag dif eotedonally
lrece Cc?e etc Hdidnm rﬁ) p%}& acr)}d 00 Illm %%jr(% iR lth %kwhﬂe
plece eferably, In a range of bétween abolit 0. eV 1 ectron’
W@ﬁan@edmm kév%ﬂtoa@eWWthspoandnﬁqmﬁhpaefeﬁatﬂa}wwfathe work
pREgewah keiwes-abeulinkey ﬁﬂ@n?;hﬁ&!t HELkeVerkifs! tngdesivative fhale or

the |nten3|ty (energ of the ion beam: d(ion.beam intensity or energy)/dt,
RS tiwhieasis i Triatoailn ARRCRE St reIoRTSIRP B ffiro o o 20c,

divexicds ghultindblestdd, i ovhbedi20d, 20hrdr 20&ienitntin@pinging upon, and

cor rrespon t1nc(%t ﬁe&gr poral rate of 20 change of the intensity (energy)
mfd r%c%e%lrmultl ?Iectedjlon beam 20a 20b or 20e Whl|e belng

pgkoe;@&eal S e gy o mge;amaewgmawem
beam 2(ion beam |ntenS| ﬁfor energ i‘}%f/dtz where t represents time.

e ofBaPlg8tBReRcofiriifia! dimtalive B8 S P inieidde ARlgy §ofngular
displatechenulif defléchetlyiatrieam20iéd20bsted R0ebentrasporitingrtotheround

[6raRRERlfRI%: T aNaNAR ihg HMeEe UG OlHDE NSRS Y SR hpon, and
milling, a surface of the work piece, with time, corresponding fo a temporal rate of change
of the first time denivative of the rotational angle or angular displacement of rotationally
directed multi-deflected ion beam 2{a, 20b, or 20¢, around longitudinal axis 40, while
directed towards, incident and impinging upon, and milling, a surface of the work piece.

Direction, path. or trajectory, of the ion beam: the direction, path, or trajectory, of

directed multi-deflected ion beam 20a, 20b, or 20¢, corresponding to above illustratively
described specific linear or (conical or conical-like, or cylindrical) rotational spatial
(directional, orientational, configurational) modes or manners of multi-deflecting and
directing provided ion beam 10, relative to longitudinal axis 40, while directed
multi-deflected ion beam 20a, 20b, or 20¢, is directed towards, incident and impinging
upon, and milling, a surface of the work piece.

Another main aspect of the present invention is a sub-combination of the method

for directed multi-deflected ion beam milling of a work piece, as described hereinabove,
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of directed multi-deflected ion beam 20a, 20b, or 20c, while being directed
towards, incident and impinging upon, and milling, a surface of the work
piece. Current density or flux of the ion beam: two dimensional (area)

\gﬁriﬁbté’o?{ olux of 30 the current of directed multi- deflected ?d% 90% 5
0b, or 20c, expressed in units of current per unit cross- sectlona area

directed multi-deflected ion beam 20a, 20b, or 20e, while being dlrected
towards, incident and impinging upor?’?and milling, a surface of the work
wieedy Riateiaplyyisian rdngedidiefvetinabd D8 flrAidom2panilliediypesean,

18%5&9%%%9 f\é\{ﬁ ' g %Qi%lsgﬁv% Fe)&dT@' 20091%11195 n%lt%nt'fﬂoggﬂ drsnﬁ;[eerre)o?ncp irecting
out milli-ampere per square centimeter),
qaée#é}%rm%dﬁé}?ger@ftb%w%mbwm&m%a @mﬁdaeum-deﬂected
B Ve HRataliend aneareaapaniap AisRiACRMeBLRS f&efmlhgarau&?cd once
gle of rotation or a Iar dl%%&u ement of rotatlogally directed
L R e 50 18 dFERH ABRORERTRAFdRis g for
fadnilesbe thg«dicbotest teflandd wmdrelmntbamg tmpgiegm@umam-easﬂtmﬂmg t@am.
surface f MBANETBISR: .8 (nge S1AGHYGER O, ARCLAO0.RELOIeYON. 5 4
Vat angle {fig

aion
First time derivative of the rotation 5ra angu splacement 0

Joft: Beamd: @(r&lﬁﬁ%%%rﬁ@éiw&ﬁ‘gwwgﬁré@emmwmé lon brsam jrgiudes:

meﬁﬁgt ae@reseaufsunmed&e&@ ahapgeistdneddaional 2006k IWRkcted
ment.of rotationa 0 directed multi-deflected ion heam 20a
5&?%}326‘6 d APBLR % aPé%%‘"'zléy\féﬁﬂé"‘Hb%r‘?ﬁ“bﬂ@‘c‘?&ﬂ%‘\’ﬁa}?ﬂ%"d@d ion

taeinldlt ndampiegind) regied pamldt&ﬁlémgd &)ﬁllﬁéaﬁe(ﬁfrtbﬁwﬂﬁk spieae inVitias. 3
0 in I I tational angle or

angufa% i&%ﬁ%ﬁm&?ﬁ %ﬁgrill?r rect “ﬂﬁ‘tl g;léet?{;"l&agfdg coung the

mt@bw@rdzﬁecteérwhbmngﬁﬁaomdﬁéx@rm whilkesdidtelt dvvarids 2 directed

incidaphanchimPIRAInGURON R G 1R MHLAG4 At Tage AL INERIK RESS0b, or
Second time derivative of the rotational angle or angular displacement of

&ion beam: d2(rotational angle or angular displacement of the ion
beam)ﬁdt&hwhaamtmpceeéms pliesant Fﬁatmﬁbﬂhapgﬁzi@fcﬁhefﬁersieﬂmefor directed

th nal e Qr angular displacement of yot
:%rl(algt%eg &% % egc%t Igg’arﬂc%zga%;é%%lre (g emngcl)%n %S‘:ﬁ’g uda/ r%almam
a&wamww@ @é}ﬁwﬁ*@&eaﬁ@mﬁr@slqn@meamﬁmmhg fopprevitek an ion

Bl awtﬁpec@&ﬂaeéwg RIAGRuMIR RGN SALESPANGINGHR Qi LS RP RN east
rate o %ﬁé{% nge of the derlvatlve of the rgtational angle or angular
a

i i S e Blirtssiedomp boan.
oh266; &mdnelelechgnﬁnldrﬁaﬂmteﬂ 46h daike is directed towards, incident and impinges

upon, and mills, a surface of the work piece.

Fig. 3 is a schematic diagram illustrating a side view of a more detailed version of
the exemplary preferred embodiment illustraied in Fig. 2, particularly showing an
exemplary specific preferred embodiment of the device, being ion beam unit 100, including
ion beam directing and muiti-deflecting assembly 126, for twice deflecting an ion beam 10,
and showing an exemplary specific preferred embodiment of the work piece imaging and
milling detection unit 300.

Fig. 4 is a schematic diagram illustrating a side view of the directed multi-deflected
ion beam milling of a work piece, and, determining and controlling extent thereof,
illustrated in Figs. 2 and 3, particularly showing a cross-sectional side view of a more

detailed component level version of the device, being.ion beam unit 100, including ion
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directed towards, incident and impinging upon, and milling, a surface of
the work piece. 25 Direction, path, or trajectory, of the ion beam: the
direction, path, or trajectory, of directed multi-deflected ion beam 20a,
woPoaE eQ6sgcorresponding to above illustratively described g%%}%g[
or (conical or conical-like, or cylindrical) rotational spatial (directional,
orientational, configurational) modes or manners of multi-deflecting and
directing provided ion beam 10, relati¥@ to longitudinal axis 40, while
irectic3Mynantl-defldeteltitind eawindda 120b souGed i ardiréatedotonast Swice

d@ﬁég gé %P%H‘BQAB%Q upon, and milling, a surface of the work piece.

Anothef main aspect of the present invention is a sub-combination of the
methotheatbaie ctedtrsing -destaipteh iof Beaffipifit ufraploorkspreife; asferred

Apssdibegtder %@%QQH@({ WQ;MW%@@Q&@B@@QM%%&& 0?8 work piece,
Whergré% thergléls provjsion of a method for directed multi-deflecting a

BESHARE ih BanPeR BRI NG h e Fol R PhaifPeiahst dé‘i‘?fit“@t‘&f‘}lnpd?fﬁ‘é’i*l@’lomaE
andifuratiionilitiesithereofnairectingndinstairdiagt twichedafledifieg tbatinuous or

f n rected multi-d I d i y.
%é%%%t?gg%]ntg&|rec%|crt|qétgk{[(ggpr%\(ﬂd(%do ion %mér’ﬁ for or‘}glgaﬁgﬂjngc 8b gﬁrggu%

Bytedretien hﬂ%é&nwaﬁrairﬁéﬁé@ﬁﬁgrwﬁmﬁ%@twgrmebamcwa,m or 20¢, is

@t@é&@&mmmmemraﬁ@rmmf %B/msd%ﬂmﬁ&iemh@%i?g@ge as
%.t e.of the multi-deflected ion beam.. Accordin ge with reference to

A i’ a&dﬁ?&ﬁ%f?e?@?gﬁ%@"té"ﬁ stgativaly deseribing the gy ‘Fr‘?e%?’i’&ﬂ:ﬂ ton
tonmliredta@®inetiveefieding a prﬁvwedmﬂxbe@nbdmluhdﬁslﬂdlﬁﬁaﬁhﬂesaaﬁl beam

a&é@eﬁég f‘f?uﬂﬁ %ﬂgg tgssg)én% Q%qudogpg% m% 0 Jorf ”H&%ghgfﬁf b v1ded

10 mu ecte ion m 20a,"2 eflec Ing an
#ahi8vided ion beam 10, for forming a directed once deflected ion beam

(for exAgBlainpR WL FigS: Beand B asiloaerditb: %ﬂlg-]l('.):dq}%ﬁﬂ’r whidi 00, for
% as 16%)?%and deflecting and dlrectlng the _directed once deflected
Friehm sk

o8 B8R oL ) MR ndns b it Teliredng main
dsﬁpmuelﬂts(ancbkamcbmm@athyp@bbﬂ]e;du@m%mItdsdae:ﬁlﬁ@temldﬂrk;ﬂaﬂﬂmg an

%%%e%gpl@raﬂr?%o%h%g%&} [:008 %?ufll féh E{Ssent n mﬁﬂ o directing

provision of a device for directe ected ion eamm I|n

st ﬁﬁéﬁéwlﬁ?;l@ﬁﬂﬁ@lﬂﬁé)féﬂb\ﬁﬁngqh%ﬁﬁl Horipdheringalinddied m@lmmr@gted ion

H&Qﬁ@QbﬁBrlmib%ang@Um&ﬁsiem@Yn fprgprovi mgaﬁ i8iBRAM: %? Merein
neé)tg m qirec ultl deflectin sembly, for |rect|ng and at [east
R S CU R B ST o AR S & CHbGHE ) drcted

muzhr{t#eﬂe(deut ioud pe@inges upon, and mills, a surface of the work piece.

As stated, ion beam source assembly 110 is for providing an ion beam 1¢. In
general, jon beam source assembly 110 generates ion beam 1@ by ionizing a non-ionized
particle supply, for example, which is supplied to ion beam source assembly 110, for
cxample, by a non-ionized particle supply assembly 112. In general, non-ionized particle
supply assembly 112 is either separate' from, or integral to, ion beam source assembly 110.
Preferably, non-ionized particle supply assembly 112 is scparate from, and operatively
connected to, ion beam source assembly 110, for example, as shown in Figs. 3 and 4.

In general, the non-ionized particle supply is essentially any type and phase of
chemical which is capable of being ionized, such that in an ionized form is capable of
milling the work piece. Preferably, the non-ionized particle supply is selected from the

group consisting of a gas, and a liquid metal. An exemplary gas type of non-ionized
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wherein the directed multi-deflected ion beam is directed towards, incident
and impinges upon, and mills, a surface of the work piece. Fig. 3 is a
schematic diagram illustrating a side view of a more detailed version of

v@%el{%%mpggry preferred embodiment illustrated in Fig. 2, p@(ﬂﬂﬂﬁﬁé’meoms

showing an 25 exemplary specific preferred embodiment of the device,
being ion beam unit 100, including ion beam directing and multi-deflecting
assembly 120, for twice deflecting arffbn beam 10, and showing an
paxiera plpplyspaaificepreferved emnbpdimentabtheAncrcpidoy inagingahgpe of
n‘r}rﬁi_lgion gﬁteargtxic 0 lénitlf?)? ’ Iii%.gz‘}ﬂi@ a schematic diagram illustrating a side
View of the direc egpr%uftl-ae étted 30 ion beam milling of a work piece,
and, dégedeiifingthtidisoivttoltag esaiind e rebttha| Dt drvertion. B disgd for

porfRRt gty ahew g (@rt@ﬁ%ﬁ%@ﬂﬁhiﬁ@w@mmm@é,eogat@il@aiiveiy, for

component level version of the device, heing ion beam unit 100, incl,udlng
DSBS BB GO G TEN B DSl fing Ry dinely- for a
bmudtiimfgﬂemﬂ r@lmsgmbig/immmmur_ed‘ mqmmiat@ iﬂpitdnvtmam unit 190, of
t ﬁg?e%téﬂgiﬁ‘\ﬁ‘eh?i%&e%@n%_ :i&ﬂk}%& %}‘é‘?c!@“s?%%‘i%sdﬁsﬁ{éﬁt'g&%@? as argon, of

erent exemplary specific preferred embodiments of the method for
airentedlivroniudidetctonssdacn hemm bR h widirediaseo! mplemratagom ol the

dbacspagific, lipearon Ileional spatatddirgelianah aientationdled particle supply
configur; tionaILmodes or manners, and ccordﬁ&? to the Sé) cifiﬁ, i i
8 ohti bt e A IS R o PRI PR S B HYATe ia ¢ sallium.

InuftiiatiBflectingrand gieclingugprovid@dion heamgis), smieseinrgirecteslenon, for
multi-deflected.ion. c..is. diracte S inci .
B A DA e B o RRIPRRIEE PR e
thpgely, isnpeneral o apieané et milindativélged SueHBiHy tee beveaibamgf the
R Beam unit 100, shown in Figs. 3 and 4, wherein ion beam unit 100
includes ion beam, directing and multi-deflecting assem 0, .
oS TS LR VBl 8sn o RN P g various
6i_ff¢vwntim5ég§. B;r&:mnqb_lé, thee dmilcsz_;tb&ir@imnlﬁga_ﬂﬂ u'mi_a Hopemdton (BIB)
%}ﬁg %@gﬁ%g}ﬁds%ﬂ?c%tggs&%@? 8%1'5@141%99:8% aWOrkiplgee ’t%{l&d&ﬁﬁ? Hpe of ion

owing main components‘and functionalifies thereof: an ion beam

BeRCEHSS EMBRPIY OV R BreRAblifg el e DARS 9 GuRmY Hi isrib@gFeas, such
giractind.arshpulti-deflecting assembly 120, for directing and at least

it(‘gvrfe deflegting proyided.ionoeam I fordorming directed Mull-getiectel. cea
multi-deflected ion- beam milling of a work piece, itlustrated in Figs. 2, 3, and 4,
particularly showing an exemplary specific preferred embodiment of each of the ion beam
first deflecting assembly 122 and the ion beam second deflecting assembly 124, included in
ion beam directing and multi-deflecting assembly 120 of ion beam unit 100, structured and

functional for frwice deflecting an ion beam 16.

With reference to Figs. 2, 3, 4, and 5, ion beam directing and multi-deflecting

‘assembly 120 is for directing and at least twice deflecting provided ion beam 190, for

forming directed multi-deflected ion beam 26a or 20b (in Figs. 2 and 3; 20 in Figs. 4 and
5), wherein directed multi-deflected ion beam 20a or 20b (in Figs, 2 and 3; 20 in Figs. 4
and 5} 1s directed towards, incident and impinges upon, and mills, a surface of the work
piece.

fon beam directing and multi-deflecting assembly 126 includes the following main

components and functionalities thereof: an ion beam first deflecting assembly 122, for
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beam 20a or 20b (in Figs. 2 and 3; and in Fig. 4, generally indicated as

20) wherein 20 directed multi-deflected ion beam 20a or 20b (in Figs. 2

and 3; 20 in Fig. 4) is directed towards, incident and impinges upon, and
wiillsoaeswiace of the work piece. As stated, ion beam soureerassamblyo1s
110 is for providing an ion beam 10. In general, ion beam source

assembly 110 generates ion beam 10 py ionizing a non-ionized particle
supply, for example, which is supplieélto lon beam source assembly 110,
diftegting e pleschyzarmoridishioe dbpartitie for Sprpiagse MEssicr onqe dpslseted ion
AN IQNIZ6h BATHGI9: SUBPE3RSEIRDIM Lhd i) cltaekSRRARISTQRbHAT deflecting

integral to, ion beam source assembly 110. Preferably, non-ionized .
asxrmiels Bty delastigpoc Ssectinp dteted Smeealid et AR BRpLbhhetisd (n
1. DN basFsourag sssenbinitt0, dreasample dfahalionibdaig263 antb (in
4. In.general, the.non-ionjzed particle supply is essent e :
e o T S AR B S SRR B MR on

iemiz @k foridiisivdpab|@ ofd hihi Feswbrrd B cesmréiiably, the
non-iofizegkRArticlerskpPiSRelasiRg [QMLhe 1 910N GRRISISINGOR> Jass of,

and a liquid metal. An exemplary gas type of non-ionjzed F¥VO ) .

SE7bls ST A DO FE RO YL OB GH BB A FrerbgEin SoRth P

S SAEgabstaicEnes oAdl@xeiys|ary digurad éia btypedofrnonedsipadiparticience.
ply is liquid gallium. The device, thatds, jon,beam. uni of t

TR e oot B R MR st R BT Wy 122

millider of e vork piseeofo prefecablativriymesrical yereoitining 4ltstngaticiptntes or

beam k! Blviee.af-Silngetinaiueramessi dnrardingls et 3ihiead i98trodes

beam (BIB) type of implementation of the device, that js, ion beam unit b
128 3RdtA SRR BAY | Rt BRSIBAR S FISSTRMRIS R 1 aigdes 122,
ShSrI S aLfoMe Oflexenamtid ikiaatireti dosdefoau segdoncd eama(bdBgration
g:illing type of implementation of the device, that is, ion beam unit 100, of
1sfante., . . . . . . . .
e present invention, the non-ionized particle supply 10 is a liquid metal
type ofimdpridwizedipdrdefteatinmrssimbhrtictAarcawupdigafivsctptfe appses or

RRRAONIZEHPATIBIS SURPY dit2isARINARGAS SUGRASSHELD Al X8O, pair of
for OE){reventlngg eneration of artifacts on or W|th!£

. or mlnimizingh‘g #‘i?e + desionated
SltEE B HETSREERItHerdbyS MRIGANY tha Yl Pt e o ene
sipdiacecifuingetiel ipsveanpphilliog ofdhplewbkuplete rddpdatigetyeralpimticularly
"lﬂ»&%aim Pt %Oo’ﬂﬁﬁn%?% r%&HlE)CS@?o%e'@EQJ% ]ﬂrgt(:@él]’lpﬁigé VEUGHRY 122, the
§ erentntyp%s. For'exa p%, lon beam source assembly 110 is a
duasigstnafrs {BIBYe supplied to first pair of electrostatic plates or electrodes 122a by
power supply Py, and to second pair of electrostatic plates or electrodes 122b by power
supply P;, determines the extent of spatial (linear and rotational) deflection of provided ion
beam 16, in general, and preferably, a directed focused ton beam 14, relative to
longitudinal axis 40, for forming directed once deflected ion beam 16a or 16b (in Fig. 3; 16
inFigs.4and 5).

An important objective of operating ion beam first deflecting assembly 122, is to
optimally spatially (linearly or/and rotationally) and temporally (continuously ot/and
discontinuously) deflect and direct provided ion beam 10, in general, and, preferably,
directed focused ion beam 14, into the inter-electrode space of ion beam second deflecting
assembly 124. '

With reference to Fig. 4, ion beam first deflecting assembly 122 deflects provided

ion beam 10, in general, and preferably, directed focused ion beam 14, relative to
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type of ion beam source assembly, or alternatively, is an electron impact
(BIB) type of ion beam source assembly, wherein each, non-ionized
particle supply 112 is an inert gas, such as argon, or xenon. 20 Fig. 5is a

agram illustrating a perspective view of the dir ctgj
&%]ﬁeo%%%ic ed ion beam milling of a work piece, |Ilustratedeﬁl m%@"m
and 4, particularly showing an exemplary specific preferred embodiment
of each of the ion beam first deflectirftf assembly 122 and the ion beam

15@@@%65&6@&@ amn@maa%én@umdaﬂgiwmbaam@iée@tiagﬁ%n herein,
ulti- th er ssem of |on be unit v{l?ooé réjc(fet;ﬁrf ﬁ‘? 14
FuRictionat twm%‘ag mg iy rere T Cs WRlgen Seyn

eatqndsaqmtbéamMettngx dnﬂamiﬂtd@ledimgnéssém iy beOrdifer deflecting

Aisstina 2nd alisast dvics dalading ppyideddandsafe 10, for forming
directed multi-deflected ion beam 20a or 20b |n Fl%s 2 and 3; 20 in Figs

4 and IB§eUFRrédR B??Ebféﬁoﬁﬁﬁﬁflféﬂéét%%ﬁ AR PR 260 ¢ wgfen saner

0B, 2N 5&@5}&}18&1lﬁnﬂcﬁ):d)‘il&ﬂﬁ&@é@niyt@wﬂéﬁcdn&hded%aﬂdalBﬁRif‘@ﬂ'@t;caﬂy
A gon and géplls e% shg:gtac%lfth work |etce IonW %%I;g reee in at%i tat
fdupeffec g assem[ﬂy mceiué’es fiie r(f %’wmg main comp%S it s o

éﬁmrﬁsﬂnea@rmﬁmthémommrb&mﬂ)ﬁ retraefietting: assaviblnib séparation
R0 061'592 %Q%ﬂ%CWf%ZMQIQQQ%BF@ deflggting 1@9%9&@%&8:1(1 deflecting

provided ion beam 10, for forming a directed once deflected ion beam
BN ABAAERS e 21 6% i gwos RSy A AT F oAt salgnepsitioned and

quéﬁﬁhlmlgoﬁsﬂfpﬁﬂalw]sﬁépef&r&eﬂﬁﬁ@ﬁ&@@ﬁ&t@%ﬁ%%@%@@l@mw that is, a
deflected | |opJl eam %g? ’?q(5 31 16 in F ndi@l Ogr formlng d
adirected twice defl |onaf5]eanl1} 5 Iy 26b f: %nf:a PI 3Y2d e
fliguodtaind Bitrespedtveticheiddaa typb @i&dmtedymulﬁnd@ﬂbcte@bmmcd and
barm-Afa ar 2B 98agaNg: 3 &ng&x@ﬂ%le‘k@&%éé FeROSGIVGY e 124b,

general, ion beam first deflecting assembly 122 includes a set of two pairs
Pe’t?féf@?a%?ﬁ“%%‘ﬂﬁ]%‘ﬁfﬁ%ﬂyﬁ‘b?fé’t’ﬂéﬁ%%f%?@%%@fia‘ﬁ}é pshesBreltiydes,
whereim aacbe@al Kedhiel eiaﬁm&gaagsalaigﬁlaneaaﬂemeﬁ@t@tﬁqaaf@tﬁd:lerode

Qtre -deter ara |on di st Q For xamplf; with refe[enc ?
% HINer ec r0§E [%l c%r dﬁz 1 eﬁf ety s tic plate or electrode
-4and 5, 10n first'de c |ng as&em I iRCIUde set of

Mé‘pawgumhme*ﬁe&ablyog%ﬁmemdaﬂybposmmtedlecmmnb/rmwscmd power
SipEIL0d6S Hhabis, PinslaPa]r afaummalicallyResiianeh IRCTOSIRNG  During
plates or electrodes 122a, and a second pair of symmetrically positioned

8@&%&&&{&1%%%Isgq:geﬁdﬁ@gci%bassembly 124, the magnitude of the voltage

supplied to inner electrostatic plate or electrode 124a by power supply P3, and to outer
electrostatic plate or electrode 124b by power supply Py, determines the extent of spatial
{linear and rotational) deflection of directed once deflected ion beam 16z or 16b (in Fig. 3;
16 in Figs. 4 and 5), relative to longitudinal axis 490, for forming directed twice deflected
ion beam 20a or 20b (in Figs. 2 and 3; 20 in Figs. 4 and 5), respectively, being a type of
directed muiti-deflected ion beam 20a or 20b (in Figs. 2 and 3; 20 in Figs. 4 and 3),
respectively.

An important objective of operating ion beam second deflecting assembly 124, is to
optimally spatially (linearly or/and rotationally) and temporally (continuously or/and
discontinuously) deflect and direct directed once deflected ion beam 16a or £6b (in Fig. 3;
16 in Figs. 4 and 5), in the form of directed twice deflected ion beam 26a or 20b (in Figs. 2
and 3; 20 in Figs. 4 and 5), respectively, being multi-deflected ion beam 202 or 20b,

respectively, such that directed twice deflected ion beam 20a or 20b, being directed
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wherein each pair, the electrostatic plates or electrodes are separated by

a separation 15 distance. In ion beam first deflecting assembly 122, each
pair of electrostatic plates or electrodes, that is, first pair of electrostatic
flatrsanrplactrodes 122a, and second pair of electrostatic platgB98s/c00913
electrodes 122b, is supplied with a voltage provided by a designated
operatively connected power supply, E%r example, Pl and P2, respectively,

as particularly 20 shown in Fig. 4. During operation of ion beam first
Helledefingtad sentisiym 202 oh 30 anditerted 66 wrsdsoltsljis s apg e tegfis pon, and
A, qfsg{e&q%t@gqmg[@tg§@r electrodes 122a by power supply P, and to
secon%éa felectro tatlc lates or electrodes 122b by E wer su

P2,d 8%6%% @nt oPEp%HT WhrR T Eta AN dertdd ?d“ec‘ed
@fmmﬂ@ﬁ ibedrrd0l6n @Mﬂmtpandghmlﬁﬁbimadﬂ;rmdxﬁgcused in¢idence

a&% m,i %) relative-t 8&%&9@9{ LEQF X'S £ fo%fcﬁ ming sqf{ﬁ% dAF CSork piece,

ect |on eam 16a or'16 s 4 an

hprshaditsisidmies orBperding h@%éamorr%melfwu ﬁg@@gfemw@z:ctsd ion
s@a@maﬂyeﬁpa&@&twa@aﬁwgy@s@m&%nﬁJMe%%@mﬁmgé%pon and mills,

ontlnuou or/and discontinuously) deflect and direct provided ion

ESH i‘t? BREIN PSS, prtPabi b ehiEERet AR S AN8IF BE AT dence O of

&nta:tchﬁmterdefmmdersbme 8faion immnageﬁmdtdeﬂﬁﬁﬂr@ﬂas&emhlyeam 20a
Wi C | eam firs efI ctin assem

[g:tgéf)prow deg ll%ll‘%l?begﬁn [}oﬂgﬂulamaWams Eg r?a g?er Iur tht% work piece

In genera a IfECt

f&d{ﬁ@fééﬁ?&h Bearmneg pfé:affmzrt@wg %m/elzqumlm@@@w@@@gwmeen

dniengindinabexis 40, according to a deflection angle, or an angle of
deflection, herein,_referred to as OD. This is partlculag shown in Fig. 4,

where Sirdawd &gl fon ©8arfiol Aouseradsdeytrdi ﬂ‘%ﬁéﬁdﬁ?g“?@"a“ inner
eebiestion anaie.Qrcantais, donheam fisbdetieating.Assemily 5428k o,

the form of a directed once deflected ion beam 16. 5 In general, ion beam
580 wamrseents Rluhpiensleipdhries %%ieﬁfm%l%aﬁ%ﬁf& pife Qg flectrode
ozdbRSymiseaiticalydodicanceniiatily ppsivanadiand mphaﬁﬁquiyc@r

elllptlca\M hsh%ggdcgrthpflsc]%ed glgctrostatg: Qn?tes Ofﬂ(alectrog hereln

the electrostatlc aates or>slécirodes are uni orm Ytircumte en'tlaci ”}g and
Supadndertneapeablotdthinsdesdharbiter @mm@eﬁrp@n bsamPleusivighessembly

relerenasdaifigd @Rdimg g bramiseeend deflRctingto) aasaﬁmt@a éo%ésed ion

mcludes a set ofttwo symmetrlcally and concentrically posmone and
beam 14. With referenceé to Fig. 4, ion beam focusing assembly 126 includes the main

components: a first electrostatic lens 132, a second electrostatic lens 134, and an aperture
136.

First electrostatic lens 132 is for preliminary focusing of ion beam 10 provided by
lon beam source assembly 110. First electrostatic lens 132 is supplied with a voltage
provided by a designated operatively connected power supply, for example, Ps, as
particularly shown in Fig, 4.

Second electrostatic fens 134 is for further focusing, and directing, of ion beam 10
provided by ion beam source assembly 118, to the inter-electrode space between first pair
of electrostatic plates or electrodes 122a and second pair of electrostatic plates or
electrodes 122b of ion beam first deflecting assembly 122. Second electrostatic lens 134 is

supplied with a voltage provided by a designated operatively connected power supply, for
example, P, as particularly shown in Fig, 4.
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spherically or elliptically shaped or configured electrostatic plates or
electrodes, that is, a inner symmetrically positioned and spherically or
elliptically shaped or configured electrostatic plate or electrodes 124a,

WwH9aigr symmetrically positioned and spherically or glitigallds oen013
shaped or configured electrostatic plate or electrode 124b, 15 wherein the
electrostatic plates or electrodes are separated by a separation distance.

In ion beam second deflecting asserﬁgly 124, each electrostatic plate or
electrbpietuth i éssifmdinglinstoskaticepiea dher dtaraioidd Tafgamnt) poesided by

;IBEIRSIAlG Rlate, of slggtrode 124b, is supplied with a voltage provided
by a designated operatively connected power supply, for example, P3
and PYithegirensene ddartictitdrid shoifR 199, P55 %h BykidsRctng
a8Eigfhbeamosacarstdrilectingiasse il idduihe magnitydezef tpeivoaliagand
S ied to inner electrostatic plate or electrode 124a by power supply P3..
péend}gt{%%dufsero%ﬁreaé Fglsyma%%n%?gcigotroéIgétrkglg&eﬁ% ?B?/esboxvvz}osnu éﬁ?{/g Pﬁé,f%dmg
suletesonihbs 12& dxtetruflstdpmtatvilpbdermbdantdlomatheidifeetion of and along

1SiERciaehPAGE Apflectad iR .Deam, 168 a5 AR MINEIg i A WukiaS: AaRd10 is
5), relative to longitudinal axis 40, for forming directed twice deflected 25
maikigissrrovdebabAopaiealydh 4050308 HGE S YREBYarEspectively,
beingWityperefdirast@tkmultie e giethiobdasnmi? QM@0 hdam Rigsctig and
a :.20.in Figs. ),._respectively. An important objective of
R e B R R R R AR o sy
1S9afial (o tag g dredting e haty) Hheresdpbbal e deatnioos psembly 110,
BOgissontintously).defleqt;and.direet directed once deflected ion beam

16a or 16b (in Fig. 3; 16 in Figs. 4 and 5), in the form of directed twice .
deflectétihiaritsengs sohist Joandntrigsios biierausb Hbigs. heamdyeting and

rrspaetivalyg beisgvnuliielgitetiat jo fuphanilaiar 20in tespectively,chamber
such.that directed twice deflected ion beam.20a or 20b ing directed .

T B o BT g o aries, b S BRA0 ChERIEG L, and
DeRoHs.iotiecledrowardddnidentdhéenpitgessispany ddd. rafils fer allowing

suifacaRE e WRKRISES IR FESEISNs81R K8 180 RANENRSRER Dnnected to
deflecting assembly 124 deflects directed once deflected ion beam 16

YATAHTEC BT RRREIYEAE 9hP XARBTEiHG b R ATERI B CBC S B s 280 ghsystem
aglefatipcidentediereinbdeferrdact teasid witn alsufaed 08 the work
piece, hegeilrg directed %\{gic €§9J£c§d ilon beam 20a or 20b, be

am

i .
! ! { ; e ol9the. dircoted
directedmilti-défiected ion J0a or é‘b%,ar s%q ctiven ,Vllgvgilroecte% 1reee

toviddidicirieddemt daehimpiigesdporiverd prifle, illustrated in Figs. 2, 3, and 4,
particularly showing an exemplary specific preferred embodiment of each of the ion beam
first defiecting assembly 122 and the ion beam second deflecting assembly 124, included in
ion beam directing and muiti~deﬁecting assembly 126 of ion beam unit 100, structured and
functional for fwice deflecting an ion beam 19.

_ Figs. 6a - 6e are schematic diagrams together illustrating a perspective view of a
rotational (angular) sequence of an ion beam directed and multi-deflected, relative to
arbitrarily assigned longitudinal axis 48 coaxial with the work piece, by first ion beam
deflecting assembly 122 and second ion beam deflecting assembly 124a and 124b,
corresponding to a directed twice deflected ion beam type of directed multi-deflected ion
beam 20 which rotates in a range of between 0° and 360° around longitudinal axis 40, and

is directed towards, incident and impinges upon, and mills, a surface of the work piece.
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the surface of the work piece. The maximum incidence angle or angle of
incidence, 01, of directed twice deflected ion beam 20a or 20h, being
directed multi-deflected ion beam 20a 10 or 20b, respectively, relative to
poatiuginakaxis 40 and upon a surface of the work piece iy Fgfesadiveds

a range of between about 0 and about 90, and more preferably, between
about 0 and about 30. As shown in Fig 4, ao: (90 - Op) corresponds to

the half-angle at the apex of inner elecitrostatic plate or electrode 124a of

ion b FelcorshsatictitigeaisdHisiyating 2 ppitecstiva slqgpupo/igw of a directed
HOTERPRACS tonthehaltn(gie atlir AREXPI R ARt ATASIRG BIAE Riwards,

_elegtrode 124b of ion beam second detlecting gss mbly 124, which faces

SIS AR SR PR BHE B RSy 2. Syriacs 4T 1B BREAT GRieIBEigY Work
Iﬁe:amadgjeaeti_mg ahgperh mﬁmgthmtiﬂ@aspanﬂmmlﬁ@hqwéfgrmtdgiyéng_éhﬁr;tries and
dnGGRRAT 100 PeAMm oG e 3eRta b QLM GHAN IR ANEE e maic

rovided ion beam 10, for forming a directed focused ion 20 beam 14.

MIRFE R HEIHEEN S0 AR SPECTOYE I5Em Wb digsinefl asdisseistl il -Heélaeted igrebeam 20
(Bl LIRNPANNS? AfirslaleatiastialisrRng 180 SeFANcheRRIRSIAliSHe upon,
Ien?ﬁ‘:}lﬁ& and ;%%%p?rture 136. First electros}atic lens 132 is for, -
Pty BEHSTHE & T6FBRAREIY PRovitRel sy Yo wash Gopieal sample of a
ssembfy sdfideirdt@becirdstaticdapsBRis suppltédonjtith ¥y altage i2beld by a

j ' d v npe : upply, fo .
B Ty ol ML bt D it
o/ BT apiatie ELPBH e aretany o bioarPpearf 1o Proliesurfgdonand the
Reanpiseurapagsambly d 19 die thedpiehelaciipdasrasabeiweenistipaiticd)

of electrostatic, plates.or electrqdes 122a and second pair of electrostatic
gﬁa%%éf%'f‘%fo SRiFaNdS RS TorR dotinen et Henaes A SEnTHROps nd about

Ftondcelect(dstaticrens )] 3hds nsupphettwitly, aivcltage pradvidedeby about 200

| LARGrAlNELY; supply, for example, P6, as
%‘%ﬁt&%ﬁ%ﬁﬁ gﬁ‘gw?réq{ﬂégggg \?\f/:é)8 g%?(‘)?é%r;l%S PCT/1L20051000913 44

Apertu¥é 186 is feiemattndiasrsastiiesimiitge didmeatar of jondsedptpded version of
povideddntyiondrean sewsseimeseMilyradd. WithgeterenaR igfidsndwing an
and 41 in ion g[eam ire%i%zgagd multi-cgeflectlgfg assembly, 120 of |0{1 )

ea GHitA0, Iohbas St UL SRTIRP eIt g the ion beam
prefenab hndisnopedaflveing asmeatiad @9, dorfubtier doittaties anidarbbearnd, and an

g%lﬁﬁﬁp)g specific preferred embodiment of the work piece imaging and milling detection

~unit 300.

The above illustrative description of the different exemplary specific preferred
embodiments of the method for directed multi-deflected ion beam milling of a work piece,
according to the specific linear or rotatiopal spatial (directional, orientational,
configurational) modes or manners, and according to the specific continuous or
discontinuous temporal (timing) modes or manners, of multi-deflecting and directing
provided ion beam 10, wherein directed muiti-deflected ion beam 20a, 20b, or 20¢, is
directed towards, incident and impinges upon, and mills, a surface of the work piece, as
shown in Fig. 2, is generally applicable for illustratively describing the device, being ion
beam unit 104, shown in Fig. 8, wherein ion beam unit 106 includes ion beam directing
and multi-deflecting assembly 120, specifically for thrice deflecting provided ion beam 10,

Fig. 9 is a schematic diagram illustrating a side view of the directed multi-deflected

ion beam milling of a work piece, and, determining and controlling extent thereof,
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sub-assembly 128, for deflecting provided ion beam 10 in the direction of,
and along longitudinal axis 40 [i.e., the x-axis (in z = 0 domain)], such that
provided ion beam 10 is maintained coaxial with longitudinal axis 40 to a
vm%(}%glr%g of accuracy. With reference to Figs. 3 and 4, iadeniheamsemnt
-100, ion beam directing and 10 multi-deflecting assembly 120, preferably,
further includes an ion beam extractor assembly 130, for extracting and
directing ion beam 10 provided by ioffeam source assembly 110, for
iifermaing @ directeduekitaptedodmyeshomi g Witrprefisetiooe! toidRigic8 ahd more
adlyRR BEATLROLE 100 oneRrbr ket Anh, WilUdelIaRing ASSRERN beam
130" prefTe‘Pany, further includes an ion beam vacuum chamber 15 X
dmessinp iyl 186 tifdelinstismepiratladabsiucurse ined npigualdoniiee deflecting
25RRRREHE, and elements, of ion beam directing and multi-deflecting
assembly 120., and for allowing maintenance of a vaguum envir ent of
on b N0 WRBR Sp AT E5TREMCA (5 aciim Chambep vl
nagseteiiviall Goof hewacuuitlingnief in pesticutznce, adlusitatethii Rd0esf dysterand 9,

pg,gz as further desgribed hereigbelaw Wi referanientia: s 32¢RndFbcam
?éllg. 5 is a schematic diagram illustrating a perspective view of the

FubiedaBertimuRigeTrie bt dheoeRbermIEeat AR PR TiRIS b R the ton

i iR andidapartistamyy shaeing.andaxernplary specifieprefdiretng and
embaodiment of each of the ian, beam first deflecting assembly 122 a

TS R A ﬁ?&%ydé%}éc ?n%’ QL PR fﬁk :Erég’usdﬁéucf t|!|3ﬁm|5(’3n diélrrﬁ&%nal for
iectiafeand: muitindetlecting assembly 120 of ion beam unit 100,

Structtj{g&%?%a%é clional fartwicg defiealing anieshramobQriaigw0Re for
- 6e are schematic diagrams together illustrating a perspective view of a
¢bmtﬁ$nahk&ﬁgﬂﬁ&#§%é&@%ﬂb‘%&‘% RPN RIFSBReER MRt Brduay of 2

delativetogiarhitneriv @ssignaddongitvaiogliaxiseh coavidinyitihdfelwoikg main
piece, by first ion beam deflecting assembly 122 and second ion beal ;

CRARRAMY a8y §’“f2ﬁ‘é“5%d%f§%‘§ 35 ég?reé%% |ﬁ83't%1§1 aﬂé)c;[%u {vg{%c?ee?tmg
sietiebleditonbeamtype vfidisesteet driltcded dotaudviedéembemwiaicprming a
cri(larte%gﬁ 0 ﬁ%@ﬂ&:&%%ﬂ’vﬁe@tﬂlp @@aﬁ@%@%{ﬁ%m‘gﬂ%@m@' axisAQialfecting

IS directed towards, incident and impinges upon, and mills, a surface of . b
fSE MRk ipfdede s WO 0 DB g5 9cRe g SH5EI0 S A e Filigipoting the
sehamaticdisgranTiluskatind.adpecspective cloiserdpiviebeaha didenteidn beam®
multi-deflected ion be 0 (twice deflected) or. 22 (thrice defl .
O AR R e T e e s e B SR Hefigted fon
fiksinty e 6franingxediekdaey waock deflected ion beam being a type of the multi-deflected

ion beam.

Another main aspect of the present invention is provision of a system for directed
multi-deflected ion beam milling of & work piece, including the following main
componenis: an ion beam unit, wherein the ion beam unit includes an ion beam source
assembly, for providing an ion beam, and an ion beam directing and multi-deflecting
assembly, for directing and at least twice deflecting the provided ion beam, for forming a
directed multi-deflected ion beam, wherein the -directed multi-deflected ion beam is
directed towards, incident and impinges upon, and mills, a surface of the work piece; and a
vacuum unit, operatively connected to the ion beam unit, for providing and maintaining a
vacuum environment for the ion beam unit and the work piece.

Preferably, the vacuum unit includes the work piece. More specifically, preferably,

the work piece is included inside the vacuum chamber assembly of the vacuum unit, in a
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piece (a generally shaped rectangular slab), particularly showing relative
geometries and 5 dimensions of ion beam 20 or 22, the surface, and the
work piece. Fig. 7b is a schematic diagram illustrating a perspective
wlosedseaw of a directed multi-deflected ion beam 20 (twace/ciefietteds
or 22 (thrice deflected) directed towards, incident and impinging upon,

and milling, a surface of a second typg, of an exemplary work piece (a
typical sample of a portion of a semicanductor wafer ot chip, wherein the

SRR (SileLMEN) i SHERIRYISP1 OtshiblB WA FRIFERT Roris X H e In @
r&ioilasitocthdbillaatatedatvEig. th, piasdied lanyt shiwirg iedalteen, and relative to
eometries and dimensions of ion beam 20.or 22 f and the ..
TR aE e R s ek 3 e B B pom o
tiiwicekdefiecied wok 28e¢threeipidfidated) PoprepEIPitin a range of
betwegnaRgHL 30-MiienS BARABRULROWUECFRRS 421 plbmatetskANtilities,

more preferably, in a'range of between about 200 15 microns and about .

ORGEY YRR rGPRIEE il HET) 198 P HUEHEhific Bfag AT uLi ARy £roviding

gideddrw of anheratliptaiestaersiongf ot ehexpm ptary préferéche vacuum unit.
mbodiment illustrated jp Fig. 2, particularly showin exemplary .

G LR B A R b AP AR AR st

@eanmai'gmbn@mingﬁ:@eﬁ@dﬁ mipesseniihe 100, wiHheidetersftactniy anvork

lenbeamt0apd a3 QiipRlay speciciBraich aghemnbadinent RhibRe unit,

work piece imaging and milling detection unit 300. The above illustrative
#se ARIB PSP ANASAE HE X BTBTHF A rittionalat R s ORRSUTRRL fitgrseed to
thevnatheddnr dikgatadymidtedefiesiechinnpbeass tilling ofl@avarkipageratively
according to the specific linear or rotational spatial (direction
BT e TRt A oS e O Sl

rogess control
accor rPg (0] ﬁ'le

spesificadditimabustoin discontinopust terhporal (@i ng)mticdies deam unit and the
anners,;pf multi-deflecting and directing provided ion beam 10, wherein
directed multi-deflected ion beam 20a, 20b, or 20c, is directed towards,
inciderft&nbl iif Sk dissrrradtiatneng S sEBRbh R Gk DR digent of the
SHOWR Nekig, dedsrBign eraiicdpplisaiiadariiystndiveldesdribiafethel ion beam
deyice, hein C}gn.so bean?l.uni %Orgaiﬁhc%wngn E{C? .Shgga%edgiéo%q%am eviously
it 1BGACIGER 6R beam ¢ recting and multe é]‘f’ectmg assembly ifb
shetifitathy fhrsthilicd leeflodting prob idueiwmbeand 000, Pririeblg.ayacuum unit 200

sehsmetiadiagrRm;llistraing o sdevigwpfihe) digetedinuliraetiedating a
ion beam milling of a work piece, and, determining and control mg& extent
L1

PEPBEHL W O D0 BB 15 Ped Ity fherge’s for dirccted multi-defiected ion

beam milling of a work piece, illustrated in Fig. 11. Fig. 13 is an (isometric) schematic
diagram iltustrating a top view of system 70 il!gstrated in Figs. 11 and 12.

In system 70 shown in Figs. 11, 12, and 13, ion beam unit 100, as previously
itlustratively described hereinabove, with reference to Figs. 2 - 10, includes ion beam
source assembly 110, for providing ion beam 10, and ion beam directihg and
multi-deflecting assembly 120, for directing and at least twice deflecting provided ion
beam 10, for forming a directed multi-deflected ion beam 20, wherein directed
multi-deflected ion beam 20 is directed towards, incident and impinges upon, and mills, a
surface of the work piece. Vacuum unit 200 is operatively connected to ion beam unit 100
for providing and maintaining a vacuum environment for ion beam unit 160 and the work
.plece. Preferably, as shown in Figs. 11, 12, and 13, system 70 further includes electronics

and process control utilities 800, operatively connected (for example, in Fig. 11, indicated
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illustrated in Figs. 2 and 8, particularly showing a cross-sectional side view
of a more detailed component level version of the ion beam unit 100,
including the ion beam directing and multi-deflecting assembly 120,
vl ueiisedand functional for twice deflecting an ion beam 8+ /& kigs/dfdoiss
a schematic diagram illustrating a perspective view of the directed
multi-deflected ion beam milling of a work piece, illustrated in Figs. 2, 8,
and 9, particularly showing an exemﬁﬁary specific preferred embodiment
bpfleabhizs Hépisnilfernastifissoprafidvtingrassepntty Taboie i B8Gand vacuum
uiRSA0Y el NG ARRErOP Y024, ARG RS iaN 268 a8: HrdARferingaics to, and

assembly 140, included in the ion beam directing and 10 multi-deflecting
enalliih B PP BrREAbACBEART UM 188 28t etiHR S Wnctional for
thricegigfieeating.an jpefhesiy). shatoth e Mmaileaspaatiaf theptesenidditional unit
sipveniinn s a.sub.comeination.of the,device lor drasied il dellesied oo,
ion Bearm milifg of a wor &ece, whereby there |sgprows_|on of a” device
sfowatikeptedt rmatiniddiengingd provideigdontiie 8D, ireludtitiy Bretfolowihbos, 2
cmﬁgz&a'eﬁtq pRDERisaRdfunstionalitiesherselcanigndaeam desINGein each
an

multi-deflecting .assembly, for directing and at least twice deflecting

affitionstibRit OARSEENFLY PRIITRIRG 8 wireciR A Hisdtab ionctsstipiios and
preseipdiiioninaaysdiractingoanst il efleatiogd assentbdiididesisn for
ion heam,first deflecting assembly, for deflecting and ditecting, the, .
T o B 18T T B SRELH R AN Aty i o
arnsivde aneetgbedhdadianting dddbmp yadornefié@fiflg and directing

the dirgetechapre AefiRGiad IA0RRAP-JPQruaNgL A MERGISL WSS C exemplary
deflected ion beam being a type of the multi-deflected jon beam. Another
PRRATA e SRR IRRR D PELBRFYRTEMIGA il pPtRIb A% o SRstir B iredtesed ion
votii-pleilected iostlbgaea. milling of a work piece, including the following

.mam ?nSaCr%rr?— zon;teuril tsr:ngnr}lé?naf? gﬁom unthWQe{?glndéhﬁ,Iggv.tt:)r?iﬁﬂgﬁysnfl)tr components
includés‘an’ion beam sourcé asse%fy, 16t providing’an ion beam, and an
{berdodarh Givieotifg anedtirvaiti dedtenttn gniss serh bBerfoivellr connecteddate fixed or
lﬁ&ﬁié‘%&ﬁ@, gﬁﬂ@%&‘h@, B H?%Sisl@ﬁ‘l Qﬁﬁf&tf&%éﬁfm@@@ i@f%%ppropriately

multi-deflected ion beam, wherein the directed multi-deflected ion beam is
ERRSEREEETLIAREY SiSEIER M 5Pt RAB KRG & BRI SHAILS Sl Bt thgbereas
vtk piees) andia 30 vaspuientnithapefatively@onriecied thdke igsdoeamits or
unit, for praviding and, maintaini vacu nvir nt.for '
R R IR A L SR R0 T
work piecetatvtbreigpediientss iplafsrdlyl 2, and 13, in system 70, vacuum unit 206,

preferably including the work piece, is operatively connected to ion beam unit 10¢ for

providing and maintaining a vacuum environment for ion beam unit 100 and the work
piece. Vacuum unit 208 also functions as an overall structure or housing of ion beam unit
100 and of the work piece, as well as of optional additional units of system 76.

With respect to functionality énd operation of vacuum unt 286, vacuum unit 280
includes the following main.components: a vacuum chamber assembly 216, a work piece
inserting/removing assembly 220, a vacuum gauge assembly, a pre-pump assembly, a high
vacuum pump assembly, and a vacuum distribution ass'cmbly.

Vacuum chamber assembly 219, as particularly shown in Figs. 2, 3, 4, 8, and 9, in
relation to ion beam unit 108 and work piece imaging and milling detection unit 300, and
in Fig. 12, in relation to various system units, functions as the structure which provides the

vacuum environment for ion beam unit 16¢, and components thercof, and the vatious
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the work piece is included inside the vacuum chamber assembly of the
vacuum unit, in a WO 20061021958 PCT/1L2005/000913 47 stationary
(static or fixed) configuration, or in a movable configuration, as well as in a
wemauakiegonfiguration, relative to the directed multi-deflegteg jpndaaim;
and relative to the vacuum chamber assembly of the vacuum unit, for
example, by operative connection of ge work piece to a work piece
manipulating and positioning unit. 5 Preferably, the system further
pincibigesrsienatonidiiontl proke s orrenangmiadh ffvalytemniBctetjagum

cHAgip Q@é}%llﬂﬁtl@%@&éofﬁh&i‘éﬁ%b'%w&iﬁ rpRRUIAinG 1RIREHOBIC A e@Rtunit
enabllng process contro %gf the jon beam unit gnd the, va?uum unit,

SR ) TRRBPFEAEIER, A S AT RRHR R GREORPleddipRe! units, and
c&dﬁbfﬁmﬁ treiket|efigdidiombihEgretmpby Sistiagidy., dworkrpieizee is included

slaong. and miling Q?E?Q%?atlog'%f%%ﬁﬁ‘r(nl@nﬂ'f&& (RanipHiating (aea&'c or fixed)

posmonlng unit, an anti-vi unit, a component Imaging unit, and a
omifikysiee. amalgytﬁ:@wblwfé%weﬁ@h additidhag it |§C@19éia§tﬁ\/é1ylﬁguratlon

1ERANE ERA R B MBC B o R HRIRRAINY 2 10 6 R H RNESARIREAARS Sssembly
control utilities is also operatively connected to each additional unit, for

b otarAg i cpB AR 45T SraraEin GRS FBRES SRS 5t 08 KRBy Work
piaik amkAipuRing bappvsitivalyidnieigrd@ied with the ion beam unit and the 15
vacuu, Unit, (b5 8 RIBR AR [Siatne,an S emRIan R ElEHShen:
embo men?locflgﬁ’é system erein, genera y referred to as systeme% ?
efirosted ﬁ%ltwa@ﬂmte@mﬁbé‘ﬁﬁmwmg of epovatikobicrranietid dinipphieeam unit

m@'%&PEHF&%‘?%%M Q&ﬁ%hﬁ“h&i@%{ %§3R{I%V%U%Y é){l&{ﬁ%{ tivelk piece imaging
descrlbed hereinabove, and a vacuum unit 200. Preferably, vacuum unit

RN WO Picter krpor Manip it i ) SLiRsHRg it 400, ant-

disgamuitiyseatingrpoparspedlive wirwf sydtartadosndad gidonatanii unit
f for di ect d multi- ted ion beam. milling of a, work .piece

e Ry P B P R B B P BBy 20,

msﬁhatmguamogﬁvmw@aerﬁ’wm%mﬁbheﬁ@@t 1, ameem gauspsiesembly,
FR-30RWRIRHIS; klnldand E§m I9RRERMURHL0R,AS RIQVIOUSIY RARembly, of

|Ilustrat|vely described hereinahove, with reference to Figs. 2 - 10,

e8P B @aaffé*eaagéamgﬁ&f%n%&%ma.ﬂgﬂf&b%épﬁ% Uhgnd are
rdeay drnecing andasnuliictafdctingassembty 120, for dlrectlng and at

least tvwcekdeflecun# ngyldeg‘}%n at%ggm 10 éﬁng;ormm dlr

multi-deflected ion grWhetein ftlecyie Bctetl| he%%n in Fig.
20) isontmerethronabiing insddoet efrible mpuh@e@mpmm ymnhﬁl@;réver assembly 219,

and enabling removing of the work piece from vacuum chamber assembly 210, for
example, via work piece manipulating and positioning unit 400 (Fig. 15). A first specific
exemplary embodiment of work piece inserting/removing assembly 228 is in the form of a
sealed shutter or shutter-like element, which operates during the time of inserting the work
piece into vacuumn chamber assembly 210, or removing the work piece from vacuum’
chamber assembly 216. A second specific exemplary embodiment of work piece
inserting/removing assembly 220 is in the form of an air lock.

For an exemplary preferred embodiment of system 7¢ which includes work piece
manipulating and positioning unit 400, then, work piece inserting/removing assembly 220,
for example, in the form of an air lock, functions for preserving the vacuum environment
existing throughout vacuum chamber assembly 210 of vacuum unit 200, at the time of

inserting the work piece into vacuum chamber assembly 218, or removing the work piece
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30 surface of the work piece. Vacuum unit 200 is operatively connected to
ion beam unit 100 for providing and maintaining a vacuum environment
for ion beam unit 100 and the work piece. Preferably, as shown in Figs.
wd ndid3ds13, system 70 further includes electronics and RFegESHs 000013
control utilities 800, operatively connected (for example, in Fig, 11,
indicated WO 2006/021958 PCT/IL2005/000913 48 by the larger ellipse
intersecting operative connection of iBh beam unit 100 and vacuum  unit
fifB0y4ouion Pearhenritsd0diar?d $o viacwork pirite20anifaasiegididgrositioning unit
4B8ECHARICS Ro@NfoBOANINGRIRGRSH GO RhM R PR ANLAORRIDs main
vacuum unit 200. Optionally, and preferably, system 70 further includes at
CRERRIGAE: ASHARFA A SOSBRSEREVRR the group consisting of. a work

piecevwnagiuigaird milling detactiosh urits30diawmarkhpiceemnanigdasingdas the

and positioning pnit 400, an anti-vibration.unit.500, a..component imagin
o T O o o IR A BIHEAT S BT e« ork
pactditiodat aniniblpgafativelyeshing te dvolvasae fommivab@ieechekddlgssembly
BFECHRIGHAN BIARGRESGIFohHEiHESB0R I8AS0PREMUIMAI CORISEED: at

to each additional unit, for 10 providing electronics to, and enablin

g .
BreuBs SRR YR he AEHRbRAREIME, AR ARE WPERITGEIgnte work piece
HplegrateavtaioobeamisadidQ @ oinel vaou pecs i 0urR giare iglgr Hisembly

resent invention provides various alternative specifi lar .
oL I SRR RO RS RS SIS SBROE SHEI Bice o picce
manltivdisitectetdioposidaninmilingt okB0wotkepieder 18<rmalponStmmiting ¢ DOF

@L@P&%@%&B&WG&F;J%B 1A S Y[R I R ERMPONARS f work piece

hereof, of system 70 are directly mounted onto, and operatively |
RapRekting 130k Rdteai i ubile WbiE, SeahdobrrafET R & o EyKtaifice holder
SHERPN agsenblyQ0thdnchidibg appmpriatelyciconsiiiiedBLIRpOIm chamber
elemgpt§ 6e(g,s, bracketsfzaorad mobile elements, such as wheels, whereas
Sver s}em Jﬁftusmgr%%mpohents thereof are mounted onto those system
units dn@decompuerients tneredwhicihareotiestng ridvhidodnts $ysteming the
SURROE SRAIVBYLER- A talgrhneill RISieNe& 1REIRSy 1 1l A d3vihume

system 70, vacuum unit 200, preferably including the wark piece, is
BB EHFGUEERS S BEMELMELBOIdE BFoTRA i ER A PG e

afvapatsloT erviFarnerdfeidair beamaiilpGrandiibesyotkopiedeme of space of
Vacuum, unit 200 alsg functions as an averall structure ar. housing,of ion

B, A Ry o B b e e Wi o Sptonal Seonar e
uslits oftsgstemedoiswith tespractusduftstiondiycandnuple rstioraofonesiursr fully
WML 206, YRAHEBANVEADR or volume of space of a first chamber to a region or volume

of space of a second chamber, as well as for separating the region or volume of space of

the first chamber from the region or volume of space of the second chamber. Preferably,

the connecting valve functions and is structured for enabling fully automatic operation

~ during the joining or separating of the regions or volumes of spaces of the chamber of the

~ air lock assembly and vacuum chamber assembly 210. Such an automatic connecting

valve is either a pneumatic or electrical type of valve, Alternatively, the connecting valve
functions and is structured for enabling manual operation during the joining or separating
of the regions or volumes of spaces of the chamber of the air lock assembly and vacuum

chamber assembly 21¢. An exemplary tyﬁe of manual connecting valve is a type of valve

which is opened or closed via a manual handle,
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includes the following main components: a vacuum chamber assembly

210, a work piece inserting/removing assembly 220, a vacuum gauge
assembly, a pre-pump assembly, a high vacuum pump assembly, and a
weacsamdistribution assembly. 30 Vacuum chamber assenmiiyr /2000580913
particularly shown in Figs. 2, 3, 4, 8, and 9, in relation to.ion beam unit

100 and work piece imaging and millipg detection unit 300, and in Fig. 12,

in relation to various system ynits, functions as the structyre which .
providds e XRARRIAR BIFTEHHERRISIIEH tlam St 1B0YHRY dorhatshdnsie
stingileofpanphidnyanel SIMOoRRR6 RN SH8, P Bidit LEQBS /8RO ¥ cdthg/removing
Sassioapiional additipanlaunita. apd compeneait hriaels o SYFRD Giolger
Vacuum chamber assembly 210 al56 functions as an overall structuire or
reRsiIAg of ion beam unit 100, and components thereof, and the various
possiljig QREQRA I AMELtIRRA BRI Snaich CRMPARROERResaafingl YSIRABe the
For example, _refer%)ilé/, the work piece is included 5 inside vacuum

ns .
BRSPS AL SIVREY EhATEheE %&rﬁwya%ﬁ&ﬁ § YAHhm Stathetsting
wikifighe atienbardhibe riokalkl essanfityy ration tase\wefbas dormgeonattal) Ivading of

#Q rv]a]:tl)%l r%ic%ndntroe I\%%eﬁg%g iﬁgpc}grdasmé“ﬂﬁg'eé tgzduin 06 rEEthS ar(])gk piece from
relative to vacuum chamber assemit)f)r/l 10 of vacuum uhit 200, tor

wedknmpies byldparanndlycRiectiviverkiicwonkepipdating vorkpysidieaing unit 400,
TRaNRWatN@RdpesteNReIMIL 400n40 VaapiHBneRaMRes asretbivid 1uge

is the location of the overall vacuym environment of iys em 70. Vacuum

WFETHBEY SERRTHER, 91698 BhEvamvEN At el o o h &4 At M gauee
grehtivépcbnoptiohal e ditomsdrudithe fasystsnaséBnidy.example, work piece
imagi and, i}lllli.1 tection unit 300, work pie ma ip‘yala&in and

positi;1 % ing%qﬁ%] 40 %Zgi’tﬁl?/i {réa Er%%%tg %%{yég?n(%&ome] ré[hl mgg}lrrllg Rinit 630';6?mb1y
andot leapingneagiir plasbemeisareauAl014oro0to\eheutind chigambend down to

ARETPYTZAO DQUSER WO RIRRE RSN SHE AN ASREMRBABEE:s ARGelated
the vacuum gauge assembly. The other assemblies, that,is, vacuum

SRS S REIV B R, A TR0 M TR ST S oSt OR BiRr Rl With
vaeouum distibution assemblyresfunasstw uRiaR00, 1ar8 lagatechatwanieismber
differsntAQSIoNg 5?[%%9%5&&'%?@%8@@&%%%@ peratively connected

to vacuum chamber assembly 210. 2 K piece inserting/removing
assembly Doy yre AsEhiing assemplyHe s fhsriguting pRsdvetbfog ditferent pre-
QRBRINGINROEINGOT RO Rttt ARCWINLEhAMBEr AssaMBY S@atively
and enaplin removin%ﬁ%‘ the work piece from vacuum chamber assembly

59GRIF dRaripemy FRARSAE BrseR hantdu iy um potindhingdi i Apeine the
(EiGprab ) uiitfiref speeific’é of positive pressure. For example, purging the air lock

assembly of vacuum unit 200 at any time before, during, or after, loading of the work piece
onto work piece holder assembly 420, or unloading of the work piece from work piece
hoider assembly 428, via work piece manipulating and positioning unit 400.

With reference to Figs. 11, 12, 13, and 14, system 78, optionally, and preferably,
includes work piece imaging and milling detection unit 360, for imaging the work piece,
and determining and controlling the extent of ion beam milling of the work piece.
Preferably, work picce imaging and milling detecﬁon unit 380 is operatively connected to
vacuum chamber assembly 210 of vacuum unit 264,

Fig. 14 is an (isometric) schematic diagram illustrating a perspective view of an
exemplary specific preferred embodiment of the work piece imaging and milling detection

unit 308, and main components thereof, in relation to the ion beam unit 100, the work piece
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exemplary embodiment of work piece inserting/removing assembly 220 is
in the form of a 25 sealed shutter or shutter-like element, which operates
during the time of inserting the work piece into vacuum chamber
wassRERk410, or removing the work piece from vacuum gk@mbsis/eo0913
assembly 210. A second specific exemplary embodiment of work piece
inserting/removing assembly 220 is igbthe form of an air lock. For an
exemplary preferred embodiment of System 70 which includes work E)iece .
m@GipnRtipLatRpsfenpEsIRIAB. thitromane, TeFRp Rk 600, and all these 1n
rRaSHingEemRYingassemblyr3gQ.ofenenamaled in Fhe forrmafian air lock,

functions for preserving the vacuum environment e istin]glthroughout

vacudtBHAfBRIa ks ibl) 2 1EPF DAL HEZDD, S IHEERETGn vt 300
iriEISEEH Hig: theinarkpieass nfoaseatming chamire masservslSEN) osinemaysagbly
31 %V%E%%Sacem%%tgo%g%é?@&@é%@é%ﬁ% L2005/00091 3. A% SO NAGH B ector

‘amber ass , VIa work piece’manipulating and positioning unit
adOObBUEHa bk esaifsins flrgremdsipassimbly 340 rekipicce imaging

ARCIHAES, R Ah GOSN SR ABARRET cBRFRGRNIREITY VAR WY i Figs.
reference to Fig. 15, in such an embodiment, the chamber functions as

24 % fe ikt POl it BIFEES AT (BHEh BIREE IREE R Grth Skl

€ Wor
piess, gniaratmabergiiece holder assembly 420, or unloading the work

piece work piece hel SS - The.i [ t
R R e e

diptrothehercinatetage st atfihdinfiies work pided ohte w&sjrklﬁ?éc@l%}fdgﬁ (in
Aesambly420 o1f Uniapdint RIS Warkbeer ik wiegk piece holder

assembly 10 420. For an exemplary preferred embodiment of system 70 .
i CHME Abri BERE GFRRTEIN Y A SERHCNTG BlCSHRAT Ry

“then,

ienamplenbrsidiag BREion (deqdae: dfefrédidm)wnrepipcenidtipulating therein,

@nd positigning assembly, 10,0 Werk.pigse manPylAling.A0d-easifienfitron
Rt 4001s USEd for trans erring of work piece holder assembly 420
drsemerrstha it bherorirefanclisadassbynionl i maaladn hechuftsep! by work

prese MRl b0y asuAM SHLRO S U thdidR suehan srobedimanidha STEM
connecting valve functions L%oin@%he re iogllyo\}%)lufme fspgec?cgtlge and
BB PORTHE SPIRELSSHE (SHICTEGRSHRY voltitie V8 space Gt e e

space o
watgcchainber a3 Miblf.2 $0rlapivwelbasdoraepacatitngtbarpegidor physically

\ér?el{/\émb% %1; %Sﬁnﬂﬁemg{c%]% gﬂﬁmg;k%ggpg air lock assembly from the region

space of 20 vacuum chamber assembly 210. In general, the
Conne(ﬁﬁq@@&WeﬂEC@'@@eﬁma‘W?faWWo?zo is for detecting secondary electrons,

herein, referenced by 318 (Figs. 3 and 8), and by SE (Fig. 16), which are emitted from a
surface of the work piece, as a result of interaction between primary electrons 302 (Figs. 2,
3,4, 8,9, 17a, and 17b), and PE (Figs. 16, 174, and 17b), and the surface of the work piece.
A signal of detected secondary eléctrons 318 is processed for obtaining images of the
surface of the work piece. Preferably, secondéry electron detector assembly 320 is
continuously operative during implementation of the present invention.

Back-scattered electron detector assembly 330 is for detecting primary electrons
301 (Figs. 2, 3, 4, 8, 9, 17a, and 17b), and PE (Figs. 16, 17a, and 17b), which ére back-
scattered from the sub-surface or/and surface layers of the work piece. A signal of the
detected back-scattered primary electrons 308 (Figs. 3 and 8) is processed for obtaining
images of the surface of the work piece. Preferably, back-scattered electron detector

assembly 336 is continuously operative during impiem-entation of the present invention.
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valve which functions and is structured for enabling manual,
semi-automatic, or fully automatic, joining of a region or volume of space
of a first chamber to a region or volume of space of a second chamber,
ves welloawfer separating the region or volume of space of Hafirgbes/000913
chamber from the region or volume of space of the second chamber.
Preferably, 25 the connecting valve fgpctions and is structured for
enabling fully automatic gperation during the joining or. separating of the
regioﬁgam%ﬁ&fﬂg?‘&r%%s%faﬁmwﬁﬂﬁéfé%fﬁﬁegﬂ'rsa?mmm%ﬁam
(MasLum, chanharasseimbby, 210. Fughan 1@uttmatic dGbheehiny avalvenisnitted
(SO FHRSHAIGL” eEtadl YRR A Al AlleAlEl e eae s
Vahe functions and is structuréd for ena flng manual operation during the
cloikingush sesmiatndRecmplemeriion of sl IFESIORSHEENS of the

champgr af4§,2ik 1PEK 2SIHRANGVAGHY ThEBaRRes I8RO herein,
An exemplary type of manual connecting valve is a type of valve which is
8

BREHRALLFCSE VR ¥Rt PR SIAYS B8 G2 1deb by work piece imaging
anCrhili2O05600091:3t SA0For an exemplary preferred embodiment of
system,.70 which does.not jncl sample manipulating and positignin

it A S o T R T Mo,
ingiualesl ouickppisfer apdyiptdating indligesionnerkiplet@®hHdenapdodivsg the work
e VAR HMGRUARAFRANRY AN CHeRR AN CORH MRS YcPaMENG O onnected to

monitoring the vacuum state existing within vacuum chamber assembly

vreg heRRey AtEie st CEXRNG Wil %he chamber of the air lock

assentjy,iatiany timenbriorecithuing, dagier iinadingoh teesporkpided of an
onto work piece holder assemply 420. or unloading of the wark piece fram .

B e P B B i
wok#tSirg gmindoonpoeTethecol patzutpesl nsbembly dhokide yawnrdithe work

HRRRRRNRNR:BLILATLONGNARULAL HAHLE: PREIANMERN GORRGIERLIQy), as part of

vacuum chamber assembly 210, and at least one vacuum gauge

gtsranlR Iy shMed iy Bgheldhdhbaidtlfe atSichOYBsénbig: (K vakeRnpiece

waii 208 AH erdr popidong SHEEIAbYY ianaitieHs ghivacimimrRum prassemily 6 DOF
e forp ing vacuum. chamber assembly 210, down to.about 10-3 Torr

A D T B S Sht Berimo

#A8ds asitemibliossamilvetdted equipment for providing and maintaining

ulra- g RSN S BE QKR R (1B A EMARTERLO is for

having a pressure as low as about 10-10 Tort, in vacuum chamber )
e £89 Aatiaipg dhfa e BSRaIrEAHS Dl tetteptd multi-deflected jon

beamn 20, and relative to vacunm chamber assembly 21¢ of vacuum unit 200:

Work piece holder assembly 420 is for facilitating inserting of the work piece into
vacuum chamber assembly 210, and facilitating removing of the work piece from vacuum
chamber assembly 210, of vacuum unit 200, Work piece holder assembly 426 additionally
functions for holding the work piece during the directed multi-deflected ion beam milling
of the work piece.

Calibrating assembly 430 is for enabling calibration of the work piece with respect
to directed multi-deflected ion beam 26 of ion beam unit 100, and with respect to the beam
of primary electrons transmitted by SEM column assembly 310 of work piece imaging and
milling detection unit 306,

For an exemplary preferred embodiment of system 70 which includes work piece

manipulating and positioning unit 400, then, for example, S-axis / 6 DOF
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The vacuum distribution assembly is for distributing and maintaining

different pre- 20 determined levels of vacuum to different units of system

70, which are operatively connected to vacuum chamber assembly 210 of
wWRSHERYRIt 200, and for purging the different units of sysgenny éefooeo13

positive pressure. For example, purging the air lock assembly of vacuum

unit 200 at any time before, during, qr,after, loading of the work piece

onto work piece holder assembly 420, or unloading of the work piece from
(dagsek-pideedo B hoRtkmipssanapipuainasadwsitness AssmbliAhdpangrk piece
n@%ﬁ%i%@gikl’lﬂi%gﬂo}%{@ ﬁgi‘@@@ﬁ%&%@iﬁ%& krabeielBagiod %élsyfgl%@m holder

, optionally, and prefer , includes work piece i ing and millin

SR eSS R AT e VR KoK ARer AClBr i Geag Chember
agentsling sheextentisf 208 beam milling of the work piece. Preferably,

work piece imaging illing detection unit 200 4 operatively connecied,
to 30%2%5&%%%&%@%552% (?; gﬁ%%?’v%uum uﬁitggbo. F%. 14 ig an b
inchetriotritySertnmaueit Rikaferimisteating arpBispBIKRE Qe BRcgnof vibrations
detRRaRtisResific peaferied ambedinent ehiNs0OHk PieaRISBENEaREY, arc
milling detection unit 3&/0, and. m§'in components thereof, in relation t%t

h
e AL 10801 CHERINES VW FEBTRT 01 9B S PR THPSD0% 08D 1 32
ﬁﬁﬁimamkﬁnﬂaﬁﬁgﬁn_drpbsiti_:otiic\gna'mjtod@@pﬁ_wts@mppheuiﬁtmghgwmmeumatic
200 nd.alibang i RORIGNE WOHSRIEC RS ARHE! AF AR oneumaic

‘Mitistrate InFigs. 12 and 13. With'reference fo Fig. 14, work piece .
apfiugitnping mnmbligeteetvaliniedogediruib ithEigndth doRipehientdetonics
RAEGARIBGSIREIr ARG 966D (S RN §UuRNBcass eM- Bt dnaunit 500, for
secondary electron detc?cxtﬁ%lassemlr:%%/ 320, qlbgcktrscgtt%red elteg%on
RISYEERS SRS Tamiy 23387 SHRY A& ARSISEION 218 HUH HRTEB Bl Sembly
340. Wtk eiessiémagligs. diid 1jllidgaidtéétieystanit BOOptiemhdpleotepreferably,
e 2] Or}l%gﬁrﬁgggfgo [mﬂrgﬂﬁb%ly rl‘:t'i@g'izﬂ schezwgrk4pi§ceg ag'Qveﬁr.‘g (]:gmg?ments
operative rg?atlon to the various system units, and assemblies thereof,”
o ssteatestiontiamthand roeareb RIS SRy B TOTHC R g BT Aiffg Rasing and
Alasiranbaam MeRRe IR alRaiRng eieIpdaferancemibyo802nirt least
Figs. 2, 3,4, 8,9, 174, an%&gb and by PE (in Figs. 16 17a, and. 17b), .
SR LA L R (S HHE i DE e S0 R ot racing
diptionBliyldnttireterably btherels imdiudedmworupictecimaging andi-deflecting
AQ{H&F?%CH}?&‘ f#f tgs%)ecttlgg QO%MSP%HM&?%EWMH%%% 'Gg&k&?%ﬁh milling, a

therein, 15 togetherwith secondary electron detector aSsembly 320,
Bl Ak vekiriresl e@attishlarly shown in Fig. 14.

Component imaging unit 600 is operatively connecied to vacuum chamber
assembly 210, Component imaging unit 600 has as main component a video camera,
generally indicated by 608 in Figs. 12, 13, and 14. Preferably, electronics and process
control utilities 860 is operatively connected to component imaging unit 600, for providing
electronics to, and enabling process control of component imaging unit 606.

With reference to Fig. 11, system 70, optionally, and preferably, includes at least
one work piece analytical unit 70¢, for analyzing the work piece. In general, system 70,
including ion beam unit 100 and vacuum unit 200, and at least one work piece analytical
unit 700, is particularly implementable for analyzing a wide variety of different types of
work pieces, particularly in the form of samples or materials, such as those derived from

semiconductor wafers or chips, that are widely used in the above indicated exemplary
fields.
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detector assembly 330, can also function for physically analyzing the
surface of the work piece. Alternatively, or additionally, SEM column
assembly 310 can operate in STEM mode by utilizing transmitted electron
vidgtagiap assembly 340 of work piece imaging and milling detectiansanity 3
300, for the work piece being transparent to electrons, for physically 20
analyzing the bulk material of the work piece. Secondary electron detector
assembly 320 is for detecting secondary electrons, herein, referenced by

318 (PigiBinEBh HRIDPSE (miglytsyl wimieh78Pe S rittlsastranrtly snmabely

bW UK RIBES: @ﬁ@ﬁ&%&ﬁeﬂfﬂm@@cﬂpoﬁaﬁﬁeﬁntmawwg&rpw&m
(Figs. 2, 3,4, 8,9, 17a, and 17b dPE( and [7b

S B i o o Rt K6 Aidisen
730,8 fisr prasédisgddectabtainitng imdgestdithepretrfacenithefvedcipisog piece
g{ a}blx gﬁﬁondary electron detector assembly 320 is continuously
ana
rative urlng implementation of the present invention. Sack-scattered

eIectrSYPd’elﬁéfér aabaipm Iy 719 fér deteerngitintary diestrghadagpdon mass

sfel@rotet) AsBgUirbéRdana dZdnand b (Geigs. 46 ol Ten BaghLaty) 106)iGMich is

.are back- 30 scattered from the sub-surface or/and surface layers of the
D TR SR ST 1 YL DAL CU L RS e Srshed For

sticlgsn xanghB)yi sppritessbddiareobidisystgmi ﬂ\&g@swfnlﬁ@i‘smmp;ef@a‘aﬂie includes
AR 1'§sce F rrecr%@z?%qd!i{jﬁl&ﬁc%&e Q&Jﬁ&g R FEIeHRin %'%Qﬁléﬁov&uum
con nuousy operative during |mple entation of the presen |nvent|on

oPrdieee6/fop £988He Vit 200510009 3 BBIPRA METss R eIBER G low as about

ﬁﬁ‘geqﬁ ﬁ@&@%ﬁ@@é@ rasé%&gsgn% zgrl ﬁam.eiﬁt;&gw&%%ﬁéﬁtg%mh&sms :
a, an an S a ich ar

HiTont Rt UEIREb LD "Bt RS S romerr)
@dﬁﬁgcﬁdfeamsﬁmiﬁm@&h&tmtm(gas&;ranqmbtaztlﬁéhdmhgumwmbméﬁbmbﬁmrk
t'{‘e% EEresen cfﬂ%e %é:e%ﬂgﬁ%ﬁ’sﬁé Fig. 2, secondary electrons and

Atiere ctr ns, herein, collectively referred to by 304, are
generéﬂysﬁﬁGWn7BeM§eEFé@e@Pé‘ﬂﬂ?y§(A/dﬂépi’é%@‘ﬁh'é(glﬂ’@feaif?d’ﬁ?iﬂﬁf@ work piece

Hi%g&%%&l RifIBRY aMbthJeisnenos, bdngEmM bohdnd dss8ndi giﬁyﬁb‘ﬁﬂka @herein,

g%g%%?‘ll S %g(g%%%@m#%?ﬁ??gwﬁgg | Ce‘jr:% Q{S%% t% £ p‘ig& (natively, or

mahipmayngsam pasitioningpubiy 4900iscapengtitedy ivodTdEdte drmiev dyuutilizing
aﬁs@l@&é %@&Qlﬁe?[é&ogfa\é&%@ %to%QQOJI:J%le]cé %QQ&SQﬁH%ﬂﬁkxg detection

ematic diagram illustrating a perspective view of an
unit 300, for the work piece being transparent to electrons, for physically analyzing the

bulk material of the work piece.

In system 70, electronics and process control utilities 800, in addition to providing
electronics to, and enabling process control of, ion beam unit 100 and vacuum unit 200, is
for providing electronics to, and enabling process control of, the optional additional
operatively connected system units.

Electronics and process control utilities 806, in addition to being operatively
connected to ion beam unit 1068 and to vacuum unit 200, is operatively connected to each
optional additional unit, that is, work piece imaging and milling detection unit 306, work
piece manipulating and positioning unit 400, anti-vibration unit 506, component imaging
unit 608, or/and at least one work piece analytical unit 766, of system 70.

Electronics and process control utilities 860 has any number of the following main

components: a central control panel or board, at least one computer, microprocessor, or
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exemplary specific preferred embodiment of the work piece manipulating
and positioning unit 400, and main components thereof, particularly
showing close-up views of the work 15 piece holder assembly 420 without

waMgtkpiess (@), and with a work piece (b), as part of syste@y4P200s/000013
illustrated in Figs. 11, 12, and 13. As shown in Fig. 15, work piece

manipulating and positioning unit 400, includes the main components of: a
5-axis / 6 DOF (degrees of freedom)%ork piece manipulator assembly
c4nitrl prworisipipveihGlHED atisembiijh 42@catet xoalibratingrasse mwed 3Mplies,

o 8IS D Ofnd I RAE RS IR O WA R E 5 R BIRWR IS A BRI, for

410 is for manipulating and Eosmonln the work piece relative to the

cfraBled e IR R YEhiod, Ridd (i davaleal inénafRpianalog to

dagiea Tt b hal vky anules) wHiks2 06indtask Risieihpid efoasaaipd) Iy Adddsitetronic

.f:i\célitatin (ipserting of the work piece into vacuum chamber assembly
1 f aces WOIR connecto

£, R T I'S. .
, and aaﬁfatlng removing of the work piece from vacuum 25 chamber
assemblth 2eBraskvdeulins. uhitdd 0. Werkopieseubtercss semibly 4@bties 800 is

&QQHQ&%‘&X&H&%B’&!&&fi%éé?é@@&‘%ﬁﬁﬂ!&%&%ﬁ?o%ﬂ%{ﬁh@s diFesiadam unit 100,

.multi-deflected ion beam milling of the work piece. Calibrating assembly
17, 26M€"h 2B HbRMY Ui LR B B HARPRITK S iebiiith YeEpR atstB Biretkrnd ion
veaitiddetiagtadd anliedme2tmfderbegnmonit 100, and with respect to the
beam ,30 of primary electrons transmitted. by SEM column assemhly 310

ot work e TR o T DR S50 Ry B om fo
Prefiscr ok brdoBelited indfeys ol 70 efhichrikglisdeswhiorbpithees is provision of a
W%@Mﬁlﬁm&mﬁ&ag‘ﬁ %e&@@@eﬁ%eﬁz&emﬁdﬁfﬁ% '8BRRg main
WO 2006/021958 PCT/IL2005/000913 54 (degree-of-freedom) work .
Eeanehif G HESIRERG S8 i ovst ok piredBe ion beam unit
gy kafing aeekpastitnin andih HI0dsvaad: faisRbSIes NG REMQY Ri0feast
tholdec[ t?s%emﬁjlé/ 420.between the (t:ha ber of the aitr ock as%eént%ly andb ‘
Vacuin chamberPRSESRnRy 218t VAJOTMT & 668 WHtH-EfseRtdcR beam:
thigonleatXtismeting3indysid Mdeicomiip aatty) o dhpirefer ao ipn nclnd@st deflecting

%%Qﬁﬂﬁ[%?Héf@&é@%nﬁ?&#é@}%ﬂ%%ﬁ&%%ﬁiB&%??W%Prﬁ%gf% directed once

vibrations during operation of system 70. Anti-vibration unit 500;,

difipEhdnistfitiedndand Hrebagmetsindddsilestiaapaisarltvdiy deflecting and
apanegtad Wraysiens UpRefassarnblin 0P . ramtiny D aLiRng M0 Qeflected ion

Q:%Ll{ eslr;[g ea rpyapig gp rtﬂ'ejorrr]]gm-sdgﬁeact%w r%lriltybggrg!egx%o_apgggurgﬁalti%nit, operatively
connected to the ion beam unit, for providing and maintaining a vacuum environment for
the ton beam unit.

Accordingly, with reference to Figs. 2 - 14, the system for directed multi-deflecting
a provided ion bearn includes the following main components and functionalities thereof:
an ion beam unit 106, as illustratively described hereinabove, wherein ion beam unit 100
includes an ion beam directing and multi-deflecting assembly 120, for directing and at least
twice deflecting the provided ion beam 18, for forming a directed multi-deflected ion beam
20, the ion beam directing and multi-deflecting assembly 120 includes an ion beam first
deflecting assembly 122, for deflecting and directing the provided ion beam 18, for
forming a directed once deflected ion beam 16, and an ion beam second deflecting
assembly 124, for deflecting and directing the directed once deflected ion beam 16, for

forming a directed twice defiected ion beam 20 being a type of the multi-deflected ion
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10 or/and electromechanical active damping assemblies, for example, four

electro-pneumatic active damping assemblies, generally indicated by 500

in Fig. 13. Preferably, electronics and process control utilities 800 is
vopevativabsgconnected to anti-vibration unit 500, for providiRgEIe2wsnMesLs

to, and enabling process control of anti-vibration unit 500. With reference

to Figs. 11, 12, 13, and 14, system 767 optionally, and preferably, 15

includes component j jng unit 600, for imaging the work piece, a I
S i Tt S0 BITOHA S St oo s, 160, for
ppaitinglandweikigigoe irvagying emdromitiing detbetiohbanit 300 1fbrk piece

manipylaiieg ARt PASILQNIIYHOILAQDN AR ALHBASEs AREWSK RIEGE method for

analytical unit 700. Component imaging unit 600 is also u'?&ed_for ima[gin,
defpretng i craveltivg BreBEan b Bsath Gttt diPEE i antjcluding the
ronuttindeflesiing.39 assembhypd2ianadeingtiiiralited therasfispiocidient anset of

impinging upon, and.milling, a surface of work piece, articularl
PR A o P SO T A 0 A o IR SR AELIEAPLY groue
cvagsiim chahteresasdeinbiyo?ld @icCandpptherk infaigngiminebe watkamece, and
PBIRLEANPONGRLR HOISR ERDEF A IENE Bl INicRSRAiRY GRQ D RigSi-d2Accted

-13,/and14. Preferably, electronics and process 25 control utilities 800 is
ieherpativer]lssnpk e VRSKcBIffSorER mragiouint BSolfEr piovitiigetiected ion
wlectranias 7, andienablingmiedassiconinehahgamposepd, imdgingpoients and
600, With reference to Fig. 11, system 70, gptionally, and preferabl .
S e
tivopkpided. itm denerafosystormg 0y diveuai ngridtirdidizatednier G@aandwherein the

AACHAM NI 200, AR AT R3S QNG NaL RISk ANalviical 0TS ISpon, and

particularly implementable for analyzing a wide variety of different types of
Willpk praeiase phiticahPiRcHac e Msiag Br i theialdoat onegarameter of
#thosealepiad framiosaimicansiicioricalarsdonehips othik ade MdsiebheisRekineter;
the above,indicated exemplary fields. WO 2006/0219 .
ERISIHEIGO00S S Rl S o hoce Shis aesrlsismypsaiues
fatr I&asﬁma_tt;pmfevmiveﬁffarmmd@tﬁém&miﬁmwﬁm@ﬁb@ BarR thie set
YPRRUT NN AOQ, BRETor AR RIRGIHRDIGS B R QGRRRAARHIBL 4IRS 800 beam

Is operatively connected to each work piece analytical unit 700, for
prdinainttadarb rieseomihireralbinifisreressaeontiing PeattsIB e pr2Rge-
5 analyiigal peihd®&r\Masl-Riese analyticallipklRatisf for brampléim of a work

;Salle'\cflgts\%e&:ogrr]gea&[ S gcﬁ]\ga'sof the at least one surface of the work piece corresponds to
the topography as being one of the pre-determined parameters of the work piece.

The method for determining and controlling extent of ion beam milling of a work
piece, is according to a closed-loop feedback control of the three parameters: thickness of
the work piece, depth of a target 90 within the work piece, and topography of at least one
surface of the work piece. There are known methods for measuring (determining) the
thickness, however, the present method provides the ability to perform real-time, in-situ
control of these parameters, and to do so in an automated manner, whereby ion beam

milling of the work piece is controlled to end at a pre-determined thickness, with target 96

positioned at a pre-determined depth, and to have the bordering surfaces (top and botiom)

‘have a controlled topography, either with or without selectivity, including extent of the

selectivity, and for these surfaces to be either (preferably) paraliel, or without a

pre-determined offset angle in reference to the longitudinal axis 40.
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spectrometer) using directed multi-deflected ion beam 20, of ion beam unit
100, which is incident and impinges upon (without necessarily milling) a
surface of the work piece. For such an exemplary specific embodiment of
WSIss hsyacuum unit 200 preferably includes 10 assemilies@hsoo0913
related equipment for providing and maintaining ultra-high vacuum
conditions, for example, with a vacuum environment having a pressure as
low as about 1010 Ton, in vacuum ch8mber assembly 210. which include
compdherrsnobihec8i&! ba ke metivedyofivoriicpieek pinctydicedtenindodelected

ief BLR (emfgy PR AlmEP SR SIRN V5iNg PHREMALY resolution),
electrons P C‘generated by SEM column assembly 310 of work 15 piece

RegiRg S5 M PFteeion it stormeiisteit SRR Bptermmgly. In
aalndlafeieﬁgmyy apeémtsprufwaectm&ﬂaﬁemm a@mgiamémlhﬂgaﬂﬁ{aﬂm@ the

unllt(3%g then S{EM1 | 0%(fmb %0 |nc er%|snt O%ar%% X
funchon Tor prysica n%?yzmg theQirace” o WOI‘lF e work piece,

cAfher hathoeline thasiditiopiatiy 1@EMMIMWM€WW@£®IEéﬁ bpéﬁétdﬂgrees in
Sd&ENL mede me;t'ls%'ﬂg;%g pansmiied &lec¥on dstec R as SO Uy the

milling detection unit 300, for the work piece

work piece im
HesHE 53 é%ﬁ g@%ﬁe&rb?fge% Faonyasthar Sapsapsolne éh%ﬁw%aférfé{get 90
of thewwdtlpRiec. tnidy skermdQ, @&et@nﬁ@ﬁ@dmmws&qamé%uﬁdmmg and

800, in.additi iding, elect t ol
B e O SR R R LR e e e

t; amehbeited|Herrociess oo dHd b iththe optivped magitgrrald 0pl§nagnie1lg.ct:on unit
§@6&Qﬁ%ﬁp§}é§$ﬁ% léﬁk“ﬁoﬁﬁ?éé‘%%ﬁée@ﬁ&?&&%&""[tﬁgl ddfititiss é%%t b within

ition to being operatively connected to ion beam unit 100 and

thectiorh Riree Bolquiypdfamdly earinadidd f&@abﬁefsﬁﬁéffaﬂ%ﬁoﬁﬂéﬁa degree or

eiintbatlisy wiate pigge INagingand, @ylémﬂatﬂqtg@menm&%dwosk 30

piece manipulatin and Ltlonlng 400, anti- v on unit 500,
compc?}gntP ﬁjnaglr% ur?}t)%g Etl A ao‘rsfémwor plé’éé %?ﬁ%?%c‘ﬁlw (upper
narit 700, ofdsyspenvicr. (Ealwctrmarms(bhd Cﬁrom tonwredutiliiesspodivapreterred

enyamberaf the (aWRG.MAIN SAMRANSRIRiQ CRRLALECRIR! BRNCLY main
board, at least one computer%nlcroprocessor or WO 2006/021958

BERLSO 10500 LioE VAN 1R RERRiMBILARS(EBUhearsiy wiRke manipulating
anspokiRdi 6o mPUies, mfpmm,spgwensup@&@aedqawegsconvmtaﬁa 13, in relation

%)g{gollerg C%QtE Hg&ae nted cl:erUIt bcoard? CE%}S ca
SAHHNEER cluding mpu??;ufp%tq(i/g oF BIRHSRA 8 Q}ﬁﬁé ﬁﬁnb o
(afafegofor work piece. In Fig. 16, 80 refers to the projection of the detector segments,
that is, 342, 344, and 346, of transmitted electron detector assembly 340, wherein each
detector scgment operates as an independent detecior, each operatively connected to an
separate electronic circuit, part of electronics and process control utilities 800 of system 7¢.
The signals from detector segments, that is, 342, 344, and 346, of transmitted electron
detector assembly 340, can be used for measuring or imaging, according to any desired
combination, in particular, as relating to ’oright field and dark field STEM images.

Figs; 17a and 17b are schematic diagrams illustrating a cross-section view of

determining depth of a target 96 within a milled work piece, as part of determining and

controlling extent of ion beam milling of a work piece, using the transmitted electron

detector assembly included in the work piece imaging and rmllmg detection unit illustrated
in Figs. 14 and 16.
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digital) functionalities, cables, wires, connectors, shieldings, groundings,
various electronic 5 interfaces, and network connectors. With reference to
Figs. 4 and 9, electronics and process control utilities 800 is operatively
Veoabeatadsand integrated with the various power supplies GfGBALEAOLAE
100, in general, and in particular, the power supplies of ion beam source
assembly 110, and ion beam directing and multi-deflecting assembly 120.

10 Another main aspect of the present inventign is a sub-combination of

the syt HIPTdiRCtaRPNfuRHENEL [Rsish A ilih o BE ol ek Yiess; and,
barbicibyatlde saisnprguisionspéas, Syigiemdas: tise ote tbanui; ddlegitsena invention

rovi ion_beam, including the follgwing main components and .

s{EBAEy R I, O8O SR REISEE, Bl cchniques
offiefJeremanilidrebeam directing and multi-deflecting assembly, for directing
and at least 15 twice deflecting the provided ion beam, for forming a

directed multi-deflected ion beam, the ion beam directing and ]
multi-HétBRenig4ed habiyiati et cbare s c e ity caderritbigh are.
fdorctefectingrited direltingrifeet prdvigrchiorhoadiméarsiommng e disegi®dded in
SRR seciedian beam,A0d Andonbeam second deflecing assembly, or

or det egtlng an d?rec?lng? & directed once deneted 16n beam. for = ©
ifyeming ¥idileatedanhee Wefissesidid nrob i effaystnglpendfodigent, may aiso
bEpitiRRfiectariay beanh sk aciumHik.gneratively connected to

the ion beam unit, for providing and maintaining a vacuum environment for
the ion beam unit. Accordingly, with reference to Figs. 2 - 14, the system

for dirsttpobiratibaefircting el pravidegihreheanmintivsesithaifoliewingtion are
HHAR omponents and fnclienallies thereal 25,2018 beam it 100,85, o
astratively deschbed harainabove. WhErem fon baam LAt T inkages exten
aanifopable sl thivéstinpukhehtioniti ehefld congpase nabhidREnfordireptirifcalig and
i@&i@éﬁli&ﬂﬁ&ﬂg@%'% tﬁﬁd?{)%}/é%d ﬂ%iheg)mréﬂref%eform' %gcﬂtglﬂ?%gﬁl%on or

.multi-deflected ion beam 20, the ion beam directing and multi-deflecting
R SO CTEfRED S bapienHon btk seadmthya apadapission that
stlefl edtirg@ne diatingdpgproviderciprefeaamviidar 30 forming a

directed once deflected ion beam 16, and an ion beam second deflecting
assembly 124, for deflecting and directing the directed once deflected ion
beam Whiltothefannsiniepn Hisdutert dosisibabile creghimtidremith 2pdséingmtydienents
Ahbemuli-geflesieddeniie aR0RA 1Rt BCIIhRRICAN9AR Pations wil

beam; and a vacuum unit 200, operatively connected to the ion beam unit
kfoﬁ);:mpnt to those skilled in the art. Accordingly, it is intended to embrace all such

alternatives, modifications and variations that fall within the spirit and broad scope of the

appended claims.



providing and maintaining a vacuum environment for the ion beam unit

100. Another main aspect of the present invention is provision of a method

for determining and controlling extent of ion beam milling of a work piece,

including the 5 following main steps, aPd, components and functionalities

thereof: providing a set of pre-determined values of at least one parameter

of the work piece selected from the group consisting of: thickness of the

work piece, depth of a target within the work piece, and topography of at
cr1.jaasi-one surface of the work piece; performing directed multi-deflected

ion beam milling of the work piece using a method for the directed

multi-deflected ion 10 beam milling of a work piece, including the following

main. stepsA anghabfpdinenits and nfulniptiotiakt els fiberepinprovidangfanndihing of a
WO&%@&&;, @%ﬁigﬁfgﬂng and at least twice deflecting the provided ion beam,

for forming a directed multi-deflected ion beam, wherein the directed

mulBiEEflEas hos¥amne directed towards, incident and impinges upon,

anddinitispeptiHaeesofihe wockipiecrd fead dnie imeastl g fiftsilg theradted multi-

least one p&ﬁt"i‘&}%&e{ ohialng W&’it‘éc ece o lorming 4 Sre%‘ﬁeﬂ‘%%%%ra?ﬁ y an ion

values of the at'least one pa%me er; omparlng]}ﬁe sefof the measureg

values to theaprdvidelsfinsting thecpidyvd e fenmet vaflizsstedomfisrAsiiryiadsism beam,

of value diffgrenogs @ssaciated withacicampaning dfeeding hHask theyStion beam
of the value diff%rge

es for continuing the performing directed . .
At clfle GO FHERHE TG DY Ohd T AELE I e Gl fon beam being
differencesrangwvithisnd piieedetemiindelatmge i20Hmithewhetiod4idr directed multi-
determining.gjagi confralling gxicatef BRLeam miling of i@nWBéEs RIRGE alli&nints, o

degree of selectivity of the at least one surface of the work piece _

correspond¥T3°the tBiSotPabMFess BETG b bitRe prELdatapthifilzeting assembly
parametersmehithe worknpiecendT he methoghfoncdetaitmimogeanetaeinipllipgsitioned,
extent of iog beé%lt”& miling. af A Wtk PISe. Sa%%Cgfe%%”&%%git%@'ﬁésegf'%E%Qu-odes for

feedback CORLro { para work piece,

(& 1 h

trol of ﬂ?et ree paran%ters: thickness of _
depth of a taG eI e ac piedecdedionspdghaply ©on&etgnst one
surfaggQfidhe-werinpiacewdhere-ane iknown mathedsi o MeasUiiguration relative
(determining) the thickness, however, the present method provides the .
b TRATSIRS ARt EoR A or L P E e A s 1 o
so irantaatofRiBdEmpenhrelydotirbsadmmiiligotthdavdrapicee directed
is coptrallediioent-aaar sdetermingdhickness: Wil et 332 jon beam has

positioned at a pre-determined depth, and to have the bordering surfaces
(top AW BERD ) il BNt By PRBRY. LHEP KM S AR g(PO microns (2
seleatillityetersjuding extent of the selectivity, and for these surfaces to be
either (preferably) parallel, or without a pre-determined offset angle in
reference to the longitudinal axis 40.
2 The method of claim i, wherein said directing and at least twice deflecting said
provided ion beam includes extracting and directing said provided ion beam, for forming a directed

extracted ion beam.



WO 2006/021958 PCT/1L2005/000913 58 This control is enabled by the
method of static work piece, directed multi-deflected ion beam milling,

and real-time, in-situ SEM/STEM imaging (with best resolution), including
use of SE, BSE and TE detectors, eithédin combination, or separately. In
another exemplary specific preferred embodiment, this control is enabled
by involving the 5 work piece manipulating and positioning unit 400 to

change the position of the work piece, either by rotating the work piece in

relaion to the ll%aﬁadm@ia%lﬁ %@aél;%glg%g{&%n@n@w%@ flowRHB& e said

of top, or bottom surfaces of the work piece tg be imaged by the electron

Propidetini BF BRETS R dh B AP hIBERS RS PEb ARG dlspasitst ipn beam, for
fortanged diedrethehaivorkigilecedisdo tiththeviarkapieloe Byiinaaasodfstie Wetked multi-
defRiege manipyiating and 10 positioning unit 400 and to register the

corresponding shift, AL, of target 90 as imaged by the transmitted

electron detector 340 of the work piece imaging and milling detection unit

300¢4in comparmﬁbtodhelmmtimar@mgﬁi WRapktargetafh THe depiRObf between
abolArget 9%V\ﬂgha|n t e(;{v pl?&%]{g q,}gHJat d from the angle of tilt, herein,

referred 10 as gree I exten shlft of the image 92 of

target 90, as shown in Figs. 16, 17a, and 17b 15 Fig. 16 is a schematic

diagram illustrating a combined cross-section view (upper part (a)) and

top view (lower part (b)) of using the exemplary specific preferred

embodiment of the work piece imaging and milling detection unit 300, and

main components thereof, along with the ion beam unit 100, and the work

piece manipulating and positioning unit 400, as part of system 70

illustrated in Figs. 11, 12, and 13, in relation 20 to the work piece,

illustrated in Fig. 14, for determining and controlling extent of ion beam

milling of a work piece. In Fig. 16, 80 refers to the projection of the

detector segments, thatis, 342, 344, and 346, of transmitted electron

detector assembly 340, wherein each detector segment operates as an

independent detector, each operatively connected to an separate

electronic circuit, part of electronics and process control utilities 800 of

system 70. 25 The signals from detector segments, that is, 342, 344, and

346, of transmitted electron detector assembly 340, can be used for

measuring or imaging, according to any desired combination, in

particular, as relating to bright field and dark field STEM images. Figs. 17a

and 17b are schematic diagrams illustrating a cross-section view of

determining depth of a target 90 within a milled work piece, as part of

determining and 30 controlling extent of ion beam milling of a work piece,

using the transmitted electron



detector assembly included in the work piece imaging and milling
detection unit illustrated in Figs. 14 aré]q 16. WO 2006/021958
PCT/IL2005/000913 59 Based upon the above indicated aspects of
novelty and inventiveness, and, beneficial and advantageous aspects,
characteristics, or features, the present invention successfully overcomes
limitations, and widens the scope, of presently known techniques of ion
beam milling. 5 It is appreciated that certain aspects and characteristics of
the invention iGh Bf e hRiin SRR NN CONEXLOL S ERARICHS a work
. embodiments, may also be provided in combination in a single
PrErihBUiiESt. Conversely, various aspects and characteristics of the
invepikioilinghickeare, por-tnextitined eaduibedf intthatantiegahasinglethe work piece
embomme.@éle_@é’%y i ﬁ;oﬂt%%@& Q:BQ1\£{QI%1 3ERAY, %%:lé/s %k mean(}{”éullég‘etzlgepth of a target
sub-combination. All publications, patents and patent apb‘hca ons
mentioned YitkHidhspeeii ire it soneranhyin ot irasarelg mirfarioE Rgragsipyicce;
referpReainiadhe specificalion deitbasRMBan ety asoaac @il milting of
publication ]pa‘tjgn_{(or.gatenit a p"Cﬁtti[?fé was specifically tand 15 d q
individually indicated t6 be'in o?p(r)“r% & ﬁltlecreulrfrﬁ/ referentd. M ad%‘i)ﬁg)ﬁfw“ts an
citation or faetigfichtiorbf any reference in this application shall not be
construed as an ggmigsian.that riehaigference is available as prior art to
the present invention. While the invention has been described in _
conjunction with SHEGHREANbEdRMLREC A DR sty irsh s brajg. for forming
evident that manyaalteenatives|tinipdificatiéns anohyanatiofisciiill hel directing said
apparent to those gl i e Aty AGERLHIAI dHSIIERAEAIQ RIPRGGorming o

all such alternatives, modificationsand variations that fall within the spirit .
and broad scope 8FtEdappentelrerdnd J5a0 mdadatecting mdtdygeting said
for directing and rauliiple ttmesddadasctingrandan beam fanmiling &fdnd deflecting

work piece, compiising providing.an jon beapm; and dieeting and ateast . o
twice deflecting sdid provided ion ]béam, for orming a directed multi-"e @ P
said directed multi-deflected ion beam, wherein the directed
multi-deflected ion beam is directed towards, incident and impinges upon,
and mills, a surface of the work piece;
real time measuring in-situ said at least one parameter of the work piece, for forming a set
of measured values of said at least one parameter;
comparing said set of said measured values to said provided set of said pre-determined
values, for forming a set of value differences associated with said comparing;
feeding back said set of said value differences for continuing said directing and multiple

times deflecting of said ion beam for the ion beam milling of the work piece, until

said value differences are within a pre-determined range;



deflected ion beam, by deflecting and directing said provided ion beam by
an ion beam first deflecting assembly, for forming a directed once
deflected ion beam, and, deflecting anghdirecting said directed once
deflected ion beam by an ion beam second deflecting assembly, for
forming a directed twice deflected ion beam being a type of said directed
multi-deflected ion beam, wherein said directed multi- deflected ion beam
is directed towards, incident and impinges upon, and mills, a surface of

Fhe WBF&%% wherein saig &%cﬁﬁ@%&%ﬁﬁﬂﬂl@ﬁ%gtﬂéﬁéﬁﬁgmpﬂid ion beam for
includes an inner and an outer symmetrically and concentrlcaTIy

posRGHEE N iatdrraap mliog et nSReaIyeshh deflertng Ssiapbly includes an
plates:ar a@ieatmd% igmmaidcdéjlaqﬁrcgraadrﬁhfﬁgtm_ie‘aiﬁcu_isemeabgnmericauy or
deflegige. 1ap &%%Q&i&@&%@ﬁ&%‘zf%&éé‘&P@EE@%&Q%P%?ﬁed@%%é%%oﬁ%&mg said

(static or fixed) configuration relative to said directed multi-deflected ion
beafirestid omditsped dpteddn beam milling is broad ion beam (BIB)
milling, such that said directed multi-deflected ion beam is a directed

multj-deflected broad ion beam, wherein said directed multi-deflected
ot on DLUATTHRE, & AATRate! D e e L 4F e SH UL b oo o
the yigkanecanerabontd Y008 krersty shillimetdrsle@. The method of claim

1, wherein said directing and at least twice deflecting said provided ion

beam includes extracting and directing said provided jon heam, for

forming a SR ol o i BPTS A HiERf d ot Yaifrivy orand STEM
imagheretardaiddineatinftiandcak lpast twice deflecting said provided ion beam

includes deflecting and directing said directed twice deflected ion beam,

for forming a directed thrice deflected ion beam being another said type

of sdid direCledite-detdRed sl i paLres ifewigticsf daf fhickness
of whevein piid, disdnekercar widtheis e raagerbicbiativden uadofik 20 smitted electron
detgn{g}rons and about 1000 microns (1 millimeter). 62 5. A method for

of;ete'rmining and controlling extent of ion beam milling of a work piece,
comprising: providing a set of pre-determined values of at least one
paragneter ofithasnmemkviekenseleqiadifromthe rRURoNSIsENGRSd according to a
t iﬂ(nesfs 8{)& e worlﬁ piece, depth of a target within the work piece, and

h
CIO?Spo%O apeﬁ’y BF 5t 1858t one surface of the work piece;
10. The method of claim 5, wherein said surface has a controlled topography with or

without selectivity.

11. The method of claim 5, wherein the work piece is in a stationary (static or fixed)

configuration relative to said directed multi-defiected ion beam.

12. The method of claim 5, wherein type of the ion beam milling is broad ion beam
(BIB) milling, such that said directed multi-deflected ion beam is a directed multi-deflected broad

ion beam.

13, The method of claim 12, wherein said directed muli-deflected broad 1on beam has
a diameter or width in a range of between about 30 microns and about 2000 microns (2

millimeters).



directing and multiple times deflecting an ion beam for performing the ion

beam milling of the work piece using a method including main steps, and,

components and functionalities of: providing an ion beam; and directing

and at least twice deflecting said provided ion beam, for forming a

directed multi-deflected ion beam, by deflecting and directing said

provided ion beam by an ion beam first deflecting assembly, for forming a

directed once deflected ion beam, ané?%leﬂecting and directing said

diredted onticdeflreled innnbearniyani0n HeamisecrneJeieCiRgd ion beam has

bly, for,forming a directed twice deflected ian beam pejng a type of

’ g%%g we%téyddrtfril]um- eﬁgg%eagic?ﬁugg%nm?%v?/ te?ﬁl fﬁgra?rsecaflég a0t 1000 microns 0
miligfeietleflected ion beam is directed towards, incident and impinges upon,

and mills, a surface of the work piece; real time measuring in-situ said at

Ieast] one p;Hameégar of th]e,work iece, for forming a set of measured

valués of saif A1TRL O S Barambest” &5 Bhfitig Yahgasertkgid focused ion beam
(Flfeasdimedwal ties toddicqrovideddsEtatsaid prendetedinined mvdues]cfosd focused
ionf@ENG a set of value differences associated with said comparing;

feeding back said set of said value differences for continuing said directing

and multiple times deflecting of said ion beam for the ion beam milling of

the werk pigte meritild sdidialalue, differeincasi afgswithinapaendatarmingsd ion beam

;1asr9'a%ﬁi¢§e? of W@%@gl izag%ei %g %gtggerl Sa%icgutd %rr?%gicgge%nsg agéualggﬁte 1%'611?2?11 meters.

deflecting of said i1on beam for performing the 1on beam milling, said ion
beam second deflecting assembly includes an inner and an outer

symmetricalhanecancentrisali positionadisepaiaieds sPNEEEAIMihe of a work
) eIIiE)ticaIlg. I§paped electrostatic plates or electrodes for said deflecting and

P wgl?ieg{?ﬁél sl_,eﬁ:d directed once deflected ion beam. 6. The method of claim
5, whereiindey ree of setdetvitynof saideat € astlone surfasaraftdhefwirkwork piece

piece.coreSRANGS .3picbiRRAGIAR N RLIDS WOk RISSEsi LT NS MEMNOL: 9 within

claim 5, further comprising real-time, in-situ SEM or/anc STEM' imaging
or/antf R¥ASITHLBS HReCFaR RS abIeas PR HIESfRS B clafmsRinerein
dirgaiezpadaméiple ohtledwiaxkipieceés baioh thigknessugf thesmadapiece, and

whegifRAid £eal fiRDEASHI NIRRT RS 917 URpSTifed electron
components and functionalities of:

providing an ion beam; and
directing and at least twice deflecting said provided ion beam, for forming a
directed multi-deflected ion beam, by deflecting and directing said provided ion
beam by an ion beam first deflecting assembly, for forming a directed once
deflected jon beam, and. deflecting and directing said directed once deflected ion
beam by an ion beam second deflecting assembly, for forming a directed twice
deflected ion beam being a type of said directed multi-deflected ion beam, wherein
the directed multi-deflected ion beam is directed towards, incident and impinges
upon, and mills, a surface of the work piece;
real time measuring in-situ said at least one parameter of the work piece, for
forming a set of measured values of said at least one parameter;
comparing said set of said measured values to said provided set of said
pre-determined values, for forming a set of value differences associated

with said comparing; and



detector. 9. The method of claim 5, wherein said feeding back is

performed according to a closed-loop feedback control. 10. The method

of claim 5, wherein said surface has a controlled topography with or

without selectivity. H. The method of claim 5, wherein the work piece is in

a stationary (static or fixed) config@rq’ ion relative to said directed

multi-deflected ion beam. 12. The method of claim 5, wherein type of the

ion beam milling is broad ion beam (BIB) milling, such that said directed

mulfedefiesiey ion eamdn adiesiedmulidelseies bandion Ream e

The method of claim 12, wherein said directed multi- eflected_ road ion

beaffsadeBeinfeiteH dofmmitos PergetsrhetilBenciBisuy o Rifsforati said

and-aneuli B0RAISONSI2 dpilimelersicf3agd 4. The method of claim 12,

wherein said directed multi-deflected broad ion beam has a diameter or

width in a range of between about 200 microns and about 1000 microns (1

millitdeter). Ths e drdthletrof Glakaranihrsinttygectf ilieicaidbeblgrst one surface
of thailliBe isidacused janibeamd (5B miling asushihatsaid directed

multi-deflected ion beam is a directed multi-deflected focused ion beam.

16. The method of claim 15, wherein said directed multi-deflected focused

ion Béam s adiaxhefetan Witthitha rangeiof hetixden.abeut SEM or/and STEM
ima%gnomgﬁgrﬁegggigﬁ)g{%@%l@qﬁ%eters. 17. A m_ethod for de_te_rmining and

controlling extent of ion beam milling of a work piece, comprising:

providing a set of pre-determined values of at least one parameter of the

work piece Taelaeied kbemine Yrougcopsispaghéidnicknessioptbe Wekd thickness
of PIESSHSRIN. Of 2 taract within, the work pigce, and, 1apography, of aLISASt ¢jecron

one surface of the work piece; directing an m%lﬂple times 8eﬁect|ng an
detgsipheam for performing the ion beam milling of the work piece using a

method including main steps, and, components and fmnctionalities of

prov'ging an.ion by glfgg;Fa d directing and at least twice deflecting said .
prOVJIZ od ioﬁlﬁerg%ﬁ, o Oc? m ée]a wmgerem sald ?eedmt, 'back 15 perfor e(?l according to a
closed-loop feedback control.

22. The method of claim 17, wherein said surface has a controlled topography with or

without selectivity.

23, The method of claim 17, wherein the work piece is in a stationary {static or fixed)

configuration relative to said directed multi-deflected ion beam.

24, The method of claim 17, wherein type of the ion beam miliing is broad ion beam
(BIB) milling, such that said directed multi-deflected ion beam is a directed multi-deflected broad

1on beam.

25. The method of claim 24, wherein said directed multi-deflected broad ion beam has
a diameter or width in a range of between about 30 mucrons and about 2000 microns (2

millimeters).

26, The method of claim 24, wherein said directed multi-deflected broad ion beam has
a diameter or width in a range of between about 200 microns and about 1000 microns (1

millimeter).



directed multi-deflected ion beam, by deflecting and directing said

provided ion beam by an ion beam first deflecting assembly, for forming a

directed once deflected ion beam, and, deflecting and directing said

directed once deflected ion beam b.:%é?n ion beam second deflecting

assembly, for forming a directed twic® “deflected ion beam being a type of

said directed multi-deflected ion beam, wherein the directed

multi-deflected ion beam is directed. towards, incident and impinges

e A RS B eI UKL ! TR MERRMIDE fon bean

said at least one parameter of the work piece, for forming a s€t o
(FIavidline i thes Bidkdigcid endt-valepirbinieberntism gy saliisieflasted focused
ionSRighnmeasured values to said provided set of said pre-determined values,

for forming a set of value differences associated with said comparing; and

63b feeding back said set of said value differences for continuing said

direéng aridamugtipié ofieindetl edtimepofadidiienddaantifdeitbeed fobeadion beam
hasRUiNGeR) thawarkRieat Wtk aaith YaluesdifferareasaieMithiBEnanometers.

pre-determined range. 18. The method of claim 17, wherein degree of

selectivity of said at least one surface of the work piece corresponds to

saidadpograpiyyot thetabarkKpidbectht: Tk metipdd oficlalaii&linfurtihésn beam for
mi]ﬁggmrgsmgkr?@kg%égﬂg SEM or/and STEM imaging or/and

measuring of the work piece. 20. The method of claim 17, wherein said

para?ﬁé@é%mrﬁ@%rksiﬂ@ébw@é@f&\ﬂﬁ'@ﬁﬁéﬁﬂ@P%Hé Wérk piece, and

whergindgaidaealiissenmeas uiflg-ireledng use:aba transinitatelaatranicast twice

detector. 21. The method of claim 17, wherein said.feeding back is, . :

perormed SR A b L RS T Rl ot fon
of claim 17 byerereiareaisaslidfersteh i hideAnonéd ropegr iphiestithtotards, incident
without selegivitiieds Thénnasthadigfclaimcd 6 whersin fhe etk RIRGSidSion beam
ina station%éy (}st%tic gr fi)f;d%. onfiguratio {elati e to said dirgctedf_ fect
multi-deflecteer 18t BAnT 24 THE etHSE Y ¢1d S \PRerSin’iPe Utnistiecting
ion beam naliegbly.bfvadeitrrtbeannd (Bifd)ingilind, suchithatsdidadirdotetbrming a

multi-defl ec&ﬁ"gc{g(p &@@H@ﬂ@c@egj %CIB@QHP&HH 'QFFA%%@&%%% &ﬂ&ggg&ssembiy, for
deflecting and directing said directed once deflected ion beam, for forming a
directed twice deflected ion beam being a type of said directed multi-deflected ion
beam, wherein said ion beam second deflecting assembly inciudes an inner and an
outer symmetrically and concentrically positioned, separated, spherically or
elliptically shaped electrostatic plates or electrodes for said deflecting and directing

said directed once deflected 10n beam;
characterized in that the work piece is in a stationary (static or fixed) configuration relative
to said directed multi-deflected ion beam, and in that type of the ion beam milling is broad
ton beam (BIB) milling, such that said directed multi-deflected ion beam is a directed
multi-deflected broad ion beam, wherein said directed multi-deflected broad ion beam has
a diameter or width in a range of between about 30 microns and about 2000 microns (2

millimeters).



25. The method of claim 24, wherein said directed multi-deflected broad
ion beam has a diameter or width in a ggnge of between about 30 microns
and about 2000 microns (2 millimeters). 26. The method of claim 24,
wherein said directed multi-deflected broad ion beam has a diameter or
width in a range of between about 200 microns and about 1000 microns (1
millimeter). 63c 27. The method of claim 17, wherein type of the ion beam
milling is focused ion beam (F1B) milling, such that said directed

muI%ﬁefle d grﬁ be C%‘ a gectﬁzgerplultl é}lefle ted f%ggs%cﬁed o] daﬂectmg
e met claim wherein sal |recte multl e focus

asswwlﬁéaﬁvdﬁ&@lhl@imxaﬁ%ﬂaﬂﬁ%@wa@ewﬁémeeﬁ étseﬁitns said provided ion
beaRRRQMBHEHS; Atk @eutkaanemeaters. 29. A device suitable for directing

and multiple times deflecting an ion beam for milling of a work piece,

comprising: an ion beam source assembly, for providing an ion beam; and

an ién- bearhdirsetrrgoardpmulti-deflestingzas sembiynfolirditectingdamdiatdeflecting
asséBAR M@ﬁﬁe%ﬁ'%'ﬂ&ﬁwr@&w&%ﬁg%@sgﬁ B ffﬂrdféffégﬂfﬁ% %g'gﬁgéﬁgg said directed

multi-deflected ion beam, wherein said directed multi-deflected ion beam
twite drlestet e, THdianbealirreipTHyREe sticah e etaprgeathy said type
of dhie duetkepiecki-dvfieceihisaid iantHoeam directing and multi-deflecting

assembly includes an ion beam first deflecting assembly, for deflecting

and directing said provided ion beam, for forming a directed once

deflééted .J%%é%eaﬁdiaméﬁ BehsrA B ERrdARsRCHnYy sk rioh e of between
aboleflecting and:direciingosaigicisactednansr@gflected ion beam, for forming

a directed twice deflected ion beam being a type of said directed

multi-deflected ion beam, wherein said ion beam second deflecting

assembly includes an inner and an outer symmetrically and concentrically

positioned, separated, spherically or elliptically shaped electrostatic

plates or electrodes for said deflecting and directing said directed once

deflected ion beam; characterized in that the work piece is in a stationary

(static or fixed) configuration relative to said directed multi-deflected ion

beam, and in that type of the ion beam milling is broad ion beam (BIB)

milling, such that said directed multi-deflected ion beam is a directed

multi-deflected broad ion beam, wherein said directed multi-deflected

broad ion beam has



a diameter or width in a range of between about 30 microns and about

2000 microns (2 millimeters). 64 30. The device of claim 29, wherein said

ion beam directing and multi-deflecting 6Lctsssembly includes an ion beam

extractor assembly, for extracting and directing said provided ion beam,

for forming a directed extracted ion beam. 31. The device of claim 29,

wherein said ion beam directing and multi-deflecting assembly includes

an ion beam third deflecting assembly, for deflecting and directing said

directed twjce deflected ion-beam, for forming a directed thrice deflecte

on beam bt ot A AR e O B CER SEH TR boom o
miligig BEANCTE2IPReUBRAEEIST claim 29, wherein said diameter or width is in

a rapge.afRativaan vakesh 200 mickens and iabaut1200miciansiice assembly, for

millimeter). 65, 3.}A system suitaple for directiy; ang multiple, times .

deflecting AROUN HAAN PR oF 4 WA FiAUE: LeBHAIR i vine assembiy,
beam unit, ishéreitisaidor bestriviitdebivdes anlionbdahisobres, for forming a
assembly, {f. providincamnion *Rﬂ?i‘i@a&'%@@eif? @a@@ﬁmgé@%ﬂg&@gcte_d ion beam

multi-deflecting assembly, for directing and at least twice deflecting said
provided iofi BESHEY PG de BT HERP INRAt HRSMe BRI - Gesitace of the work
wherein sajdedirectectimediit deflbetedliontheamd indiiet@d dawasdsbly includes an
incident ang_impi ' face of the work piece,. .
wherein sa%ﬁir:)g%%ggﬁygﬁ%ﬁﬁ]\pggdg%%ﬁftiﬁﬁeﬁge%?ﬁé ga%?érﬁﬁ@? C 5151 3 (gﬁded on
ion beam fiPsteficiiigiagsefiisRcdorae feBarigdaieg bntsetipry Saidon beam second
providebd ion:theam, af%elﬁqlnmilﬂg aﬂmﬁégldmegedlﬁﬂg@md%eé%adﬁh@a@eaed ion
an ion beam secpond deflecting assem or deflecting and directing.said ,.
directed on%%maé??ég edion’ 1e§?ﬁc,Ffbvrl ogﬁﬁﬁaeé? mlrleceteé%& W?lcgead%‘ffegéﬁgdwemd
ion beam belHy-getigstediosdiepaireeded multi-deflected ion beam; and 66

a vacuum unit, operatively connected to said ion beam unit, for providing

and maintaining a vacuum environment for said ion beam unit and the

work piece, wherein said vacuum unit includes the work piece wherein

said ion beam unit, said ion beam second deflecting assembly includes

an inner and an outer symmetrically and concentrically positioned,

separated, spherically or elliptically shaped electrostatic



plates or electrodes for said deflecting and directing said directed once
deflected ion beam; characterized in that the work piece is in a stationary
(static or fixed) configuration relative to said directed multi-deflected ion
beam, and in that type of the ion beam $#illing is broad ion beam (BIB)
milling, such that said directed multi-deflected ion beam is a directed
multi-deflected broad ion beam, wherein said directed multi-deflected
broad ion beam has a diameter or width in a range of between about 30
micrz? \rf]eism?tgg i%l%oldt -'321"0’[(1)\96 @rgn%%u(% £ s”llim%te SZI' 3141' 'ij[r gr Sé%ﬁﬂ‘a Ogmc aﬁiare‘lr}ntainin
33, wherein said ion m irecting an muf%i-cfe?i‘eclhﬁg a sem’bﬁl 8
includes ard i BEaNT ERFARIDY BESEIhBp, bermxindcuit thacvolikepitipry whidein said
provided iopch@anmfonioimingawiregireextracieddRNAEsmn3mitl Bfd ion beam
system of claim 3§,f\{vherein sali f'on %F m dire_ctinég and multi-deflecting

af rd’Gé effi

assembly ifcittes AN TORFbESAT Sty 4 19" 6P G fisifyically and
and directingpsetitiditbcroditiwick seflettbdibarbednurfeltifokaingtaped electrostatic

directed thﬂ%?eg%ﬂ%‘?é&%iﬁ@ %@%%b@éﬁ&ﬁﬂp%ﬁfcﬁ%i 1%p§ucpfi§gégd once deflected

directed multi-deflected broad ion beam. 36. The system of claim 33,
further corﬁﬁ)“rig?ﬁﬁ’electronics and process control utilities, operatively
connegote:to<shitien theamiupié@ric isaieataaiabmsetit, Jofiprovidimguration relative

elecfroni r | id i nit said vacuum. . .
e SIS S PAGEERSRNELR S ST USRS o
unit Seldetat (RS tHBiggo s shisaisg drcaed okl prideitesiadidingbasm is a directed
mil|iﬁ@.ﬁi&g@mm%&cﬁi@7 baNerkANaER @@W&?ﬂcﬁmmﬂﬁ&ﬁﬁabemn has
an antjzvibration unjt, a component imaging unit, and at least one .
et SRS O eSS e AR TS GpR/ARg 0 mierons 2
conmadiedtiossaid vacuum unit. 38. The system of claim 33, wherein said
diameter or width is in a range of between about 200 microns and about

100Q microns (1 millimeter). ) L o . . :
34. The “system of claim 33, wherein said ion beam directing and multi-deflecting

assembly includes an ion beam extractor assembly, for extracting and directing said provided ion

beam, for forming a directed extracted ion beam.

35, The system of claim 33, wherein said jon beam directing and multi-deflecting
assembly includes an ion beam third deflecting assembly, for deflecting and directing said directed
twice deflected ion beam, for forming a directed thrice deflected ion beam being another said type

of said directed multi-deflecied broad ion beam.

36. The system of claim 33, further comprising electronics and process control
utilities, operatively connected to said ion beam unit and said vacuum unit, for providing

electronics and process control to said ion beam unit and said vacuum unit.

37. The system of claim 33, further comprising at least one additional unit selected

from the group consisting of: a work piece imaging and milling detection unit, a



67

work piece manipulating and positioning unit, an anti-vibration unit, a component imaging unit,
and at least one work piece analytical unit, wherein each said additional unit is operatively

connected to said vacuum unit,

38. The system of claim 33, wherein said diameter or width is in a range of between

about 200 microns and about 1000 microns (1 millimeter).



