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DI RECTED MULTI - DEFLECTED | ON BEAM M LLI NG OF A WORK
Pl ECE AND DETERM NI NG AND CONTROLLI NG EXTENT THEREOF
WO-@EEM21AMD BACKGROUND OF THE | NVENTI ON The pr eBE&FIL2005/000913

invention relates to ion beammlling of a work piece,
and nore particularly, to a nethod, device, and
system for directed nulti-deflected ion beammnilling

of a work piece, and, deternmining and controlling

extent thereof. The present invention is generally

applicable in a wide variety of different fields, such
DEREGHID 00U D TE-DRF UBITERION B EwM ML NG 0f 4 tWORIK PIECE AND

testin material s science, netr ' :

i or o FRERERRHNING ARGt Rk renlt SRERERY
invention is generally inplenentable in a wide variety
of different applications of ion beammlling of a

wi de variety of different types of work pieces. The:
present invention is particularly inplenentable in a
variety of different applications of preparing or/and
analyzing a wde variety of different types of work

i eces, particul arlé in the formof sanples or
FI ANID;BACI@R;@UW EMMMEMJ(M om seni conduct or

wafgrs._or [ : r 1. d I et h

PR DR o i 5 oG, s mor

partidul@lyies & mettededd\dayphdystedi, fecdirevgedanultiodefleetadion beam milling

of e{j ﬁg%?égéeggpﬁgﬁeﬁggggé% and lfortgt aeeg(t Ite? él?eggif? nl}%g)?ggent invention is

gen@ﬁalllgt %lﬁgﬁe ags Qc hvalle dvARB | JTabiffRst 2NEldS UBLAL a8 semiconductor
t hef eo are well known and taught about in the prior

" mamfacturimg oicnoeamalyyicali dedtingpriaateiialed scipage, t metrplogp.odithography,

.of establishing the. scope.. neani and f.i el d of
miarch e A B BFatonhe PRoeRmdttp it BufRly Biplementable
in sSWide GhRsty @€ Hiffdrérit Applicafion£L4ER bad miHB@RT adlide variety of different

term nol ogy used for djsclosing the present invention.
typeseikwekepiecesie rldierpresent mversipn is prtticylpryamplemenighlg in a variety of

R SRS S b B Sl 8 AR o o
workepiecdsapaticulapin thenfatrarof akmplepor enateriald, Isiich anthesé dérsyed from

metal alloy materials, polyneric terjals, conposite
SerpigQRHIFIRY SVATFTS 1 DS hateATe PTG WIE 1 b FRAYE MAbHedofkemplary
ﬁelg%garrpl e, for a work piece being a sem conductor type

of material, the work piece is typically in the form

of Bnsbenpl enitlong (atchifg)oof a workgbscdi(saniplt), adigating yan ign beam,
det%{iﬁgr Br? ﬁ%ﬁ%’éﬁ% lé(ﬁ%at\fll\’goaléf 18\_1/1\@)%% ﬁhg%x%gﬁxﬁ]caﬁ%s, a%H%rr]ac%ces thereof,
andr€lhRd 2nala¥édciddd sppiRhRoRrRlauBjeb@Nhéreét)Aarduell Kndtvn and taught

exanpl e, such as that disclosed in U S. Provisiagnal

abaquaire the pajoslartc and erandly widelsamadised. £pr e pmsposed establishing the
sco ,grg%qng%ifi{\é Iﬁgld’(s) §2gﬁg%g§&£ g)?{ilﬂeéﬂrggrégg gﬁ?ntion, following are selected
defafidrisciat ekanplagneagesiifeerniieglagy mgd 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 materials,

pure metallic materiéls, metal alloy materials, polymeric materials, composite materials

thereof, or materials derived therefrom.
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the work piece (sanple) using a mcro-anal ytical

sanpl e preparation technique is based on 'sectioningl
wm2006/8EgAENt i Ng' at | east a part of the work pPEDH2005/000913

(sanpl e) precursor, via reducing or thinning at |east

one di nension (length, width, or/and thickness, depth

or height) of the size of th7e wor k pi ece (sanple)

Pr g% lek@fipled Yorls ivdek pitCe BEInBTH Serhi¥OREic@r tPpL Ut fiakgial, the work

cl eavin flClng, or/and polishing, procedure

pieceig rtyca livrizdb@ iform af prsapalecderived ropl aswetesdifdpby waleryya wafer

or, subj [ ONHaH: I . ' .
el S PHFBI e, QRO RERE P ORI o) B v
micis-anab@idal edigpleliprepasition tdcheiqae, for ekathple, smch amdhat disclosed in U.S.

thji ckness, depth or height) jn a_r f en, "
Proyigional Pefens Applicatign &“%b%‘ﬂ?‘l%ég% filed %% §ﬁd3§mﬂﬁvle¢ Sample

: : o o RS . .
e
the Work Pieec Gsainple) usiagharmickd-aapl pticahsampli ppipetséion éevbinigug ys based on

,_refers to inpinging.an ion be onto,a surface .of the .

seclighige P SEEMRHIRe 0Y P a Bet g ngr vokereh GRS plifrsor, via

redddife SHrthinfiRigl fadssttoher @ifRUSbn qfenp®e, avidel, drfa@dthitkness, depth or
surtface, and therefore, fromthe work piece. In

heighd) poths sizecdfdhe wok piseel (saBpla) sieruEsora)Y HSiRg PR OBAPre types of a

ro ' k bk I
coffE St AR 6Pl A iR B legerd wor
piestO(skimpled Geadyl for gabgectidn td anatBedprooesspanaxafiph), iom Ibeamgmilling.
refers tg a highly ene tic, .concentrated, and wel|l
Suchor pEapared; AFkRISHA (%Wgﬁgﬁ‘éﬁ ihdeart BRE Q‘T?‘Ef_tﬂ“daﬂ‘iﬁﬂél width, or/and
thic‘ftﬁé‘srsf:ﬁeeptﬁ ‘¢ IBe@ﬁta)llih %Ut'aﬂ%_ O6¢ bdrWEBn IMOLE 10 InficioRE e Mou®BO microns,
I mpi nges upon,” and mlTs, a surface of a work piece,
andvinethebdimiensien mct range affbetviren lbauy 2 eillireters endralgiut B miligneters.

I syrfa ea rﬁm)val of material fromthe surface
—Mﬁw"" $Ean & #ﬁ;—%&—'ﬁﬁg 2 general , broad ion beam (BIB)
M | jonN2amahBlisg 60a FotkefiScefde el refedd® ihhsgih® s fdtheam onto a
broad ion beam originating froman_ inert gas sourc

e, _
surfage lof s wetkopiees, wherrhy, intgractinn jof the)igngbeam Hith thensiigrssleads to
and . Iyi t r j r
e AR e AR e e B et A .
fochsddsn bearh €RiB)ahillixg amalt troadalonftream HiB) millingaee oklltkinewn, taught
wor k piece. In gengral, ion_beamm]lling involvin n .
abouprng @i iFRENIYRT ©L19R BeAp; m@ﬁ%%&eﬂgp_ 6i-f eeges?f_gla?ocused ion
. . i .
0Pl AR SN GO BBl ) BERT MRS o bar,
origiaaterg fonf adiquidenetalr Sascee, suen abdiquith gallieme dwhioh ibdagident and
. '.etching' . .In.the scope.and context of t.he pr.ese .
impi RGP Brfinc ey o RER OLARATTPF i b AP P fpqpsed ion
beadt witAth® S@fack N6dds e tendvd] b MbRERNGoMPRRE s@ffd(of AEewdFk Fiece. In
wor k pi ece, whereby interaction of the ion beamw th

generad, bropd inndbepm BB} milling sxfers ép adess wacrgefic andslessefosysgd, broad ion
tvpe. of .1 val teral sur . .
e s TR Bl s, AT A AGE i Wcient

impiflzésagion)whdatills Othe bardade of alveork piate, wherelby int@actiod of the broad ion

eneral |y equivalent to .
bea%n with the g/urfa%e 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 piece, 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 beam milling
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the synonynous terns guiding, regulating, controlling,
and associated different granmatical forns thereof.

wabws/ 021958 ecti ng an i on beamis general ly equiRel/E2003000913
gui ding, regulating, or controlling, an ion beam In
general, a directed, guided, 3regul ated, or controll ed,
ion beam is direct ed gui ded regul ated, or

genelly rrefekstd, an fbnobeadl reideat dindt afpinging woinsa smﬁch ofa work piece,

trajectory, t rd an object, enti or tar
whqfel?ye.uﬁer é%@g% ipra {heRRIC Wi thg s % rradsi ©c n@uif#ctwe or a
selddtil € Q%erkﬁ" re&H{/eﬁ loft ﬂlaté'ri%g Hoat tgé‘ fR% oF U WO gifg, of an

I on beam may be acconpl I she y a wde variety of
Dzrelcti@nefmﬁgms of nmeans which are well known, taught

abtads ntheror .
o1 hvthe PRizs e inebe RRdRRR el dirdsihg g F s ——
the pbytﬂ)ﬁ@mod@f ted@b | Roidany, | eergum@gi » cdni@1ling! MandleidsB6ihtedd different
is generally equivalent to the sgnonynnus terns
gra@mmalrfgrm& épwpﬁg'rhw% disectingmliionybeage 5 genpralfy eguivalent to guiding,
nat n ir s
e 19 Bt S 1, BUARCTEUS B 2591, GEHER Pt o
conualléd‘-; 16@ bdﬂnllaﬂﬁectédagﬁmiﬁig vegulatedaiod castsaltddairedr along a direction,

di fferent., grammti ornms thereof. ghus, def | ctlnrg
axis, pathg Ar wAISHPTYs LYK F‘%P 35Cle BRI PTATES HEwi 2RGHAL y referfed to as a

Eku}!él@éé‘gsﬁéi Qﬁectﬁgnghlﬁﬁyg, Qégu@lﬁi‘ﬁgabi B&ntrcﬁﬁng o &eﬁsm bedn may be
alternatively, causing an ion beamto swerve, turn

accamphished hyral widsr vatisty af differant types iof ehgans avhich are well known, taught

abofl, L o AL O B ot ey kel

Deﬂ&@,ukt,mr)g,,lmawerw ng, turning aside, bending, or
devi ati ng E s ectively, of the ion beam I[n general,

an lndhe b eFiing ap iasbeamy ibewrm Meflgeting! is ganeradly equivalent to
the ggl%(ﬂﬁmo%g rt]éMS%e%}{%,atgnglgnyg’ Ii{l%épg@géeﬂé%,ﬁ%v Itf;n v {)ﬂl eg%::matlvely, to the

axlis, or tra
synpajousaptirases CU cdusajmtewq to cm@&nmhvﬁlde tdSeenise to bend, to cause to

devie. e s g PSR GBS $rap R cAdeampiietba By Jefecting
an Wn%aﬂxafs' g%'i1¥raﬁ§' eﬂhfvﬁaﬁ:ﬁ@fbt swofPiRg, RfmiAEaSRie V‘S@rﬁthgaro? dev1at1ng,

known, taught about, and Used, In the prior ar
ondfeamo or blemmtivaly, r@luamg dintien feainogi servirdum asm@p dend, oor deviate,

Beam. I n the ' .ot at an i.on beani he ter.
resRg el g ratiyeRia FarTigE 8 40 bR CO s e R Gue: bent, o
deviRETB rdspédiively, Olesillithg) hNGwOVingd! Qiife Aidd, ebadinge 410 .deviating,

an axis, or alternatively, to the synonynous phrases

respestivelyisef the mr'wamor I, gensaals an fen bpam is dsHpcted,i Gansad to swerve,

B AN, o AL 5 ARSOB AE PR o s

dlrdi:nb@nphh,amdss og&WOﬁdrbl,y régedtivalyentSuch deffetiiny @using to swerve,
spi nnj 09 i on beam on, around, or relative to,

turygg @sidgy b Syeripe, ehaniing bsami BaY feaprcomplisied By 2 wide

var%@ of dlf‘f&%ﬂméé’ & ﬁ{eaxﬂg Whicl SUREH KREwh %\%E YiSout %n% @4k, in the prior
axis, or alternatively, causing an i'on beam t

artoﬁmmbchrmandslplatndtccﬂmpbgtesvel y, on, around, or rel ative

n axi r lting in rnin r i Nni n
RotatmganIanB%a esulting tu g or sp 9,

In the phrase 'rotating an ion 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 turn, or to cause tolspin, respectively, on, around, or

relative to, an axis, and associated different grammatical forms thereof. Thus, rotating an
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respectively, of the ion beam on, around, or relative
to, an axis. In general, an ion beamis rotated
W@ ewbarwsy, turned (turns), or spun (sSpins), OPGCT/IL2005/000913
around, or relative to, an axis, where the axis is
either an axis of the ion beam or an axis of an
el ement or conponent which of di narily shares the sane
ion HRafh Bl gehRehllyCEqVAnt AONRfg 3% splidingdranbR@aNbeam, on, around, or
Mor eover, such rotating, turning, or spinning, of an
relatiye th @araxisn or aktnafévelicansngan yan begm entugry g Spin, respectively, on,
of I S .t u LSl ac] e
aco i, 6F TR0, i, BY Seilobyly B, IS, ¥ @A AGHR B or spun.
respctivety, an, axdundpfort Fdativen th)ean axiy, msulaxg Sinofturaing or spinning,
el ement or conponent which ordinarily shares the sane

respepiYs %l of Ahegiop SR8y A 2RI orrelative ta afl 8XSheam  Such

rotgt %frﬁgral,téﬁ i Gear®'is $Htaf2A (;E&tate | t@ed QRS2 sPih éspins), on,
I's, may be ‘acconplishe

around, or re atl_veto, an axi s ) ) .
aroimd, becftativg iesinkaxaumwheteathg bxis adeither amaxis of the, ion hearheor an axis of

rior art of ion,beam,and, rel ated technol qqi . For .
an %?Bﬁﬁloé ,cowoqeé)? gﬂcﬁlgordllnapwl sﬁ@r,es e sgﬁeﬁﬁ?thag ,%mgierﬁl%%al domains as
the RGPHBakR UVGR0VEN §Jiblﬁ%ta@ing,ewhﬁﬁg,(2fr spIRaREDPbYanMonWeam on, around, or
generates_or produces the ion beam on, around, or .
relatige i1, iap @xisocorepspends 40 angilariedisplpging theror haasm on; groprgd, or relative

Lankfi t 41,0, POj Nt t e: | e b S
o, BSPH NIBF a0 R AR ORAREBP s o et o
congvnentovhiblh grdidaril skearecthe smhé spatiiabgrdatompbialiddmaink agthe ion beam.
erspective view of an exenplary work pi.ece, heing a

P , ;
Sugly ptating, Rrping, o SRINBINEs 9h) Wnbeary, ok Arqugds orelative to, an axis, may
! ! - 3 . .
be %Ubﬁﬁmoafnig%@?@&& kﬁBwﬁ{'ﬂa A¥bUTard A fiRGRe pMbd &t Bf ion beam

maski ng el and sel ected features and paraneters
andt tetatabfechimdogiedhy Far sammple, hplrdating| eweing, onlpinpinghen ion beam

sample is tQ be subjected to.ion beamm]lin or.
soufZhste o5 gy Sevih BhavEmAD 1ot RRBiEs of sepls, hegn beam, on,
aro 8B P k&lativdStoPa hxi9f hoWeRBR lih Bigtht dagess aMPkigniflRant to point out that the
m cro-anal ysis, or/and as part of analyzing the

iondgapliestationanesiatic or fixad)orlagive by thg ien beapnipuitses of i on

beag nj I | ) : is Lim
a4 DBl /ARG R bbb Mo PO an premplary work
pietd)deingld Bpicab pfeoprepabdsanplerdf st pariowbf aspmidondacbatvafeg or chip

to preparing_or/and anal yzin rk. pi ece: )
having & Rhdacs (b reag clments ded sepcted | eﬁcﬁp@r@g@grs thereof,

| R i o et 9 i
helén _%%ai%h’{;\)})% %ol&& él&ﬁéﬁ(t,g\svﬁ%ré tﬁ@sagrgﬁg is o ®bels@bidbled 'té ich beam milling,

pl ece, epth a site specific target
forwkarhple, bhenplemeniingethe, presedt inayntipnaFirtexample, e pait lof preparing the

syrfaces of the rk, pi ece,. i ncludi,ng control of
sargyl L EForgpabysre et BB L ahREE B o ¢ hus a
neefnplehentdfish of pidklagt REnAHER! of AAVBRLhAGERNE bPaRNR picce is
_a nethod, device, and system for directed )
limjtgd thy- ahe friabilite do i sinultangausly |andl regtaspatigallip arhigve dhe following four

n ermni o . . .
RSP0 A DR TR ARSRE ot s
or thixples<abh @edtivnaofithd evorkrpiciey () fabilit fteevate # isitt dpecificiediget in a

.as. sem conduct or nmanufact ur.i qu m crq- anal yti cal .
mlllleéiswq)r#g)’le%.@é ﬁeaqhsofﬁlgns‘ggglﬁ reed| vblgyp the Yvﬂg(gl?lg%f,{pd (4) quality
of HeChAMRCHALETof 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 milling of a work piece, and,
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and nanof abrication. Mreover, there is need for such

an invention which is generally inplenentable in a
wowrae/oyass ety of different applications of i onP@EHEN05/000913

mlling of a wde variety of different types of work

pi eces. Additionally, there is need for such an

i nvention which is particula?ly i npl emrentable in a
detefAinifg ¥n@CoklkdIfifg exdentiPRlcof AtTheRSs ke fR Rath BE iehBOE which is

analyzing a wide variety of different types of work
genprially egpplisablei dulaantige i yariehe dfodiffesents feldbesudy as semiconductor

terials,. su ' . j ot )

s S i A e, S LERT AEERIHS, oty mice-
madhivlhg dreichads Eibpication. f Makrétser, ShyARYMeddfof IdicH MYEINEhEDh which is

The present invention relates to ion beam m#,ligg'of,a
gengighly Amplemsnipblegdna wide varety of differgns agpligatinpsef igl beana milling of a
w1d%ﬂ%rﬁ§§'35§??fféeﬁ'% ¢ Jgiqgf: \ggﬂgﬁggsd egglrngiegag% e REQAB for such an
inversiohr whichng mextieddrlyt repleokentableeinpa emdnty ofddferéns nappbications of

eneral ly appl.i cable in.a w.de.vari et f different . .
prefiriesant aghyALE Sduite Ae S AR Shgh B ik eS, Paricularly in
the Thth Of 2AMpYs| drahafefals] Bebh APHREE AbSvRICTBMCRLmiconductor wafers or

netrol ogy, |ithography, m cro-nmachining, and
chipsa that atsrwidelyiused intthe abevesadicated oxemplam fidddsgener al | y
i mpl enentable in a wide variety of different
applications of ion beammlling of a wide variety of
SUMMARYEOF THHBSVBNTIMONK pi eces. The present invention
IS farticulanly i.npl erentable in a varjety of
di f

b gwesent inyeation gislatest t9rigpabsany milling, f o 3uslaehgand more

paﬂ%ﬁﬁl%"{’ﬁg b Sthd, agNibd, 30 Bl PRP dRtePhkIRUATRR ion beam milling

particularly 1n the form of sanples or materials, such

of mwotkhpiser, dad, detatminiogaseé vomoibing extentvthéreos the prhsqms jnvention is
that are.w dely used in the ve indi.cat ed exenpl ar!

gene e o SPPURABE® b Pl el « e ifferblindichisy HER o setniconductor

mahlTBEtBrihe RhieM-SRKtRaleehath f flatedialseGeREce, metrology, lithography,
multi-deflected ion beammlling of a work piece,

.

micsermachisiing ang nanofabricgtion. 1de MoessRy inapRfion is @enerally implementable

. . t i fl ' rOVi ' for ¢

o SR B ) BT or

typehef dfgkapi.E:&ﬂ: gl".ﬂet Ibresiaaﬁf irehtich isopuridadary i‘énpld::rlhleiﬁhlﬂd in a variety of
_towards, i.ncident and inpipges upon, and nmlls

difts{sf apalicafiontel REPRIIRS GERNd ARRYHRE Agids werisPhel Al types of

wo?{) ?1%&% g%@é@%&'iﬂm%f LBSIR drsmBEAME dgidh %%%SQ Qfrived from

di t e I'ti-deflecting a provi ded i on beam

sentioorphic®r ngaferdi aredtips ghatnare avidblyastedt ini the abbefd @mticategd exemplary

f fhe provi ded ion beam for formng a directed
eld3| ti-defl ected i on beam by deflecting and directing

t hemﬁsg\éi:&ﬁa!in'gqa the priserdtAhvdrRibA] ﬂﬂreaisg;lrbﬁa&&qxﬁaﬁ@d for directed
defl ected i onbeam and, deflecting and directing the

mulij-deflacted iom beard efillingtafc Work piecerromprisipgrppYiding an ion beam; and

. di.rected tw ce.def l.ected,ion beam bein e of (th .
airfipgahg i flheichenEalgiin: BRoREAToR Redt fr i Ripgh chibfied muti-
defiReidhion bapeGiheddin tthe diease multitiedBétedion bBgh s iddrected towards,
. provided a device for . )
incident and impinges upon, and mills, a surface of the work piece.

According to another aspect of the present invention, there is provided a method for
directed multi-deflecting a provided ion beam, comprising: 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, for forming a directed once deflected ion
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directed nulti-deflected ion beammlling of a work

pi ece, conprising: an ion beam source assenbly, for
w@emeiozioryy an i on beam and an i on beam di r ect PEII20€5/000913

mul ti-deflecting assenbly, for directing and at | east

twi ce deflecting the provided ion beam for formng a

directed nul ti-deflected i on®beam wherein the

beafl, aRE,! &le dg andl@frb@figelle | didcle8 BMcE ﬂeﬂédt&ﬂdhdbéaﬁy\/&bﬂ%rmmg a
i nci dent and i nmpi nges upon, and mlls, a surface o

direid teideFees ongsedr gy boe ahtifiteciad puit-dsfedqprbion bea.
di ré(gc{&cghgm(f H@tfgg}falsé%? iroﬁ tHe rQ%egg ilnggxgml%bﬁﬁgé ﬁfﬂr&q{led a device for
dlrdbwﬁpﬂmlal-d%@ectadh mmhieahemmldg bea WOlfllg pizoe] comiptisingedd wattieam source

f di t d at def |l ectir .
aSS?af}Sﬁél)e’p %Vpragﬁﬂ%k,ﬁgé%m@ qng gnﬁa agegn}j }rg&nggande cr:nulltrll %eﬂectmg

assﬁ]flglgctt’oﬁl %ﬁlje@t?ﬂogegld ANed® iWﬂce \ﬁ@ﬂ&fﬂn@ th ngrdvﬁfédqgﬁ‘%am for forming a

mul ti -defl ecting asse i ncl udes an
dirdcted bm&rrdéﬁlerosetd diaf beamj n’dlea@sethbl @neCfedr mgpdti- Idethtenig igndeam is
. dir i.ded ion bea
dircle g gn e P P Raget Sroo At ha SR ofouprk picce.
secRishrilaf ke ahdther Rp&k BPkhe pré®ht BREAtREL tHege Biffovided a device for
directing the directed once deflected ion bheam for
dirgetndninylii-gefifictig e Brovided ciog dierey cemprishghanriph dieag directing and
f n
muky @gleg&rl%gg gmg)'i d t ggh{agg 61t1 ag(‘f alt ?g%?gvrvigge%ét?ﬁ g th the 8rov1ded ion
beai) édirefortﬁmgraahrdd&d rmalﬂydﬁﬂeabd Exm leHane etheckin the ion beam directing and

defl ect eam.m | | ing. of war k pi ece, .
mugﬁﬂeai%% @sse@fe?x RS amAn (OeaREk ARGCHRE St mhlarfor deflecting
andUfidctih® Alelsl85idad idPBeAE A0t RRHITCa ARSQEPbYce déflected ion beam, and

provi dfng an i on beam 'and an ion beamdirecting and
an mnl bé¢and eédoed tdeflgetings assbinply, ffor deflacting iand) dinecting tHeediggcted once

oo e ST MobE LU S RERE e B e of

dirdbtddafititiddemeticll isiEbdagtt ed i on beamis directed towards,
i ncident and inpinges upon, and mlls, a surface of

t heAsgsrdingite aeotherrrapect 04 heurressnt ety thersisipyovided a system for

: a
dlr&?&p@ﬁﬁ &ierﬁegtghgg% Eg%ngﬁw ré" zswoi‘l?gleg% %hﬂ)lrlggxgeg?n 1(bn beam unit,
wherBdl thhaotmﬁkmpnﬁc mcludeemaiion bhﬁnmutmmssmnbly; fmlprdﬁdmg an ion

e work piece., . Accordi rt.her c acteristics
bealnh aﬁf‘éﬂé?‘ﬂ bgare rﬁib‘@ﬁﬁ‘%?ﬁcgg‘ﬂhl' cfipg é%ﬁﬁf@[v Jersdirsoijag and at least
twibe iOéctihp %é%‘l%klmflgﬁ bbsh, forGbidRs aecin%"éfeﬁq{]hlﬁsde@ﬁgted ion beam,

process cont utilities, operatively connected to
whergin the rdlﬂgetaMthltdeﬂn@ted dort beany éscdivavtadniowardspmcident and impinges

rovid el ectropj,cs and abl i cess..cont rol '
updly 8§ iflY arvuaed SEin il EREa LR Shoutth 0 SRRy g g Rhected to
thelin bedrh Ralt, fob PEAGAIAL 2Bl ingeSnthitiry @b&fuhﬁﬁe@mﬁmemem $hedfon beam
the invention described bel ow, the system further

unif prs} e eeriapiche aderein dheaghun awitlingludes tha-wer rigces r om
t heﬁ%&o‘%&@gf ﬁll’&ltel' Eﬁart%ten?tlc\épi B&g@glgeﬁa%rg%% %Ig?t%g&athg 1nvent10n
despﬁBd:d belawn Ghel sly§temafurthet iinsliudysaélectoniosi dnd provespongrdl utilities,
i magi ng unit, and at |east one work pjece anal ytical
opqm\tely ABRGSHSd dndhe e heABn ANt 9 dhe p@Fwm @iy for providing

eleSPOHIESD ezgld 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 further includes at least one additional unit selected from the

group consisting of: a work piece imaging and milling detection unit, a work piece
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to the vacuumunit. According to another aspect of the
present invention, there is provided a systemfor
wal2aeo2ies8 nmul ti-defl ecting a provi ded i on beanpCT/IL2005/000913
conprising: an ion beamunit, wherein the ion beam
unit includes an ion bean1d|rect|ng and
mul ti-deflecting assembly, fbr directing and at | east
maﬁéﬁ\il&tﬂlgdzﬁfdl ;ﬁﬁttioﬁmgtmﬁt BA gﬂﬂl @ﬁﬁaﬁdﬁm&@ar&bmfpaﬁel{t %aglﬁg uflit, and at
rected nulti-déflected i on beam the ion
leasty pn@wrlﬁglewmwlqal unibfwhesein pgchaadditionia) unit ds mgtnmlv connected
beam first deflecting assenbly, for deflecting and
cuum unit
Sct ng the provided ion beam for formng a

di regbaling tcshoded lagsdceof the prdse@hvention aheteds pbﬁ/&md a system for
second deflectlng assenbl for deflecting

dlreﬂﬁeflé’é‘flpr?& eetne prvided iom GearaeqomRItsing: 2B r&orbg%fml upgy wherein the

on SRR EAGCEL i S50 B L AMDGAMEIA, o g
andan idast twiesr wﬂecéhg/ thequorddéd tbnt teath éori forming anditacied, mbloirdeflected
. _provi |nta|n|n a vacuum envi,ron for. the

fon By ih, e ReeioR i 3B Bt S BT Meg adas Pepm frs
deﬂEétﬁfgeﬁis&ﬂbm&d HomRtifg Qhd tdiRclif et pRRidéasien iveam, for forming a

bel ow, the system further includes electronics and

diregtedcenrs deflecied] iont beam,i el appien dheare sscopd rdnflecting @gsembly, for
deﬂsalr{ﬁ eglr& cP Fe%f[he% p{e du%g%dto%cé Hceeﬂaec%%uigﬁnbgﬁht for ffcg)ljinm% a dtlrre%tf:d twice

ng process

defletted tibe bleam lhaeﬂgmuuyp& oartlde infdtizdefledted it beardC amd @i vEguum unit,
to further characteristics in preferred enbodinents of

opefativelynGmerteh tadbe riphdgame iy, fof HEOYdingepd MmaiHaining a vacuum
mwhﬂﬁhHQQ§r@&1&F9§&1&ﬂ? addi tional unit selected from
e group consisting of: a work piece inmging and
ni | Acaogliogtteclinrtber ulnaraqterastm nk mpefered remmhoduhertts g thednvention

si,tj Qni ng unit ntL- nunlt a conp
desfihig; bt e St are el HesPRnisF el BrodRy, g weiliis
opettivkly %‘xﬁfe@!eﬂ faak asfibkhfnalit WAl tol $heORBEAML ity for providing
connected to the vacuumunit. According to anot her

eleciropics to,gnd ten@lmgeg@qws conirehet, g, ion heare unt apd ghei vaedurg unit,
mstk(?cor% ﬁ eﬁfﬁlg[] nﬁaqgcta‘?s%cg q{n]t rgilel'rleﬁl %n%gdﬁﬁéntg f ' tRQ mventlon
beam m gng o1 8 WOTK piece, doRprising. provi din

desatiedelqw,ahel ey seerifmitbrindiuds avfleast oﬂeemllitumaeumarsaamce from the
of the work piece selected fromthe group consisting
grogp copfiptinignebsa gyorknaiesfoipaging ced @Ephs dstection Hnfler Work piece

mafplidifle WUEPARICALTY GG an AR IARRAT ALK mpBhol ARk Uit and at
leastnoht iwodlle pleee hraly ficah uhfk,awhem:llnl daply additiommd uniirik opéredecly connected
Si n% a nethod for the directed nulti-deflected ion
0 PRI Y g of a work piece, including the follow ng
rml Reck @RS to Mher%@ﬁ@@ﬂ?ﬂﬂ& %re@&?f 1ﬁ%'?1ﬁbh ahérelid | bl%%lded a method for
thereof: providing an ion beam and directi ngi(
det¢rea@ngtandc@r@r@illr@c@xtn@; @monpbeﬁm delélmgonf [Bewny mﬂce comprlsmg
ted .multir-defl.e on bea
prop QiR Rl pL e MabEE ot R e e, BFRREPE R work piece
seldcdeftdif thd grouplesisiding of MBIRAES of the work piece, depth of a target within

the work piece, and topography of at least one surface of the work piece; performing

to tl}f\é

directed multi-deflected ion beam milling of the work piece using a method for the directed
multi-deflected ion 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,
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upon, and mlls, a surface of the work piece; rea
time neasuring in-situ the at | east one paraneter of
wo bweromioks pi ece, for formng a set of neasur edPEIT2eE/000913
of the at |east one paraneter; conparing the set of
the neasured values to the provided set of the
pre-deternined val ues, for f®rning a set of val ue
whéikih S BRE&Sd ﬂ’ﬁl?t?ﬁhﬁéc%él ¥t 1%1'"1@ RERAHWEkds | BEMEM%and impinges
ack the set e val ue ferences for contan|ng
upohhandomillsy arsurfgea of ﬁmtw@krmectel, rehd ftingec tneabsuriog ibedwthe at least one
mlli of t i.ece, until the value, diff
parapetes, B ek P B P bg A S Mgl BtTaf g, of T st one
paratrﬁlét&h eforfhpMnBC HRY k&L bf Sthé NmBAstteY Mafies N30 dicpRdvaded set of the
he invention described bel ow, the degree of
preglmeemmedu valuest foheforminge assetopl veluer differesices nassqgiatrd with the
configffig; BRLERRRRR: S8 Ot e ARROUIRHS CRAAANGRE G performine
direted 3euiti-defleand l(ﬁfbdaﬁl initfihg ot thicadork \piquey il rthengalue differences are
procedur es and sub-steps, in a manner sel ected
Wlﬂflflérﬁr?‘ﬁ%teﬂ?‘é‘ﬁﬁ%r%ﬁ3| sting of manually,

Serﬂc&lﬂ&lﬁgﬁd) ﬁﬁh&ry chafréﬂtérYsh@é‘tlﬁ MRtfeall | Smbdddefts of the invention

conbi nat | ereof, 1 nvolving use and operation of
e;ylseﬁebnlmm the, degyest dnseénspbvuwotf she deldasteene sigasatoifithe work piece
e ruct ures
cor IR L RO, TGI8 O Oh (RGHE Ce GLPAPY PUGELes of the work
pie@ccessories, and naterials, in a manner selected from

the group consisting of nanually sem -aut omatically,
f ul The pregeohiavention [is/impleraendedcynps rasirfosmingrprossdnesss steps, ard sub-steps,

in %{%E\ﬂ)}é? selef@Eg o% e ¢ @C%&?s%stlﬁg O&eﬂl% z?lg %%rﬁpz?utomatlcally, fully

-steps, System uni Sys sub- uni

aut@asaldy, iafd a combinatiaathtredb® mvotmcgmmelaadnpemﬁwm@ﬁmtaﬁ units, system
conponents el e

d peti pher equi pnent
SUbHRIRs (eSS  GHEBERFS, oS- SSRETM i or PEGRan S (PUpiGtes, components,
elethBRY, %ﬂ&gﬁehﬁﬂerﬁ ] gHeﬁH W8l MRESIREY aftf mhiBald) if Gl RRREr selected

I nvent i the procedires, steps, and sub-steps, are
frompetheogmopp @psistingngf Hraarmiably, e$en$teﬁutqmat@all)orﬂuam dauggmatically, and a

I,nt nation t ereof ) sten1u
cong i o f LS b e Btk prbciduh SE, Bt sysem
unif¥e Gy BMS Fhb-ufits, UGdvideSS asséﬂ{m@@eﬁﬁlﬁass&hﬁlﬁ@mrﬁechaﬁ%s structures,
perlpheral eqU|pnent utilities, accessori es,

cormmmts,am@nelﬁp engy Eerwpera!s PEPREawlites, acsessapgse ancb myatenigls, used
for emeﬁt%g‘j‘é g%n? rﬁ'&fdﬂﬁ&ltt& %ee@%cloéea ﬂ%nhbt? %@ h{olcgc}]ures, steps,

vvare enent esent I'nve

and sﬁlblst@@ sropeafoined by Using hﬁlﬁ%&d sﬁl]\dalfeumﬁndom 1ﬂ@gmtédt dogitbination
printed data, i.n the formof software pro {
thetegfit gt ahe SUYSRUNitss SHEGRIr SOSUHLS, i ICHB S 2558 Pligha Sb-assemblies,

meShATRAs! Csthf?:ﬁ%kag@ ﬁféﬁ V"aélgrg?rﬂ%a : éOfpte}‘}?ﬁe‘?ﬂ equlgmfnt, utilities,

instructions or pro 0co e al'go
accessomsblandt meterislseopayite biancingrlkardwant, fsoftwarep | erfaprdt amgntegrated
P Eent i nvention includes operatively connected
con&lﬂaat n thereof.

In particular, software used for implementing the present invention includes
operatively connected and functioning written or printed data, in the form of software
programs, software routines, software sub-routines, software symbolic languages, software
code, software instructions or protocols, software algorithms, or/and a combination thereof.
Hardware used for implementing the present invention includes operatively connected and

functioning electrical, electronic, magnetic, electromagnetic, electromechanical, and
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functioning electrical, electronic, magnetic,
el ectromagneti c, el ectronmechani cal, andoptical, system
WQI2i06821958/st em sub-units, devices, assenblies,PCT/IL2005/000913
sub-assenbl i es, nmechani sns, structures, comnponents,
el ements, and, peripheral equipnent, utilities,
accessories, and materi al s, ich may include one or
optidal( SystanTuits; IsyStBinpsub-inits e ddvades Jassérmnblids] sub-gds@abli@) nfechanisms,
circuits, electronic sub-circuits, hard-wred
StrugiuEss; CPRRPNEAS, cUPPENts.orch rReTipheral 1SAPIPBIREL {iiigf accessories, and
I
matirnMg \)ghlﬁg Ig%}gi[ﬂ%@dg ?élégi%?n?r%\?égn Iugeg%lﬁ'lgi'sl GET%rrrp eerl%ree(rir cgau%s electronic
circuis, r{pcannicrsubgiratiés hewipwired tlectnicalf citchis, jonand dmbmaberd; thereof,

oftwgre and, hardware. BRI EF DESCRI PTI THE . . .

inv QLR a1 A CBUE (IRTEONDn ASCHEM s SFvBRg intsytion is

1mp\1@1¥en@éd Y aNPhE afNinfogritbd ohMiRBACS HR 1[11%? described software and
acconpanyi ng drawi ngs. Wth specific reference now to

hardwigredr awi ngs in detail, it is stressed that the
particul ars shown are by way of exanple and for
pur poses of illustrative description of the preferred

BRHEIADBESCRIPEION OFTEHB DHS&WINGS/ent i on onl y, and are
presented in the cause of providi ng what bel j eved

o He prREnhyYenILIS lerein dercaibad, lgt/ WAY @? §>r%ae only, with reference

| o
o L4880 o i PN TR i
strebsed rthateth¢ parsinotarssshownt are &ly vkt aff dxample srivefop pegmaes of illustrative

destr Al PR ST SRR OF o el ENEP{sih Oflipind are presented

in tHeeaide 3t ROViRIEERhM ik belibRd0oN e SmoRKIsERI aRPAERNY UnBerstood
those skilled in the art how the several forns of the

desq:mpm)mqf de prineipies andinoareual @smgcmf ithaopresemt tnfyention. .In this regard,
no gt[e ade!: {ogshoav étﬁlc&racﬁ?ﬂ? edﬂrgs%é?mv%t{o%sbrn%re r&gtael than is

pec Ive View an exe Iar I ece

necé%@ﬂyctbr aﬂhrﬁ}aﬂfeﬂpﬂihﬁ@erstaw}lg oﬁfheanﬁ@ﬁibholfhe @Eso’ﬂptron taken with the
sem conduct or wafer or c¢chip havi ng a surface
?

drayiigg imaking appareny to there sklfeddn dbe 3rbBevithessexrral Waﬁéﬂerlgvemwn
der el ement, where the
Inwigﬁ%ﬁgsqwé“ﬂ;ggg%gu Jecte%w?%gron beanrnilling, for
ex drigl kjs dychemplie diagtann gilustrating & penspedting @itw ofign éxemplary work

pieffy BB ahsPyal Bre wsfyasfl SRR 2P mFISHEL § SrEpdhetor water or chip

havi @ k@ fadel (Witha indsldng eheatdat) andl ‘sﬁ&!téﬁ'ffda{dré’ss&r{@ﬁdrﬂrﬁet@rs thereof,
side view of an exenpl ary preferred enbodi nent” of

heldiby eseglerhsldar etstdnscwlare thsrsabudgrisitp beishgjeesed to iorbieam m‘“mg’
T Y T —

sanipid Rl infiGrotdhalyRR, ¥Wdrld Ripaaefian@gring tendmpld; | i ng
detection unit and the vacuum chanber assenbly of the
vacki@n? uhidt schematicaiagrane diustrating pideoriewoot #e cxgsmplary preferred

emlpdcﬁ‘rﬁgnta%'fi Birdl %ﬁgtd&ﬁég@é ’ lohnb %‘ﬁﬂﬂg €othyl hv&rp eplece and,

resent 1nvention, emati ¢ dragr
deterhhmmg reaukdi crgltmllmgdepmntetherﬁof apamc@axdﬁtshw/erg tshermnolrseam‘ 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;
F1g 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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the exenplary preferred enbodinent illustrated in Fig.
2, particularly showi ng anexenpl ary specific preferred
weoded2eemnt of the device, being the i on beam RI/1L2005/000913
including the ion beamdirecting and nulti-deflecting
assenbly, for tw ce deflecting an ion beam and
showi ng an exenpl ary speci fil® preferred enbodi ment of
exefdg &iftl FefericdRe bR oftHe! deVie d&‘i%ﬂhb Q@b5h Héﬂd um't Jncluding
cor dance W|th t he present i1nvention
the smh bean |d¢redm1@md1muutk-dsﬂ¢cang ragsealléy,dfér W@w d@ﬂetttm an ion beam,

Lrected nulti,-defl egted d on, be | rk

and RSN el i gt BT ient o s oy e fmaging and
mllhﬁgﬂﬁ@cftlonldnlityﬁltefcaétﬁdndeﬁmﬁiﬂl‘é redefdlvéhtiopar ti cul ar | y
sh ovvlng a cross-sectional 5 vi ew of a nore detail

confientifta $0é9@at1%aagriaehlll@fstratm s vgW b dhedirqckrd multi- efected
. | n [
o530 W, 1) G5 D ODERF 55 OO0 s e
illufteated w Efgsdéfdrﬁlcfi lpaytlaﬂadpshd)ﬂag]a cmsmtlomtdmmk: wietvhof a more

e prese ention;. Fi 5 is.a schenatic djagra
detgife pmenprn deve! SBicathe Bevire iR B erreant ik 17016dhe the on
beaHJr‘lcflfecﬁ'@% | Gt %ﬁlmsaeﬂ&%@ H!;éeln'bl}% Sfucur¥®r dndPif@fcional for rwice
lustrated in Fig 3, particularly show ng
defbntn@(@nphéaegmsmeﬁ@wrd@nqgr%ﬂmhﬁ@desemtbntﬁmﬁ@m of each of

t he..i on beam first f ect in ssenbl

be a]t:‘ﬁgs g a8 IF%%‘{ aér%rgs H%trsmg & &Jsgggwe U{evj 3¢ the directed
mulifdéTledicdefonl Beandndiling tof- dlefdrkCpiedry Hasiendd ¥n dfigs. hE 3, and 4,

ion beamunit, structured and functional for twce
partigflarke shayyng an esemplagngperific sreferer srbodiment efrach oé heripn beam
firs Hé’fﬁ'&khg stlan'ngz} éi?ilﬂﬁ éorgﬁeﬁlg? gelgégc? ?é@cbﬁg%s%?fb?ﬁncluded in the ion
beahﬁtchltecm’(giland amglti-def)ecing usseneblpfofathel am beam vhit, esttuetired and

and I ti-defl.ected, ative to narbt
funQinel v e Ha P EitTe g et g asaofings PR thebigtang invention;
Pi eE@s. 6 - bBard idheinali® QiddeaNs %%Edhspnhﬁeatﬁﬁgs@ Bbﬂsp;ecﬁrael view of a

the Second ion beam defl ecting assenbly, corresponding
rotatipnal @mg@l@t)eeﬁqumcc of gofipedean divsnted cmeh mylpededlected, relative to an
ol SE S, b AT A b e o oo

defRostifig aaereemil)s afldl tB€ tsesbntiOMoAT tibam déﬂdcdﬁgtasﬁmbly §urRgpsnding to a
~upon, and mlls, a surface of the wor
direggedoviemdeflagiedron lbeamp tycetftd lreﬁtﬁénwlarfieﬂmtgd wpabqagl which rotates

in & ?J}l%g%?i— b%t\géeﬂgd°azm MOH %}6@&1 tﬁg 1&1 Eiﬁlgﬁﬂlk V&ldclﬁ Qﬁx%ctg@ towards,
recte mul t1 - def twce or t
incidlehd @l ieghinges mpbe zannd diitle,c4 mlfat:emﬁthésyork mmod,emtacamdance with the

i mpi.ngi ng upon, and nilling, a surface of a first type
preé?mggﬁ’% ‘g'hpl ary work piece (a generally shaped

recianayiad schbMBtic didgfahl H}ﬁ%ﬁ‘étirbg SHAWeBGve ﬁb?etl'qy Fiew of a directed
geonetri es and di mensions of the 1on beam the

mutirdéflected @midce loe MOck cmﬂected) iion deewr daeated waards,h éncident and
t di
imRPEing egh HiT S pedtifal o But I Phaf sRe BBl bk piece

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
invention;

Fig. 7b is 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 second type of an exemplary work piece (a
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mul ti-deflected (twice or thrice deflected) ion beam

di rected towards, incident and inpinging upon, and
wonredob/hrigss a surface of a second type of an exerpi/HRY05/000913

wor k piece (atypical sanple of a portion of a

sem conduct or wafer or chip vvherel n the surface (wth

a mask) is held by a sanple kol der el ement, for

typiSXNARIpR o4 Pbhdh df $ehdtorddubies iaddrast dhip %h&emlt)ne surface (with a
particularly showi ng relative geonetries an

mask) ireield bing sempletheldes alemeainfon aramplp, pieilar tcaﬂ@t Hiystraied jo Fig. 1),
rtgéu?a(}fy' shounrglg(l)e{t% Sm\é{&eg Hi] én%fo%@tof 'tlﬁ:V%gtb'eQrﬂ th%'s rface and
a ram i e View
the WRFepided, an h@ﬁrdaﬁteswah thoef pr"ef@t ﬂwenitpinar y preferred

enmbadi prent il lustrated i .2 partlclarl sh, | Ng .
an it afgheapie ﬂf%@%elﬁﬁgﬁv%a B3R HEhe Mor? dpfaledyyptsion of
b t u IfigChi n@mﬂl
e e BB R LB oty showing an
exempiarbewaﬁ@mbfamcbmhpdlmeyt gﬁém fondaepnemgt,rledudmg the ion beam

odi nt of, the work n
diregBRg o it eind otsteRtiSndat Wi BrARGinE.ah (09 beam, and an
exehﬁ‘)‘l’zﬁﬁfsﬂ)&mc Prie@rred entbodinféi @ BHel Worlti c}ﬂ@d’ edabink Wit meaillingAetection
a side view of the directed nmulti-deflected ion beam

unityin aqcprglapge withgheprpieatiaveniiod; det er ni ni ng and
cong.r [ i1 [
8, n%g?ﬁ% Iiscépu%g Lﬁ'pglag{&ﬁ{ ﬁlglgt’éartgl Saf'szaef{: ?F%g’g ltﬁ]s E d&‘?ed Iﬁulﬂrtg:ﬂected
ionabesAr enitlRigabl endmﬂnmmemand edetbrmviaing amd @bntréling Gaxtent thereof,
beam unit, including.the ion heamdirecting and .
illusfrated iy Efaseetamgﬂd RATUGHITY Shqwing (& freEs- SHHOTAL L Wi of @ more
detzil% dotd éfbﬁerﬂe@{f@%ﬁ"&l efl tHeoiBn hﬁ:ﬁﬂ‘ udif) u?&&ﬁﬁg ARCRNMehfh directing
he présent invention, Fig. 10 is a schemafic di agram
and| mumdef&ctlmgaserpblys pteu;qtmé and &wnctibndl Her tiicedaflegting an ion beam,
Lrﬂt%t ed igon be mmlllng of a work piece,
in qchrrggqcFé}u H‘eﬁF‘&én" and 9, particularly show ng

an genpl Rry ssiRedtici gia aﬁic eusaigra Ofﬂrmﬁvepfvmﬁﬁ@)h thé directed
the ion beamfirst_ deflecting assenb the i on beam

mubiedeflegted efone beamm gniliag 9 3/ wethdpiesfe llllsﬁr%@am tigyd2, 8, and 9,
arﬁ&fllu'? gﬁo%nggﬁ %%?lma}e#l%hﬁg “:f)gefege& Qxﬁ%{)cﬁﬂle&s@;@ach of the ion beam

|re Ing a ectrng asse
firsbéeftacting hssemblyy dietion deandedandaletloctalg a‘ssmnltlh,ramiethe ion beam third

eflecting, an iop bea in acc rdance resent
detlefjign 1oBMOFHREIIdES i dh g biakn ﬁr%mgﬁpwq"ﬂgt@g?&w@ %ppmbly of
theeﬁ)ﬁn'géﬁﬁ yurﬁ’tr egtx%Efu%ﬁ %H@Oﬁh&ﬁmal Gbr tthﬁcesﬂéﬂ@dmnéoﬁn ion beam, in

directed nmulfti-deflected ion beammIlling of a work
accpidaoes; with leymesegt inventiamn beam unit and a vacuum unit,

and_vari ous bl e specific exe r
oo 93 RSB S SR TEFH Bt of e
systadlifdr ARRtedumiulti-8&H c@eiSien e hilBnd 6P U RvER Hikd! intfudig the ion
a work piece imaging and mlling detection unit, a

beapryaitpiand ea nyashpal anitngndnvrrious| passibiengrenifie exgmplary preferred
emg&ll{ge}{ts qua‘%b h%y“i{&hher ﬁllcﬁlﬂ{ﬁ’ﬁoﬁelgést o%%d&&o%\' lﬁrHt ?Eﬁgct&i from the

cal I'nN accordance
grofp m&ktmg\o@nhl 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

system, and additional units thereof, for directed muiti-deflected ion beam milling of a

- work piece, illustrated in Fig. 11, in accordance with the present invention;
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Fig. 12 is an (isonetric) schematic di agram
illustrating a perspective view of the system and
wa@emsn2sal units thereof, for directed nulti-eef/lieeisado13

ion beammnilling of a work piece, illustrated in Fig.
11, in accordance with the present i nvention;Fig. 13
|s an (isometric) schematicl@i agramlllustratlng a top

of3 thg, ¥ ﬁh&ﬁb} Léh%{aﬁ@h?a%rm lﬁh&%m&%l é taq%_l@ of kit system

acc dance w't t he present venti on . 4 is an
illugtrasasimethiigsc ) 1 s & ecoddange athithd presendinivagtion;

pe Lve view of a np s c preferred .
CrngB fiofa i) SR E ety MG Al A FoFrrRGhve view of an
exeﬁ‘x@la@ﬁ bpRifidipreferred @ﬂlb@ﬂiﬂﬁbn@ enRenRstk pidcB @megihg ahd milling detection
relation to the ion beamunit, the work piece

unitygnil pupiat ¢omgpapsats pbsicef, o wb&tlam &o the w@nc‘zﬁ%ﬁloﬁ%t the work piece

maﬂdp’@gféf’@%rg%&sit o%ﬂ% l%k i e tﬁJ‘ceo onQ gfﬂgt e QFth\@gé’ §12relatlon to

the &ek pidce,ias paﬁmfrthkame:nmltdstrﬁth@ ungsem andnl/Betmn ammrdalﬁcg with the
15 js an (isometric) schematic diagramillustrating a
preffﬁ’@?’é‘ﬁf%‘l‘f"l"ve view of an exenplary specific preferred
g' e 2R1isbisuriey @Kheﬂiaﬁﬁ%liﬁﬁhﬁﬂhﬁf'dtlﬂg aaﬂé}'spectlve view of an
p03| loning unit, and main conponents ther eof
exepplary cpﬂwﬁict yreﬁﬂmm emgbodiroend-of phwwevksplgee whripwotife phé pesitioning

umw(g g{ﬂt@%@ﬁ%&ts%ﬂﬁ%ﬁf Parglf:u gcilvg ﬁios?i]’uasvtle%vgst fgtﬁe work piece
holdr@Ssendbly moﬂﬁa woik pie€O(ayl @ﬁd evith 4 Wotlhpiefd @9 ed3tpart of the system
i nventi on; 16 is a schematic diagramillustrating
llluarasm Figs 18 @@@@ge@@mﬁwﬁ &Aﬁh(tbm@lsergmenm ;) and top
Vi @ fJ
or o Bt $E85 & sBRighale Yidern, Ok Bink \Ec RARRY Bl SRAEH Vil (upper
partvi(h)) i gl dey evddw offowsri part abY) Whi usinponhEoeeearhplatyhepeific preferred
al ong t he i on beam uni .and the work, piece
em‘i’%h‘i“ﬁ‘&ﬂ %fttpﬁ §Voxh @155 {NRSIBR Pﬂé; "Hﬁ%“tg eé“§t18%r“f"t ?“dt Ijgin components
theRYE LMY WitHShE HrBednt ufiitIfnd tht, wdrk piédmadipulafing and positioning
rel’ation to the work piece, illustrated in Fig. 14,
unif, @ paiet o€ thei gyisteq dlustragedhine Bikgh.i IHg lé,xanénB irf relasione Al work piece,

ece, th the

itufrastd PP 6 P delerBlAE ap SRR ERER Al oS pillige g o work
pie€l, afiRbFlahéd wWith uﬁ:tpré&nameémﬁﬁ seLction view of

determnlngdp of a target within a mlled work ‘

pi ekigs. 4% pgad t17bf argeschemptif Aipgeams HBiskaiNg prgyowsxicatign view of

[

dettnihf3R, (RT0E s o128 LR SR LBC picle, Apdr e determining and
contvoilingpéae ofiwgi egma ndlling | dfi mgvcxﬂletm:bj asinginthd transmitted electron

detéﬁf!ftl%rgaztﬁ‘{m lﬁ\?@h{‘heghg ﬂﬁgééhaggqegqaéﬁg Qk%%%%%@\géﬁ t11lnitt tWustrated
in @?W‘aﬁ%ﬁnﬁ@@or%ﬁé%{h th@]é%@édt%eﬁﬁbﬁt es to ion beam

l'ing a surface re particularly, to a
nmet hod, device, and system for directed
- fle d i
eSHRS TR LA PR ARG REAR, Vork Prece: and
pr esROtprbdRMeNhieédfioh Srelates to ion beam milling of a surface, and more

lJ

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-analytical testing, materials science, metrology, lithography,

micro-machining, and nanofabrication. The present invention is generally implementable
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generally applicable in a wde variety of different
fields, such as sem conduct or manufacturi ng,
wormns/o21asal ytical testing, materials science, PCT/IL2005/000913
metrol ogy, |ithography, micro-machining, and
nanof abri cation. The present invention is generally
i mpl ement abl ein a wide varidBy of different
in aabpiﬁls lvslaétt, 0P ifRkent Qﬁbllfb%ﬁ%smﬂ ibh B&mﬁfm@m@"o@ﬁ WA el ef different
ferent types of work pieces e present inventio
typepssofpmm mo;dea,r ﬂ‘ine ipngskrtiprerdionds ipartizulady ilmpleneitable in a varlety of

dittGgep SRR o b elandl g bR ng & it FRiufaR diferdth Spes of
workiédes Upatidifarlint the fo@h GF @imﬁlema{ BiatePlalsBldh dsathSse @émad from
as those derived from sem conductor wafers or_ chip

semi¢ndugipe wafere oy chipsd thap arg avidghp\sed wditltea@lweelﬂéwmedraycemplary
ﬁelcflé elds. A main aspect of the present invention is
provision of a nmethod for directed nulti-deflected ion
beam il aspgctoéf thewpriekenp i iecentioh Nig | prdvm@nt dfea froéthod fog directed
Al st and, nents and f t| on ties
mukipdsegied 1‘2{}'6?% @n&ﬁ P SYPrk gL ingly grﬂ%’{“ ﬁ&l%@a'atsteps and,
corﬂﬁ%ﬂéﬁtstai’l\@i %cﬁgﬁilfﬁ%g 'tH&eJthgroQ[cﬁlY% g shr AP %ﬁmdufe&'ing and at least
rormng a directed nulti- ed 1on béam wherein
twi¢chdeflticting tl@oprrmldcd lquelbftaectfedfqrmmg)e direéted diultedefetted ion beam,

e it O SRl B BB A BR Ra b spgmoines
upoR! RERills] ANeice @ﬂthb&v(ﬁk%iﬂéeconbl natl on of t he met hod
for directed nmulti-deflected ion beamnilling of a
mr&n?th@c@alnmm%w the, pregent nyangion 45 a sulyrorbinatiempaf thermethod
for giréﬁg% ﬁﬂ‘é@kﬁé"%&l lé%%%%ﬂﬁ%ﬁnrg{)f% k\g)‘?lg giegg vglge?%; thﬁliesls provision
of amtethiodnfolridiealed thwld-defflectaryf 4 paovidal iongbeand indludiag she following

twi ce deflecting the provided.ion_bea for. form ng
maig $teR% Gl SPRPOTRH akd dhngt wﬂalﬁéegnﬁhewyp adifsesiag g ablpast twice

deffébtﬁr?g:tﬂenﬂrowﬂﬁd REPPeAR (O rGRAM dirREted FhMIiRRfIBcted ion beam, by

directed once deflected ion béam and, deflecting and
def@pmr@;and]@lrctcnag dhier provigldd dorc beasf for Garaning o dlrb@adrpmﬁeodeﬂected ion

dt flected
beafr e ferfig i fid fftecitiife CiistE bt Hoete b b eab S5t fyrming a
dird¥RddniwaseRrekcted 1&1“3%211]9"&&@11 tyb# Mﬁﬂlfeldﬁl’@ctbé nﬁllltiluéﬁéc@éai i6h bdam.
device for directed nulti-deflected ion beammllin

of lgnmb@q(mpline@gect ioh @lqupﬁes@t AnMention psomon@lom;qfra device for directed
muftCGRREEA fon? ?mﬁ“ﬁ&l‘hhg”@f' 4 'v?&rkt H%?%g rtgle@%é WBe bi%ﬂBlvm main

sour ce asse nb rovi and
confy@aemts iané ﬁtncngnaamds thigkdoif:- zdﬁbh ebeamrsguxas asseinbly, fcfGC“rowdmg an ion

directin nd | east twi ce defl ecting pr.ovi ded
beamy ﬁnﬁéaﬁgn Pegm 36? Iavl."é&%éat%mmhléf Fos lirepingoand at least
twilEa@Mec 'ﬂ@ o@ lagd ?drf %ﬁlﬁ Cfom(ifdull_égfdhr@&&@ i ﬂeﬁ%ﬁ‘éﬂ {oh beam,

directe I nci derit an I nges upon,
whemeinl the daesiad haxilasdeiﬂedtétbmdrelanplsehactee&mwtrds ineident and impinges

e nvention i s a sub-conbi nation
upo&f g’fd.rf@ﬂ%eW"Ega E8Fﬁ’8|"l{(§l§ﬁ)&?ewl ti-deflected ion beam
M | Ahétierahaif a4RickoPihe pRoseNBT@RSN 1L 5ifb-Ecm AN ARe @dvice for
a

directed multi-deflected ion beam milling of a work piece, whereby there is provision of a

device for directed multi-deflecting 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



10

15

20

25

30

device for directed nulti-deflecting a provided ion
beam including the foll ow ng nmain conponents and
wo ezl ities thereof: an ion beam directi nECENZ005/000913
mul ti-deflecting assembly, for directing and at |east
twice deflecting the provided ion beam for fornmng a
directed multi-deflected i od4beam wherein the ion
assRRNIRUIHRS tanBn fb@ﬁ’mfﬂ%ktt defdelihg ﬁisbﬁBBrS &"&”@éﬂéchﬂ% bidl @fecting the
an 1on beamfirst deflecting assenbly, for deflecting
provided don beam,nfortfhenipg oy ditecte @ncebéaﬂﬁcttfdoronf beam, ngndaan Yon beam
once I on bea n
sec%necf(; geh %grég la%se{n% g f§§ gg rr%:lltmg an d‘?&@ﬁ‘% lfe dllré)cgeﬁggl‘?ép deflected ion
beafhi, [fOE forging hledﬁbdtecbttﬁﬁ:eod&ﬁ&ctédf jofi Cheath |bemgbea_f/lpe fobrthe directed
f Or nj ng a d| rected twice deflected i on beam being a
mu‘[“y‘?}‘-‘@%‘? ifebednt-ect ed mul ti-defl ected i on beam Anot her
mai N ARASH Bf BIcSHE i B'hrbisiBh Y for@irected
sys‘?lé(ﬁw ‘?}or&gi %:c?ed nﬁlﬁt%&l 41,?5@2(% e%rliron&beama;é}e{énp yreeete
mulbi-dedlevted kiopi dean mmllihgdofig ek f plebgwinedudieg rthe followmg main
conmponent.s. and functional.ities thereof L.on
corgAmpLs i WH I R it TR (s BRI o el feam unit
inclb@éy &€ &S pesa! éburcfeoass@rhmyl 4o Provitlih® An bvaNbead) hndNar @h beam
beam directi n%gand nul ti-deflecti ng assenbly, for
diregting engl rgultirdetlgetinge assembly, der disedtisgt ansyat leeStoeoe defiecting the
progl%gd E)o%aﬁgan{ ¥or f(ﬁ{nm ne?glgff‘éé%(f 1%%? ege_:ﬂr& ec?%ggxlﬁg%vﬂgr am{l]llﬁsdlrected

mulli-ddkted 16@%516815 direcied eoivamisdincidehn @b inipoges apeh, and mills, a
mlls, a surface of the work piece; and a v cuuLn unit,
surfgpe phtheverrl picsAnetdt yaquym: Ft, |oeﬁra5é%bhcachte tgrthe ion beam unit,

for ?F&Y%H%ngd ﬂﬁﬂnﬁiﬂg@ aﬁ vaan% BnMADHAR £ \hd m?,]% $Af add e work

munit an e work piece. Preferably,
piec.eadhaﬁerably tthe mhmdemnumludvsrtlke workgeecePr ef er abl vy, t he

d s el ectronics and ocess
conteratty et Biindngdds Deiirabreutl BRERS ool viliis
opebﬁ@mwebﬁne@&d tooméwoﬂ/%@wnmﬂmahd foOkhePvaMiugh Nit, for providing
el ectronics to, and enabllgﬁ1process control of, the

elegtegnidsetaranch erabling proesy senftahabnfhe IOWFU@nmlt gnd &mﬂvacuum unit.
Op{f(:;]nglfll?{ aﬁrefe&ﬂ) y,% %}%{n Hﬁ IQF f chﬁ%g gtdlggst Bhe a8 ?Bneﬁ%%t selected

om roup consis

from thergtoyp e@ﬁmtlﬁggjfn@ vaoikl pigdel mﬁgu@e&ﬁbhﬂlldmg Lﬂ&tdctloﬁ unit, a work
wor k pi ece mani pul.ating and positiqning unit, an
Ple%’tn?mWBPﬁg F‘%Pi’.ﬁﬁ'il‘?nm&u%‘&rﬁ%w@n‘ﬂ ‘iaFfa'@ PR q,mrppoxgﬁamgﬁgmg unit,

and §ORhst VMR Wkk?lg&ee Gl %itc%eﬂém EachMifRfi i3] GRENs ogeratlvely

addi t 1 onal I's operatively connected to the vacu
commaéted tPthef ecatnhyunit hereédrahdy r the mlmtramds pnd pexssscomitrod utilities is

utilities is also operatiyvel ted to,ea
alsch el SPTeS 8 sk kiGidhal SBc doro Ar g egigpnics to. and
ena®lA® ptdessAEdARBE 8f, %ﬁéﬂ hditiétal uﬁﬁcﬁl @Qﬁhﬁér%fatﬂ’@lyt mte'gﬂated with
a manner operatively |ntegrated with the ion beam unit

the dpribeareuniband the ya¢uum Wbt her nai n aspect of the

Por AP PR of B Rr bR BB B SRl G R ystem for
dirswbgdkmplitiedeFlectall 612 byant ReNidgios aFW(Sﬂ(lp%c@ﬁwﬁéreBy 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 assemny includes an ion beam first deflecting
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systemfor directed nulti-deflecting a provided ion
beam including the foll ow ng nmain conponents and
wo ezl ities thereof: an ion beam unit, wheCEII20031©0913
ion beamunit includes an ion beamdirecting and
~multi-deflecting assenbly, for directing and at | east
twi ce deflecting the prOV|déé ion beam for formng a
asse%ms% co deﬂl@éluhg 'aﬂ&fdﬁrééﬂr%ckhh PFo i@ Mon HREm] &5t fOAAME a directed once
directing and nulti-d ecting assenbly includes an
deﬂﬁ@tﬂd Hemrheiny gnd e jaac beamy sseandbilsflecting ageembtdy.t forgdeflegting and
e bea
airipE el PrBE ST R e aE R, oBhige Bl fiuies defiectd ion

beafiebéifigl adopé eﬁthd’lgluHSSéﬂéQte)d iohWeafhefahé cini iog tea second deflecting
dlrectlng the directed once defl ecte on heam fo )
assqablyy 1og deflerting @fl% direclingethe diregied eacs deflegted om g]FfHﬁ for forming a
dirdciBwh Le H%‘[’Fecfgdl foh- 34 ﬁ@ﬁg% yge qua m\ﬁﬂqieﬁectemorb%@aml and a
secon ecting asse : r ecting and
vacdumemtt; operathelydconmetted to tieaon dkheamétd farqnoviding andonaintaining a
. a d|recbed tW ce deflected i on beam being a
WmPVBgn ‘"FW%“&U” SRR i on beam and a vacuum
UnNi Prefeitdy, athk Vs§htémC ARIRE tifduded é1B&rdn@dy RRPPIIEBEst cordt@l utilities,
provi ding and mai ntai ning a vacuum environnent for the
operaiyelye apnngated . topther dambegm we a@glstOe ther yaeuwar unfe | o @goviding
r tr ol [ S
cledisifiacPon oMol rRiRE ORI o PepilomiBREY He ¥itubm unie
Opfirallpy ndi efegabiy, elod syateinc further inehdlee niolehit pye pdditess unit selected

fr %gtg; %ﬂo;onsgﬂggl 2@ 2\?(3 Wugcletlﬁggg&gtshe Va]il‘ng {B@Fectlon unit, a work
ple%eﬂlgxlm“ &t Onsﬁ&?tlcﬁﬂﬁg aididnl S8R ibARbA uRR)! e?%rﬁgoxfehpmlagmg unit,

group Ing of : 'a work piece | naging and
andmatl leastgordetvenkt pioce amdlyticah unidy Whmem: eaqinaadqmmrad juni iaregeratively

posi tiopi hg unit i a co
corpie b anae o PRBRE GG HgsPRrig? ahd ppeRRy Ry vlides s
als¢/ QipErau%l?r&hﬁe@t@& Ro agldh t Adaitednall Rinlt, ifSr PR&AidihE V&dtronics to, and
connected to the vacuumunit. Preferably t he
enablieg pmassawngﬁh% cacreaddivenel uBit, Wts mappersoResatiyeointegrated with
the%BFﬁé%ﬁ nggggggkggwip each additional unit, for
provi el'ectronics and enabling process contro
of , Aﬁahbr aldh tdspeval ofurhiel présentainventi@r iogeodtionedly a method for
|ntegrated with the ion bea un|tlﬂnd t he vacuum un

et%{“ﬁ‘é randggontrglingcextent afjan meawemilling i/t WoRK jpiece, mc{udmg the
follB Wi, ?ﬂaﬁ{‘ SQ% a%rm;tclaﬁﬂmfla{ts ARl eﬁlﬂétmnﬁﬁtl@aﬂ theRPt E)RJVlidlﬁ]@ a set of

exte I'Tng of a work piece, including
pretdwerfmneldomiwg ofrai leasttomp paraaretir of dhpwndnpiscasalected from the group

functianal it |es ereq ovyi di ng a se
corsjsafig o' e 06Tk ipidie. el 3% a0 iaResh ilhin dhe wpr pigce, and
top iSh)pbﬁQteleﬁ lope tsﬁﬂ'a(fer&ﬁhé R PRI ﬁé?fb?hﬁﬁg Higectdd mult1 deflected
i ckness of the work piece, depth of target with

iont lwemmlkmgwé dlg ‘warki pteep cblglrnﬁp?hweﬁdeaﬁOf Iﬂéfaétfeféﬁb nmﬁwdaﬂ@ted ion
e

e R e L T

furkﬁ@ndﬂihé@ﬂfe&d)f f@tbtllldn@eid ot tedm; and déeacing add zitgeasft twice deflecting

thecgﬁﬁ@ﬁéﬁgg bg%a,lg?l (l)erIfor}r%ntlghg cfh?e!clte%w n(Iqtl Teafllenctesat 160%S bean?,d\’zvherein 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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functionalities thereof: providing an i on beam and
directing and at |east tw ce deflecting the provided

wo oeheasy for formng a directed nulti-defl eck@nin2e0s/000913
beam wherein the directed nulti-deflected ion beamis
di rected towards, incident and inpinges upon, and
mlls, a surface of the vvork16pi ece; real tine

for fﬂ%ﬁﬁﬁg h & dtf\/aﬁletdiffélkéﬁc@task&%%d QB that@fParity; ‘i’éedﬁr{geback the set
piece, for formng a set of measured val ues of

of thh ealatt: differencesrfer pentimuiigethe nﬁofnpamgr@remé ulti-dsiflecigd ion beam
mllge%stgﬁlegvro\rrlnkal ie6e ol xlult(}el:% Rxe%vt‘féjrgﬁjc%g e ngtl'tu}n re gftﬁremined range.

di flnehenetndamhe Ql@gx&é od séllbdth'lt&hﬂ tlﬁ‘szifﬂéHst o surfxeelbfthe work piece

back the set of the value differences for continuing
coriepRonga 19 HierfPrrgrapyers: kengone oL { e Preaeieanings, PHagiFers of the work
pleJE' I1ing of the work piece, until the value differences

are within a pre-determ ned range. In the nethod, the
degAe@rdihglsle ltieec ipresenty inventidre imbadedasn aoneiqeeimetbed,odevice, and

sl oS ok PR ol RGPAGRLY el i ot

wortlki &R, arﬁpa%%migyandtcbﬁtrmlﬁ%eiaﬁem fR¥RBEI On i s based on
a ‘uni que net hod, device system and

sublt éotsbbmundesieod that thefpresent lrmen@m @oanrﬁmxreddeﬂrsmé@auon to
b
e PSR TRTHH PE el Bl AP orThsalB LT 48 s0cos, o

opetdivh b einplananition)vents othei detity dfl Dipee otripokitisn, construction,
application t o the detajls of the aqrder_ or, sequence,
arraggementniosder. gnd grigbegupbdhe syHpm, unifh Sé'%m&f:eg%‘”“‘éf assemblies,
subozggén%lieg anéhath{seﬁﬁEhﬁ'Eé QQmPQﬁen'iso efehfen%eal?d |p§r1@{eral equipment,
type, conposition, construct arrangenent d
utiltied, aeedseries, ahd mwermjfstseinfqm insthe Solewimigt il pstoktivie crbsc;rxptlon and
acc%%ﬁ%gﬁlléélgrgwuigusg msg eé'h/gy% SBef? ﬁﬂ&rsgqte%ﬁ%tg%ngherp?gs’ent invention
is ddhéﬂlé lolf @%her AEARITREHLE Snd 3N BeiiB! FHhdtRled or SBEriddObtNini Various ways.
e followwng illustrative description and -
Altheugbnpransdures, dieamni g sstepsn pred SYSer emnifss @lbswétsb fiptla«rs, yassemblies,
sub-%sF]eénel()jheE,grrngch%lﬁTh estRJr %f’r sn com Xl?en?sag[&rg Pﬁgr%l equipment,

util@tiels, adtedsatiespufd walalﬁlstxhﬂatgtr @I@Wﬂl rt&shosetlﬁﬁﬁratlvely described
sub-steps and systemunits, sub-units, devices,
her@z@s@»bbq gsed fqsppracticing, pr destingdhh RRISERSINVERtape Shitehle procedures,

n%l{i’ﬁiéﬁ S arfdl % &hS unﬁ‘g‘dsutpﬁﬁﬂtsOh&é\ﬁéeseodéhé?ﬁﬁfgs’ sub-assemblies,

acce sories, and matérrals, sim
meelmmsmsl, emmctunesl; haspankhtss teleamdng | gnd) epenipheead b@ripment, utilities,

can.be used f.or t|C|n t he present

ACCPSTORTT a@UF]tSaEE? 3 Fﬁté "e@“gg‘{ féeﬁ% sub- steps, and
Sysk qg’a%' fosbe %H@eré’tﬁb& $hat 4BV tceRSicalaaRIE N t#R: words, terms, or/and
sub- assenbl i es, mechani sns, structures, conponents,

phrasesnaset heream (ﬂnowqup H@rpﬂase@q di,spkvewp hau@ pi,thqntbg identical or similar

accessories

- meBREER Bl Ao Buf o By R ek ey iy fovention

belbRShnhies! orhAshiseCipREibdllyCdefmed sr siatddWerein! /PhPdielBEAIEEiInology,
used herein throughout theﬁfresent di scl osure have

andpjnofaiong ﬁ@pﬁoyg}]bpr@m thypughopd therpresent disclosure are for the purpose of
description and should not be regarded as limiting. It is to be fully understood that, unless

specifically stated 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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meani ng as commonly understood by one of ordinary

skill in the art to which this invention bel ongs,
wauzloessost herwi se specifically defined or stat®d/iL2005/000913

herei n. Phraseol ogy, term nology, and, notation,

enpl oyed herein throughout the present di scl osure are

for the purpose of descriptildn and should not be
attaEl%ﬁé&{td%d RSording d n. pﬂy*slcals SiPare efdétrlcl, uaﬁﬁk{ste@&%mc or/and

that, unless specifica Stated otherwi se, the phraseé
mech@p@ﬂlatqr@ed yelmmﬂ@@ql@ulca?/smme rogi| napurgs invohdngivarioas types and

qy al.ent | ref S to the correspondi ng, sy
kmc? rg }S{aérgw | Vg ftswa]r% Fﬂ%‘&m‘f“ gxhdag pos ItsVe é/over all technical

da%.hamﬁﬁd lyorﬂ&let&mts,he)r/@ﬂ@rﬁﬁb%@ GRisRREd, oaeﬁmerc&tsbﬁ&d or/and
oi.nt, or operatjveattachnment is accordln
exemwyépéam the abayid Baskeseyndesertion rare sguallyees %W@Ey applieablp in the

1llummme§&1 i0 rc{fQHéj Felf@r&;dr Qn&ﬁﬁﬁ@ﬁ]t's Cé{(amrﬁ@pg d ﬁgéeélded claims, of
ture, vol vi ng Darious types and Ki s 0 war e
mepuﬁandn@mhbmare equi pnent and conponents. Moreover

al | technlcal nd scientific rds, terms, or/
o hrigaREtou i B Sedre Aot O LE P IsBh R g respect to the

phrEscewBik fit&d, heifenn tlﬂﬁ @BQM&UB@%@[‘J RS B&Eé géherzﬁ[yerefers to any of
equal ly or simlarl @p plicable in the illustrative

a wides varietit pbdiftsrent HEpesr eff mpteaalse ﬁmb\damlsondelmnpna;snals ceramic

mategglg,ia end glllﬁlrf}%tmxéals me{ap glég eer )&lsl 3}\(/) )ﬁ;leél 1?13 eélﬁ{s composite

scope an

maﬂemilelﬂidréﬂf owmathnaleaae@e‘d thérefrb@. phrase 'work pi ecel,
herein, |nanonI|mt|n manner, . work piece enerall%
r ef rsexampl ol worlyinise \beinget yeicondyater; e ypéeriabs the work

pleér?;{sgcw g’]h? nSHEFofdS of %'Haﬁfi&[l:d&'éi{\%& i %réllglé dl[ec@? %navgfer) a wafer

, pure netallic materials,
segxmnte oi aI@olqowh&rreOrchnarﬂy,esuclalas;yorkqmm5{5&1@1@1)&3 @rd-plepared using a
rraterlal.s erlved herefrom xa e, .
mict ARG BB EGBBEH TG e bR AETDP Tippas gfat trelosed in US.

ProVBidRal Phteni AGPNLAIONPNEC 80/639, 080 fiRU! Feb. 3t MO05 OEMRY: @Sample
sanpl e derived froma single die (of a wafer), a wafer

Prepasafiembor Micra-anklysis’, aedigned torthii prasdnt 9pplg>anlﬁasalgm kPre-preparing

S oy & red. u
the %ogl‘r(‘ gleg:é gﬁ%}p?%) Aisingd fcg ggﬁgté(%aé tsgrgﬁl% tpéecpr%a[tl(gn tech'an,ue is based on
'sectisAifip! 6r 'sep@ntsg' tah abasﬂlzﬁ ?h@scﬁdthenwbkksple% C(‘gﬁ:ﬁpl@ﬁ @hecursor, via
Pat ent Applicat | on No. 60/649,080, filed Fe

redyqypg or dRPNge: eagaqﬁﬂ @nmngﬁar negn wgth, or/and thlckness depth or
helgtf{)pfh% St the ot f)Bg@ %&n{ e [;}gcd?gcﬁsﬁ%s%g one or more types of a

| cant/ assi gnee. " Pr e-pr
cutt@@mtdaemgushcm@ arfand polishived, )pmcredhres ﬁmﬂb@ modmm'f@a pmpared work

piccSGamp) ferdy BF his2lien 1o Shebe poert Gy SABHIA 46y beg,milling

Sdheéji-?é dOolkhpi@ ie)! Qé'&i?rﬁéd t
uch®f BRepA ko piBRd Mnfble) A ﬁé’dgf offe PEASASH (LEHR! Ridth, or/and

thlcdyﬁeqshéemb oK hp]gé@en (35@“@ ef) bqﬁwma@t 10 Ipyicross agd ahwait 66 microns,
/
and FRbfhes iRERsiSH bl Wb B AU EPHES AT B Bftimeters

Worlh piirdigar( S@ftsect ©aHY phRke S(Mbb@iﬁ LANing QfANRSMEFicce', herein,
process, for example, ion beammlling. Such a

ion @p@rﬁgp glg,@}q(wqud@@ce(ge@ﬁ@ﬂ@)reﬁqﬁstoamp;m arnpiea beam onto a surface
of tH %ﬂ?bl‘é&, Qh%%tynntemc%ﬂ] of fk &pﬁleam with the surface leads to removal of

material 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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t hi ckness, depth or height) in a range of between

about 10 m crons and about 50 m crons, and anot her
walzovensiosh in a range of between about 2 nmil | iPEt/HR805/000913

and about 3 mllinmeters. In particular, with respect

to the phrase "ion beammlling of a work piece',

herein, ion beammlling of 18 wor k pi ece generally

impifle§ uport, And FRIIE) A SUEFaS o f PROAEFER D MhreBy Sitérfadich 6ff thé Ftused ion
wor k pi ece vvhereby interaction of the ion beamwith

beamhwith thef wetace leads tor smoyabefanatefialfeer thesurface af theework piece. In
gene}eé!ifé)?(gq% 10?@%&3}81 zgf’?)g‘ﬁﬁﬁ%%kf‘? g}%?? X‘?lll;e}f%&ic éerslss rf?cused broad ion
beahi otibinagme fromt {ermecthas golircatsach aaalcﬂgonmlr Ixelﬁcm; wetch isiiacident and

beam orlglnaln a_liqujd net urce, .suc
impiRgEs URoRy A MY ??CP of p wearig gisee, aﬂ‘lﬁ‘ﬁ‘j’@' IRgEAstigp SEthe broad ion
beaf\Jithte! shirfade l%&ﬁ t@??rg@'f'al B NWRkfiaPFBm&he M}ﬁfcg BY the work énece

I nteraction of cused 1 on beam w t he surf
I ealaisgencralr ecvmb@m uﬁllmgtmvolwlngfanonm béean mdeat en<bfrnplhgmg upon a

n .beam m' l1kng, .
¢ 6F B ROF piqc8, SRRRRT juerctah ot PSR AR off air3P gopas 10 o
sel@&’ﬁ@'l typk | & RatovaD of edte@dl fr&ﬁrﬂ‘le%'ﬁfa&) kaaﬁebe %blﬁ‘é‘lde'téd ion beam
argon _or xenon, whi ch is incident and inpinges upon,

‘etching. miln the, sqope andr gamiext ot the \psesientyjrwentionyhiereamyion beam mlllmg
n t
st BUSTORH uflor B TRRLA 3P AR P B o pee
wheebK ipte@cton |o|ﬁ thenen dleam Qﬁthbﬂﬁmm’fdcéllegisl oval n/dmg:l@nve or a
i gn beam | nci dent, and. i gggb ng upo a surface of a

selaig tppecriaempr O BTN SHCERSE Of K8 WoRk MER8m wi ¢ h
t Dl i f f
eI eri a cctl%r olrvnﬁ? Ch}gsﬂsegtrl?ggéﬁh%g% d‘t/)rgacl:&og%ﬁflg grbggﬁm@%ggrrﬁi irecting’
is gmmﬂ"—‘/"@lmvﬂﬁm ttheths wpensanwscmmmuxdmg,t tegulating,epentrolling, and
nve

IR GO p—

eqlﬁ)ifaléht\’b@rémc[ih% CRgukifg ety cérﬁi&lﬁ@g?tdnoibnoﬁeahhe Ih Cg'é:n&@lirﬁ directed,
with the surface | eads to a non-sel ecti ve,

guided, é@ﬂ“ﬂ&?@ of Wémélﬁd{l@ﬁ@?‘ﬂn ipdirqetade gyided ,frmhtsch@r controlled, in or
alo %rf ?e%tl é&ﬁ gQr o tr% e%g)rﬁill %0@9&%% 'g?ln J)tﬂ%cﬁ W@tﬁtp of %@&t herein,
genedillly&eﬁerrl@to asa gerkq;latel y equival ent to the synonynous

terys qguij dj ng, regulatlng, control i ng,, and assqci ate
di f ¥le PRIICUIGF.a Wit FESRFCLT (o e tpﬁasgof‘ef{]ePh{}% ang 1ot ?th fhe term

'defidtin@NisP é}{&dl[?y gilﬂ%l@llltl Yo ARUSHRINGRoud Qerdtd SWYing, tummg aside,
regulati Ag, trolling, an ion beam |n general,
berdln@cbemtmgmrdmhmate@m ao gbig sy)monyomus glhkasds to @nudseianswerve to

i.recte equl ated, or tro
caul 5,408 450 e ToaPF 45 ieB e ool on vt associated
difRRen® Bia@fhaticBNfdrin¥ th@boft aT1EM! deflRefiM fh 1@%&@ﬁlal|s|g\énerally equivalent
referred to as a work piece. In particular, wt
to -W@weg,t turing asides ibeading, ofefevisting.ray ian bean, Qreeématwﬁlé causing an
term . defl I.S ner t_t .
lonsbfﬁ%lnt)(l) rrst%)vus e S tt rTB%SIg\G/:\iebev%ﬁhSr g?ddér/t% r%%ﬁeé@ll/eg\z,’ Orbagtﬁh}qﬁb’?ly’ causing an
iondRuinab be gweted auired aside vtfﬂny, or devihiee, resprofiyuipussubitigimesverving,
to cause to swerve, to cause to turn aside, to cause
turpigg gaide; bepding Aicleviaingagsngetvely.«f thecionpenryp. In general, an jon beam

is d%?l%&%,acraﬁ&d 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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different grammatical forns thereof. Thus, deflecting
an ion beamis generally equivalent to swerving,

wa erngssasi de, bendi ng, or deviating, an ion BEEM20@7000913
alternatively, causing an ion beamto swerve, turn
asi de, bend, or deviate, respectively, or
alternatively, causing an idf beamto be swerved,

genExlA[lg SRSt Ueflefidlan iBh bESH IndirE %anrcgﬁE’ﬁStﬂaYtﬁJuYar at least twice, and
resulting in swerving, turning aside, bénding, or

in mwabahmgumbesﬁeim&su&dw thayf orichecorespdndng tOIarplgehtyrcalmultlple of

i on beam | s ect ed, .cau t 0. rve .
timEg B MBGRE "B EHTRERE, ARrbh STSoH & Ul Pl Bbodiment of he
prefat thveAKdrs defécting@ntioh Velim W @Bm8LEORACcEiis @6fleirdfbferred to by the
path, axis, or trajectory, respectively. Accordingly,
phrisgdedicodeflasting pr iaschasm’.d As erseeandaipecifie Skample o0& gebodiment of the
pre#ﬁ? g{vﬁ}lt d'dgﬂ%ctl%fg aﬁmngn Fe{n_qglgr]g? gg{eg oF Eﬂrﬂ:g i@rheke%] 363 o by the
phrmamﬁrgenaeﬂﬁchyg ref €oTs béam’d eflheas,t im gemrall, <fnr kdemnnbmgr ¢he present
t han once particul at | east, tw ce,

invepdiosy afrﬂecaﬂ% 3R b RFATL R Iehstd¥o SRS, ISHIEFEIR ﬁ%fa fred 10 by the phrase 'a

least %fc@%@ﬂé@fﬂ Antién Bedpl Lﬁlal?(?lhw\/alél{tl hltpéiéﬂe@{m hR%vbeam'. It is to
t hus, rm "multi-déeflfectin firs speC|f|c

be fllsnptiersiond ¢l tici present oiventive 1|srnesanatll lumughtq ronlti-deflecting an ion

cting.an i bea i tes, or tw,c is herein.

beaftchy, Riish OF gty ERs e d6h blafe iksrielils ik gréhst Tyftion can be
impl&aéited AheriS RGRNHeffRERE hh forE¥afPInRoRes GBiktinfeiY iofifbeam more

the present invention, deflecting an ion beamthree
thap thyesstimes, mare ghan fpur tieeseFls--ref erred to by the phrase :

t hy o} [

desltr“f‘ri& [ ng% ﬁcﬁh%r esent h?%\l/rgﬁﬂma@ﬁ'fm dgﬂ%‘gg‘g@. boah refers to

an mabeani deRasdd inoee thamasice, i peetiailar, aeleast @dcé mnkiylntga:taeral any

. phrase "at |east twi ce deflectin nlon
nurgkgy '@an@ﬁmﬁet 2HronES. SAEFIROBEINS gﬁ ységmupl? pPfiiges, ghus, the

terrﬁemful-d hé’ﬂééfk‘aer %tsoé)goﬁ&??mgﬂg fﬂitesi)@aﬁc'e&‘éﬁlme' &neﬁiﬁod'iﬁ’ltent of the

[imted to mult ectlng an ion beamb
presamt u:reveotlom hemi ive tteinl dafleicted twhdimenomieden, i hergenafa‘red to by the

res vent i on can, be i npl ement ed wher ei n.
Pl (R ATl P o dsarh FGSPTRLEI Py Fgiiengrample or
emb&IImMBREN tH® peséM dvenbibS GantibABEam ARflectéd uied tés b thBSe, is herein
etc.. In a correspondlng manner, herein, the phrase
referpad) tpjbycthe phease dhriesrdafisgier iprbeans. (Thugninjaosprisepeading manner, in

ger&%ﬁﬁl f(‘)? tdggcaﬂ%{#eth% R)?&eﬁp%%entio% E@%ﬂ B#Qﬂ?deﬂgctted gtq§%ﬁ% two times, is

hereinaefered o ebspbm ghrage hmla-dpﬂwtad ionybeam',rbekrig ¢juivaddnt to the phrase
e term'multj-

flected' . L
‘at '@6?%‘%@66%???@‘5 qu*aqanspgd? fq *ee Exi ec@rswpdé@fsé@? PREFRAt gpvention is
nottali] ﬁllﬁfnﬁ&ﬁn&) d xﬁﬁﬁnﬁéﬂ%&e gg‘aq@flé ttﬁﬁcé Me‘:ﬁeﬁqén beam.

tw ce, erelnre erre the phrase "tw ce
In gabaétaedhedres@m ileandn cmsb@inmkrquzrbwhemgl smobideflected ion beam is

cif exa nbodi nent of t resen
an PR FEREACET ot S SRS Brs dtauf thap GuP AR Sleoy
t hr Ae€ordingly ®afidod e Ié&%ﬁgoci&znﬁm RASaARR, ahduh&&standing, of
defl ected i'on bean . in a correspond| ng manner,

thej phrg@neriacctmgoan dews c.heam ragdt'dmﬂqgtlesmt iGnnbeavn’; dareimnthe phrase

'd1reap1 g and t OL{) 5%, %(%ddezmec e, aﬁ 16r¥\$l zgnaeg neratllil qrel?e(gsn It(b dlr(r:ﬁtlng an ion
bedde béTares dum\i@aﬁﬂl afté bélhg dpfiécd&Emore 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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"at |l east twice deflected ion beam. It is to be fully
understood that the present invention is not at al

wo eovbEdS8 0 a nul ti-defl ected i on beam bei ng aP¢TMICE030100913
thrice deflected ion beam In general, the present
i nvention can be inplenmented wherein a nulti-deflected
ion beamis an ion beam def*8cted nore than three

diretied86n bsath @wb hidmesf @Utvidel RS theﬁtcﬁrecn@&ﬁftd/hdégddlec@aﬁ&ﬂ beam, is
on the £reced|n descrlﬁtlon meani ng,

hergin gefpaed ibnie Riwasedirashng auds at kgast dwice rﬁigﬂaﬁmgow ipadegm’. Asa
I [

L L

follg@étbbﬁldbﬂedtmgehesdim:taﬂ oadichimghese tinoes dlethlmebm‘ Ierein referred to by

during, and after, def | ected mpre .than once, in,_ .
the papq ‘gifpeting and thrice sffeﬁf%?rtgean ign e - Jdierigeensgply Tog degsaibing the
pre@ht IvERSodTReAedt R MrORESeafSatdlchdt Wb tRRAC I hé&el®* IR to by the
or enbodi ment of the present invention, directing an
phraserditesting ahdht logss dwwy ddﬁ«édtmgtannngn beamli o1 equivalently, Hdiaenting and

etk oy ol 1AL 0 By gl e e imvention s no
at afNindisedl toWiiteetiid &1 BOWi-ddfleb @RS in {oM Ke@mdBf dieting @nd@Awic@Br thrice
beam . As a second specific exanple or enbodinent of
deflepfengothesien tbepmy ehi sesral.gthe emﬁenb YAt CcaRebeimplsmenigd gvherein
dlrelaﬁ ?glfl(% ﬁﬁﬁﬁ gf;léec:ﬁﬁgr h flgrﬂag tl ?ﬁ?gw}ﬁ%ge 4 ?‘,tlﬁ) he 1on beam
momrthiart tthreecmnchefrioea:ﬂmm @)mMmesnetheam Thus in gener aI
for_describing the pr ient ipve defle .ggﬂ an, . ,
i orfMFLERFEPORding M Fivis the @ T SRR e ggiechjon beam
referd® N6ABBam WHiGFEsi digcRl @eﬁ)tre JIBARE, dndaFRr, ‘E%Hg%ﬂb&gd #Hdre than
ion beami, or, equivalently, dirécting and
oncayint partiedlane at llqagt tricd, omdgageneral, tany snungbep @f ftunrgsymore than once,

under,st ood t.ha .e inventi ,
corfdlfeiiile B miRlint drin ER i Bl B2phde et Riplrisgetiectea:
Ashycotes gstidinpdfisn EbebiﬂcC@(aﬁfpld & ériBodigbhtesith Brebéi? ihition, an ion

beam I n general, the present invention can be

beamndiresiech betoreliiien aad radiet.i bring: defleaied tweldmmescen yjcanis herein
0 B ALY S SRR ] L 0 4 g B o
speaﬁc exainpleao:cemberhprendoﬁ thenpreswt intvation,ngn tdmebq:akrr d&ected before,

‘dire efl ected.i on bean fers to a
duriggy et ot e e E GoimPn or BRI iy Rt s o 6Y the phrase
'dlraﬁécp thritef deflcbRd iR rtﬁartnha‘ThQQ Citv a 'cBerﬁbhH |rﬁ£nne§‘t in general, for
least twice, and in general, any nunber of tines nore
deseriting dhe ereswrmegpmduangon d)eampclhmctaﬂda bsforsy durihg,i pideaftdr, being

deﬂtgictggf’af, letg% hva t%esf 10 ???e‘cﬂi be rr? Ct edgﬁﬁk@s%?hrgﬁ%gtm%-mﬁs cted ion
beaff, Yelif qyubatnt td thY Phias®QiretBd b@l@aﬂ@ erive deflesi¢EdnIRAAY |t is to be
durln and after, being deflected two tinmes or tw ce,

fully gnﬁ@ﬁ'@pﬁ thag ther present BvBYtiqnis nghatzalllimied ea digected malti-deflected
e a 0 n aREC

long%énl& ?«%@Sexg E%Pegla{(?r'wee ﬁl_‘g t%l&e &%f?e%&(a ]I%ieln[%r . ?l? %eneral the present
invermioaniah e mlprememedbelmmdlar dicdced meltiadeflectdd iombeanaldchn ion beam

after, being defle t hr times or thrice, is
dirgisdheforeefuttge dng 611 %qﬂea@é mefethen Hies Hpesnore than four
timgeklcect ed ion beamn. Thus in a correspondi ng manner,

I'h general, for

In partlcular with respect to the phrase 'rotating a directed multi-deflected (at least

twice deflected) ion beam', 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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descri bing the present invention, an ion beamdirected
before, during, and after, being deflected at | east
W(nmm/mllms, is herein referred to by the phraseCT/IL2005/000913
"directed nmulti-deflected i on beam, being equival ent
to the phrase "directed at |east tw ce deflected ion
beami. It is to be fully unddrstood that the present
to th@yﬁﬁhylﬁeué Shri@k t@kadé to Wdr%‘ cdiRRe B §iin,a8éR6tively, on, around, or
multi-defl ected i on beam being a directed twice or
relatite itgeandiaxis, eotl @gsdciatecodisferent rgragwemetmll formpethpiee§ edhus, rotating a
vient ment [
dirge Pl E IR SRR SR EEhekleh T SRl fsTErBlly cauivatent 10

turifd QF &pirkhifg, Rodireunedl Afultbdefldtdd th dEffSk ewiceddefleced) hdinbeam, on,
three tines, nore than four tinmes,

| .
aropnd, (OF gelptive tonpR AXiscQfAlternatiyelyn gayskieats @r@%f mufthgeflected (at least
twild &Q%H%ﬁ? B8l dehmds bR oF ?[? (égpécﬁéa% Jﬂ‘“'afb%n@ eyl r@l%ﬁ%jeo an axis, or
on beaml, herein, the term rota i's generall
alteeumﬁvem emtsitgoa tltrectecy notty-dofiectede (airﬂeasu twicegefiecteg])iinmibagm to be
o, around, or. Flatlveta n.axis, or . ting. in turni
o TR GSPEENE TS 1R SOt b HRIAUNG (s 4B 6 dgipliing jp tarning or
spn‘iﬂiﬁé‘ reﬂfecﬁ&ély? afSRe URe@Bd thulti-asN&%dd (4elldast Sice A6MERM) ion beam,
or relative to, an axis, and associ ated different
on grcamﬂa@ﬂrchilwﬂ%ﬁ@alﬂﬁereof Thus, rotating a directed

ef | f eXgP i
ge n%l " %qnle§/al :% é?%cé{oaﬁ'%dt{ gesfiec e\ﬁ” (ﬁ? legﬁ tgv?ccet fe%cfegﬁlo%%g}n' 8 rotated

(roics; Gtr@ed (tukds),-spen (piisydor, altodnﬁast reﬂaﬂve&o de&f zlue@,txeide)e the axis is
ion beam on, around, or relative to, an axis,
either @g Ak L/ ieyion bsanai Ayam ads i Ancdlemet or. ‘EP@fﬂoé‘E'ﬂteﬂh‘(CBtOfdmmly

shat&RaRE sinth g?a}}ﬁ?gh@ tdnffbral Jﬂ)%m @ b HBarR’ Mi¥eBver, such rotating,

respective on, aroun relative to, an axis, or
tunaihg,emmsqlirini@ yof ac@mtadgnaltdd&fbctedc(atﬂstmu twﬂ@‘ dl&ﬂct:@d) {caut beam on,

| east t edeflected ion bea to be r.s .
aropd  aF { FAUANG , (oo APunBOTSSPOR 49 Flelagly” Govlaing the  directed
multE8&Hdctdaqai Badt vaéb QBT &ted RbNBéANY on,  RSRRC bi Mpltive t@fantakes, where
directed nulti-deflected (at |east tw ce defl ected)
thejaxis isecither am axigrof dhriionobeamp|ogtan axis of ampglegiens or pemponent which

ord%leaﬁ? a’r%?)G}hg eg§ %galn%dttélpgfrgid&%ﬁﬁg ésaﬁlsz qft?‘etamt w ce

(t UAﬂdl)twnﬂl}U s (BBd Medein, Qe tEthOABEL fifers @b at 119 &4 tod, th@Associated
axis, where the axis is either an axis of the ion

Valb@am or an axis of an elenent or conponent which

or di’[b%{eéldrgs e}r e§ul§ E& %%as%gr%p%{sal s%ghq SEJS %,?J}]eé/’ices, assemblies,

domal NS as™’t reover such

subl-Ass¢thblies, cmecshamams NGtructhires, onpohes, Mehd i | eldménhtectmd peripheral
(at least. twi ce defl ect ed) .i on beamon, around, or
eqURINeAt; YHitie, acegssofies.can émt?@éwﬁa%e % QqiTEAloRang implementation, of

exét?ﬁvgﬁgljg %PTBP:rltetie ‘%hl it Sits MubikdrnglRf! e@‘eﬁﬁ‘reﬁat Al&ﬂﬁltnents specific

cted beam on, aroun Tati ve 0,
corffrguaatloss, andeadelitidnal and eptichabasphets, duaragteristicsf ot fwturcm thereof, of

theopr8§%glir1‘fe$¥}gﬁ)a($r§ Sb%];tﬁrzl ﬂg wgggés(iﬁgre%%ﬁ ongﬁh}? llowmg illustrative
des@ﬂﬁﬁérﬂ&l@&cbﬁﬁaﬁﬁﬁg @ﬁm%sActdiiéugg@ai fh¥ folfswitg fthshefi®! doscription

he term ' about' refers Yo of the associated .
and/ a¢q@mpanying 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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Procedures, steps, sub-steps, systemunits, system
sub-units, devices, assenblies, sub-assenblies,
worBmbanvsis, structures, conmponents, and el enertBIL2005¢)00913
peri pheral equipnent, utilities, accessories, and
materials, as well as operation and inplenentation, of
exenpl ary preferred enbodi ne¥ts, alternative preferred
subSFRASJHEREYs S asseiBRds! isGb-aQRMbALY, ahéPRSismaANSrucflél IcoRipdhents, and
and optlonal aspects, characteristics, or features,
elemmﬁ eoid, paripharal mquiparent,i niilitiesi @acessaries.hard gpaterials, needed for
suf{”I 1:1Fn St R ers\/’ﬂdéf&[; {)err'glﬂt%ﬁn gé%e:tlo oindq%ikgncfntatmn of the disclosed

tra tron nmpany

mva_ﬂ'ti‘dhu ghedokdihgle, ﬂ@hhpﬁ%m@f Véridd@ fpb@dlblEQ)rdﬁﬁmanypﬁntaim@Mﬂe minor,
cconpanyln drawi ngs, sane reference nunbers, and
or/gng; qpiienal; profeduresy S@aﬁé)f@ygtslé'?rﬁ‘iﬁﬁ% 108/and, RyStGm; ynts, system sub-units,

deVIRY | £&bIRS SEHRLsERBliesS Hde L&Lﬁ&rem&ﬁﬁ(meﬁﬁsegﬁi elerPents and,

tructures conponents and e enents and, perl era

the foll | lustrative descr.iptian of th sen
respe h ERINE NH0EI AT an s AR HEF 4T° SAGLEHGTES by one of
ordila®P Skill 3R theSMP -0t a8 WhiéNske RBildbIOTn i piiok BA!and ¥&dhABal literature
units, systensub units, devices, assenblies,

relating te hednisnties, arpraianestioshebriefbyrindicated deretormone nts,
and eéhe rfgpcgémgeiggstra?% dg{yi:'lpﬂhn o %Oeo ﬁ%%tng waeh 161{ ﬁsd non-limiting

accessorles S, need I'CI én

| matilliﬁiefl&t goneiah @rdur ajfepresentudibhiingis follows:ztht irethed dor dlrected multi-

| enent ation of the disc]osed |nve ion,

|
deflectedr ign rRyrg, miling of 3t Wark Biecsicthe guetheb £ difested multi-deflecting a
rogfcféh' BRI, ad DEB- E&ﬁy gon OF AR me@of a0 dRBkéP Hﬁﬁtl deflected ion
procedures, steps, sub-steps, or/and, system
beannimilding sfatwmk pigbe;uhe devicalfovdoesed arslﬁedtﬂlec&sl ion beam milling of a

ub-.assepbl i,es ch trugtures, ent
ol Pi@iRor bRt 45Vt ot RReBHo e hEne PRFRRRL fus beam, a5 a
SuRESRSIARIONESE thaNdbviRRt RF idireted Fhuliefefagtad Yon HR&h tAile®: of a work
W th respect to enabling inplenentation of the

pierentemsyistsm fordireeted malti-defieatsd ion bapmimillingeotfef workadliengi the system
for rr'elc(;,)tlred my i Qi%gg{t}ngh gﬁtlogﬁg? %féa Lf: Jto?rmn?attfoﬂ qu I?fr‘e system for

dlredwbmtxltgdveﬂeatea ioid beans tmkbmg)oflarW(&f(lpyecbﬂdldCthé atbthuelr for determining
In the foll ow ng |IIustrat|ve deicrlptlon of the
andp?%%r@thgl W@h?f oA bepm millng0fia workinigsemanner, t he
gen t
Oot Bai. adhAifasfer BE RROHA Bichiol® froVRARE o ififthod for directed
mum-'dcﬂdctepdl ien <b¢am meillingt dfadworrpietier; ectusingthe tfq)ll(dahg malm Btgps, and,
r ovi i on beam . as sub-.conbi.nati on he .
compfiedts 410 i RBBEGH, tharor ARep T BerBon SRIBea (ictinggnd at least

twieé d@ﬂ&‘ﬁh tﬁ’é Fﬁﬁ/ideﬁhSn $exth Cor FfBFmidlh faeditREd multi-deflected ion beam,
mul ti-d ion bean1n1lllng of a work piece; the

whersin the dlmtedum@lat@ﬂlevmd don besnh éx direntedatoprarsisi iwitlenband impinges
nati on of the device for directed

uP?ﬂiIa{q;illnali? FQBE %cée qgi?eﬁlg%ﬁl?ﬁel ling of a work piece; the

sysReferfi®f novl tothe dradihgd, -Kgf tegtaedéhexﬁandoe@giam illustigting a side
of a work piece; the systemfor directe

viewy ok an WM,m@’ege%p pdiment ehdisectad mggl-geﬂected ion beam mlllmg
| Y

o R IR B0 bSy AR ey PR sy i

iort Beamnuatih bl ihoelatied e thie imonk) piece imaging and milling detection unit 300 and

the vacuum chamber assembly 210 of the vacuum unit, and all these in relation to the work

piece and a surface thereof.
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and controlling extent of ion beammlling of a work

pi ece. Thus, a nmain aspect of the present invention is
w@emeiosiossh of a nethod for directed nulti-deflBCct/ER0030000913

beam mlling of a work piece, including the foll ow ng

mai n steps, and, components and functionalities

t hereof : provi d| ng an ion be¥m and directing and at

| eagt ergebl

for ) B tkAGrEC S SoIBRiO) Sulfeit R ILARRER ek Bbing the method
for tdieecidil mavltietttleted iionl dtare ahidling ofha beaknpiecedf dwt present invention.

HolRr S ot asr gt dinizaereni pddRo rafbforth i Riaadat this point to

Figdl 3WM4)95, 6Figy. 9,2ahd 1@, SORECRBhAE décABearsfértdduss rf@% IideBtanding
si de view of an exen‘pl ary preferred enbodi ment of

implementatien ofithe Pm@élfqué diffegient gxerhplary spesific peeferedempadiments of the
I t -

me 08%1’ %Eg%ir%ﬁ ﬁ@%/eﬁgﬂfg‘&garﬁ ?Ipwn% Afa{] Iqe(nllglg%l, tm _aL%fBrcllche with

therpeésaﬁummedtmnt he work piece imaging and mlling

det Ctl Qn unit 300, .and t vacuum chanber. assenply 210 .

of Fige3vad G&?ﬁ%ﬂﬁ’ict diaggamy 1EP§traf1H%§é‘ erVIFE |04 @ ‘B?fegggtaﬂlﬁ% version of
the WBXdfnMA§C Brediife eptboliRf&hnt ! hl%ﬁt?eﬁéd lif Bgnes abartlgllllgrly ZHowing an

conpletély sufficient for i1llustrativéely ‘describing
exetﬂk}ﬂarweaphglﬁcfmfemedmmdhmmt of- dlefd@meetbeungrthbeambemn unit 100,

o B9 5 ol P SEERLET P2ectcins

lonaﬁdtnt 10Ral sh@&ﬁ@%ﬁ@&eﬂn@la@ag&cﬁk préfesred @ibodingentof the Work piece
6, 8, 9, and 10, which may al so be referred to

1mafg@¢g W@ﬂb@&%ﬁ%@nmﬁﬁl%nt ation of the numerous
di f n r
O L S0 ORI AL AL STRPHLI Lt
ionmbédni ngllkmflg afvorvorpi giees, dnd, aleranihdng andi ddatrblliag extent thereof,
res a. schematic di a\

nti
1““?1“1“ t"i‘ ﬂgsné %Sdgar\t}g%%bﬁﬁ%w%r"ecﬂ)éf -§Fqtigpa v%ﬁ?% visw gf a more
detﬁﬁ&l ORTRkAY l¥veﬂ rv%fs%rf Seheabadi "B%l'hg thé kdﬁsﬁeraﬁ{ l%‘Qt 160, fiuding the

particularly show ng an exénplary specif
1on|dveemedlr®dng ahd diuledefledtingagsedehly d 20, steictuged ami fuoctidnah for twice

%#t 100 t|)ncl ing the ion beamdirecting and
ipg an i Rea Yy assenbly 120, for twice deflecting an

I onFlpeamisl Q, s@ﬁﬂmaﬁb%%’tﬁmaﬂhﬁ%ﬁmgl ar per§Re6vd iview of the directed
referred_enbodi nent of the work piece inmagi ng and

Fiq:iilewgeddétre@?menmdhng d08. W@rkgpleqe,u Blugtrafeddpekigs 2, 3, and 4,

parﬂb]ﬂ?xrl?gﬁc#\lnlng %fnﬁﬂﬁf" je' q{'h%We&’ m‘b&%nﬂ:ﬁl( &F Iba%ﬂ of the dlon beam

~ first défdgcting amgmibdlmtdr thé ldnfh;aﬁ)@b&ﬁtd defflecttrnyf assembly 124 mcluded in

iJlustrated in and 3, partjcularly shown
thecjogskeagy diteeting a%f? @@llv.d@ﬂﬁﬁmgaasw@mmapi‘ dhe emr&swanlfmt 100,

strdRUEH a kAP ForlDfcURYE fre RGN Gednlgg. On beam uni t

I nc Ing the 1on eam I recting and
mJI Flngéd F 6¢ tarn gelmsmtinisliagrdar@® fogsther diustretingaagherspective view of a
rotz];tlonca:f ka%gu ar)]c s%huér\ll(\:nec% acril(:"ifoln%Ct ' re‘%‘:pedI a?n r?l?lﬁ‘mie]fgbted, relative to an
arbitrarily assigned longitudinal axis 40 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 multi-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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Fig. 5is a schematic diagramillustrating a

perspective view of the directed nulti-deflected ion
whemmomiosd i ng of a work piece, illustrated in FTHE.200/000913

3, and 4, particularly showi ng an exenplary specific

preferred enbodi nent of each of the ion beamfirst

defl ecting assembly 122 and %he i on beam second

def FChA NG éﬁ’r@ﬁﬂ@é dia, 1%61 1llb§l?a{tfﬁ%eadpér§be5ﬂi‘\% d1642- ﬁEQv ofa directed

directing and nulti-deflecting assenbly 120 of the ion
mubiedeflagteidt ioh ABams20 (tice defleated) oudt (ovrgl daflsetedivdirected towards,

ctl an _ion be are cherratl
inc{geht F olng B B R Tafhig, s iacc 8 4 588 Lo SR pISEy work
pleé@taagérer’eaiy ﬂi&P&U ke@kangGRE YRBY Pafticubilyi sthﬁwhﬁg’ifﬁlaiivkegébﬁﬂmes and
and nulti-deflected, relative to an arbrtrarrly

dimgnsiognebion dagn2er R&J the sarfacgoanddhs WAFK BiESS t he wor k

p| e f :
2P 202 ARG gkl DGRPLAELSAY08 SFRI) el et
multﬂékﬂecoanlr foastpand 2 givtice deﬂhcteemtoedZt (thrie defldcted) eldecterh towards,
beam t ype.of. dlrecte(g lti-deflected io beartn I K
inci A I WPOTS AR YLnG(3 BERHEEHE tPoatl VP8 L Sestaplary wor
pleEgga %fgﬂﬁl §d:ﬁg;519 3F adbhtiont a @'ﬂchnﬁiugﬂof %Y&%rtcﬁ%\fﬁ\hﬂ&em the surface

i nges upon, and mlls, a sur
(wittna mvaskkis fhiekslcy, anagnplér A;OHdsr elememtefmmkmpﬂrea@rﬂalm to that illustrated in

ustra er sp ctrve 0se- [ e
Fig et B B RS, WSS R Bl P b0 22, e
surfdch dndehél abliegiced) d| rected towards, incident and
|rrp|ng|ng upon, and millin asurface of a first t

of Kig & ﬁﬁpmatmlggrgmelg %(agng @ﬁsg,lea‘{lpy of RAPE detalleg vgrsion of

ri‘e di nensi ons o beam
excﬁtﬂplﬁ@@ecrﬁn @referecdrembodimentef the ign bélmiusitd 08 cinelweingthe ion beam

di agr illustratin erspe e clgse-u vre of
iR iedene Deeally DA Gedihaodetie sl and an
exéiﬁplgl%/ $pkbiik predréd %B&ﬂﬁlcﬁiﬂ Jﬁﬁé Qrit pieed ﬂﬁaglﬁ%midjtﬁﬂhng detection

and i'npi ngi ng upon, and mlling, a surfac a second

unit 3@ of an exenpl ary work piece (a typl cal sarrpl e of a
por sem conductor vaf er ch ' he.
sur hﬁig lf &is¢ e“g“tlﬁ'a éa}%ram él?thsérﬁ dn%a Sa Sg,w f t %!t@d I fii-deflected
jore |b€£iﬁnﬁulhf1g7 rofex angkepicsd, mﬂdardet@mhﬁﬂg a|nH| wﬂhblih@de)ttﬁnt thereof,
1), particularly showing relative geonetries,  and
llhrrrrmismdﬁgs o and, reetawrﬂzdwhowg ? I‘FEOS§1§?‘¥U&’6§1 sigdy yigvhef a more

detdREK geh@gﬁem Fl'Fgel ?erérﬁn? SHRSTR! banf uRE" AIY, i hélH&rBé aht N8n beam
a sSide view of a nore detalled version of”’
directagpdndr npulpir d&ffle ctirggasserbbigt 128 nétrickdred ml(hﬁmdtwrfal Forgwic2,deflecting
partr cul ﬁrl y showi ng an exenplary specific preferred
t of the ion beamunit 100, including the ion

bea'ngﬂl I(P%t Iana:h@ﬂgnmlégrmﬂ qﬁhﬁ%hgga %é?sﬁE@@iv)é @&Q off e directed

thrice deflecting an ion beam 10, an exenpl ary
mupalefledted poreft@amemlﬁm’godﬁ newprl@fpletch,e 1lh¢strkteé| macElgs 2, 8, and 9,

d | det ect it 3
D T S e N ER
firsti detlettaith Mdbblydel?, @t RE beam second deflecting assembly 124, and the ion

beam third deflecting assembly 140, included in the ion beam directing and

| the' %ﬁérﬂﬂgw ?refgrg@tp JemBQAhédt uilf?lgﬂlréied; hﬂ‘NFf% Fﬁ‘% EMQEI% eshowing an

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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ion beammlling of a work piece, and, determ ning and
controlling extent thereof, illustrated in Figs. 2 and
w@200paescul arly showi ng a cross-sectional si deCwiI2w30f00913
a nore detail ed conponent |evel version of the ion
beam unit 100, including the ion beamdirecting and
nulti-deflecting assenbly 125, structured and .
4 .
inclBE bt Qe 1f o BEPLEFRUTEEL A B 4 MsCRAR (e cldble, vice o
thrwe)edemumg] grodmdedobe dbemll 10, fatefotringeddirafedoaalti-défldctedgon beam
i1 ust dinFigs. 2,.8,.,and 9, . .
204, oa0b; oids, %e%mrﬁﬁefi i Eﬁtzﬁcaqdng been208; 2 os 20 directed
towRRRO HicRA arfdf infpds Gpord, AR hfdfls, Q%ﬁfﬁufe' df'i!lﬁe weild fisdd ng
assenbly 122, the ion beam sedond | ecti ng assenbl g
124In mdrad Hheri are meamuhdluff;trmek@nmlmgspa@ﬁe ppiforradiembodiments

n the e ectin .
of Wi bHAG b ¥hot FMuBRRALE 551 b6 Pine 4, picce n
accbfing b rtuetsp@el(ﬂicagpiuﬁu (ditdceibmdl, fopientatiérial ec@‘iﬁ‘fgu%ltdnﬁg mode or
an ion beam Accordingly, with reference to Fig.

magnesn angh ascodet itonthe sBewbie ntemponl F(taingy mede 50r gmanner, of
muﬁl—dg% cﬁﬁg a&ﬁ@fl}rn&ﬁlg Mﬂﬁgd Lﬂrbeq}nrﬁpéﬁ% dﬁ[ﬂl‘ hhécté’d?fd ?t?'d@ﬁected ion

I on a wor lecel i prOV|
beano20h.e20b,16r; 26 ds dirceted |tmgaxdm,d1mtdehteam:t ihpinges (qbairr and mlllS a

surfise Rhe pistkiiigon, [ PGEUET OF Sl SBURLAOTGHoBHa A ational,
coﬁ%ﬁraﬁ%ﬁﬁ) nf¥de 49 ﬁlanﬁ‘él'fo@l'nﬂtlQ!eﬂ%‘tk%@nmdlnjéém%eﬁrb@ﬁ&& tbr! RAm 10 is

beam 20a, 20b, or c, Is directed towards, incident
lingan cbri mntwg@ls ltp@ﬁrtlcam thiel pecifia tempprat étiming) Hraodgopk manner, of
tereaenmsro d|ff . .
ol B6fcub SRR Phnd M0G0 RLIoL A 1Dt SRy giggginuous
(peh@ﬂlc;jlaﬁ)eﬁé(ﬁd Bt/ gulsedgf beat esmbmatitie dN ntinuog ahd adlscontmuous
work piece, in part, according to the specific, spati.al
(pefiglicewneriodis; or pHlrady Maregisr, caghy paciis we ér{ﬁuryctwaa'e Oaﬁntatlonal

cCCor t t ne Cc 0)
oo M 50 0 B 0 Pl e
diretitingqiro videch fomvihed nd10, @an tbe amplk@nentdieaceomding toestk dpecific temporal

mul ti - fI ected ion beam 20a, 20b, or .20c, jis.djrected .
(UPHRE BC PhPRNERE DA 5 neAnHgRAISy SEIOntRE R (prisdig"Speifodic, or
pulSét)f &C@c&ﬁblhﬁ?onv\&fdénﬁhlﬁﬁﬁ andl QisB&tidubtd @eriodiBCapRB8icS biCpulsed),

spatial (directional, orientational, configurational)

of moliedeflectapamt digfting ptqwdi:éfloteb@atmg(l and directi ng
Bra(r) ded%qecﬂ'{clgfz}%;nﬁé%r#ﬁgl #lpeeasr ecgflc ? a?i‘éi O(I&?rect nal orientational

cor[ﬂ%ml[’dﬂonalf)fmdﬂd drimalekt 6 fﬂuﬁgd&l&tlﬁg hﬁ@ﬂir&gm@rpwvldedi idnOkbeam 10,
beam 10, is_continuous, discontinuous (periodic,

theggydif | Hiticdeflseting| Gorg pxampleq fWiskbPhafTieh dsfleetia) i asbdipearly or
t%gﬂxaﬁw&l?&hhg 8#6%1&89[&0?3%{1' gt?’ ?«‘go%xﬁ{m%ra RURENe tinearly or

ecific irec nal,
rotationaty direammultMMeogadr (awice oalAricewdfeaed, mpaarvely)haﬁ beam 20a,

20 b S ot SR B ol o e v
bedtk 205,920 dr20R2L&YeSRRAVALY Gink &P 8F Rdtationally directed towards, incident
and impinges updn, and mills, a surface of the work piece.

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 thrice deflecting) and continuously, discontinuously, or, a combination

of continuously and discontinuously, directing provided ion beam 10, for forming a
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(timng) node or manner, that is, continuous,
di sconti nuous (periodic, aperiodic, or pulsed), or a
weowbirnass on of conti nuous and di sconti nuous (PEF/IIQN05000913
aperiodic, or pulsed), of multi-deflecting and
directing provided i on beam_10. Mre specifically,
regardi ng the specific spati<dl (directional,
respcti@Nt @intialadsly, C dBkoftiHuatislpnalr) 4roelenisinatioan gy c@ﬁtmuously and

mul ti-deflecting and directing prOV|ded i on beam 10
disqaméipeousty, direeted mudti-deflactrg (Orise oe Wuingidstleqtsd, desnsstively) ion beam

204 345, A5 T8 SR oy LB« combiaion

of doatipasisiyvmd|disteatinuously, dicdcedd malal-deflectied ut lmam 20a, 20b, or 20c¢, is
nultl-deflecte? (tw ce. or thrlce def%®0t§d, . d
respestiyelyt FOMINYPUSL dSSapHmIBUSlY ) 9, 2 CoBRIMatign o phjGentippeusly an
dlSé(ﬁl%Hg&lISl}y edﬁécfbﬁatf){drd@rmEiﬁEﬁﬂdn@ﬂﬁJghdéeﬁ h%(ﬁﬁ bfd mills, a surface of the
multi-deflected i on beam 2 20 or 20c, is
woﬂaspectlvely l'inearly or rotatlonally directed

fici dent. and n s ad. m |
Su\f?g ordinglly refatding gallceg? ec [§ dtal 2{‘ r{g) indde Br manner, of
multB@Rting ahbedifeang fprevil ey %E:alﬁt oy 1ﬁﬁ))emﬂéﬂ @tcording to each

manner, of nulti-deflecting and dlrectlng provi ded ion
spepidigriemporal (funiag) moge pr mapksT) elcmpl lgde(fkevnge ting freyaded ion
r f
beaff 15T 1EF OF PSR AL S0 HABR e or, trice fefcting) and
cortfinaowsthy,i dismntihyousti, rexc ti cignipinationdef] contmubasm atﬂ dlfscrmtmuously,

form ng arespectjve.contin sl di sc , or ‘
linggeio i REBH Do e CHHE RIBULH) 198 cbAS Al PhuGERIE o Fespective

corftint 661 E ddiRdintihndlRty, &t @dcdndhBfonObf thhtifPuslgf Arﬂc H@Qontmuously,
respectively) ion beam 20a, 20b, or 20c, wherein the

lmeraele(pmrouavenaé reliicnted wultj; deflpated twiaensulnise, dedlected, respectively) ion

on i nuo sI [ 0
besy? Piar 2oy 705 SRRt SR sesPiRlxs] SEARIEH Blobnnuously. or, a
cothBinR@st | ofe byntiRBhdIPusns | discodliimeslyl Nisadll y or Ofotatidnally directed
conbi nati on of contlnuousuy and di sconti nuousl
Ca

mul-tefecied oniissici0n APh i FrresRRSTHeI Sonous iy discontinuously,
or, rg I:J.)nci Qtl(ﬁ{'l {)f E&r?tx Lot % %n\’i’ocﬁgcoﬂhﬁ&dglslymfﬁ%rg} Be Irytationally directed

re ar ng eac cte

towmdm @ricident armJllntpmgée fuperg tand gnilsch sdifacecefi thgwprlopuecte d ion
eneq&

| d di t h
ConBasiaPt (Y ARG i oRPHICH GRABD: Siaetefeizefh remplary
sp&ﬁﬂ: gferf@r?éd REhbBdimentledt it n*ié@ﬁ’dﬂ %‘(9‘ dir&%c? mnfiti-deflected ion beam

ti-deflecting (for exanple, twice or thrice
mlﬂlmgloef @twwrg)plmdacwordmmméﬂfﬁcrenﬁ spesifin spatialu@irgctiapel, ogientational,

f continuous nd di S
cof Py SPoRoratroishi iy wstrBll & BPRbRRTAY appor (iming)
mole or fihnérQ binlBi-defleeERE (bt M&inﬁ?plélttwmé(liﬁhryce deflecting) and directing
dlscontlnuousl y,. or, a conbination of continuously and

pragiidsdone ibaun U4 ¥, illustrasielyydespribeds latm@ﬁéiewl hereigbqledy. For this, as
t
5 10U, L S AU iy s s

embedipent,i thst pornided uOm,Ii)Iea!m 1 ﬁ;cevséntmuga ushyial evith a longitudinal axis,

- conbi pation of continuous| d. d| cont'nuous oA e s
hegein, é@‘p{@d oy asel epgfngn@ému; giyrﬁé{;i[l y, as shown in E:Yg 2, it is generally

applicable to each exemplary specific preferred embodiment, that the work piece is

essentially coaxial with longifudinal axis 40. With reference to exemplary

~ three-dimensional xyz coordinate axes system 50, arbitrarily, longitudinal 40 extends in the

direction of, along, and is coaxial with, the x-axis.
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mul ti-deflected i on beam 20a, 20b, or 20c, is
respectively continuously, discontinuously, or, a
w@oiwborass on of continuously and di scont i NUOUSPEI/IL2005/000913
linearly or rotationally directed towards, incident
and i npinges upon, and mlls, a surface of the work
pi ece. Each of the above deggrlbed (spatially and
Link ial Mbded\or PahRérs o $on Bé&}mkim:)’ Biokk Pidee ef er r ed
enbodi ments of the netho Irected multi-defl] ected
i onWithapferanrce inbigof2, Broxisted i lpn beam 18d¢ hpearhgdifested and extends in
the ergéu ecﬂft ﬁ&ﬁ% ﬁfrfa hxi Qf) &t fgg R@lxis (inz=0 domain)]. Then,
orren at1on ura Ironal’) e or nner na
lincafly @hidtted Iir@wded:i lO‘xf bﬁM]ﬂOSlpen:ilédsC twieaplefladted t(mnitngéﬂected) and
nmode,, or t, of multi-deflecting (for exanple, .
lineatly cliregieds AR & coYeRER ar rfganslam ftae 2h PERNERY dingarty dlirected
muﬁe@éﬁeétgd ibiS bedrh YL 268, V3! 20cdGREchi 1@@&&:&1{5' aRé@edlBhdektends in the
erei nbel ow. For this,’ as shown in Fig.” 2, it is
diregtior frai gbave ;ibmg;talldir@l axis ei&c[meexmlamswnsmﬁ\fel gaxis domain)], or

referred.enqbodi nent., (.t h r Qvi [ b,
fro‘gsléei?} |l%qﬂlvgg18g§xlglrl{0v&lteh atg Iooaﬁ(éﬁ E‘ ﬁ%%ea%e(lg%]s ]tgm{a%)}f or in the
dlrercﬁf)@rdfedmﬁoalaﬁg,' wrgithdiglhnakisax0 i. éQ thé&ddhkis ofial 2 y5 (aslomain)],

shown 1 n , 1t is enerally appllcablgg{o each
resm@miy,atpya ébff PRk mﬁ@@ pllaweddbbringrifisident #gt inHagig uRon, and
oaxial with |ongitudinal axis
’nﬂﬁbg%ﬁWbﬁ r@?@?gﬁ@£b¥6§exenplary t hr ee- di nensi onal xyz
cooMdrangpiceifiexiy thy pteeediff deseripiion eorrdspondsdo ghiree dineatly spatially
40 extends. in the direction_.of, alo and.|,s coaxijal ,.
chaggcigizedraip. CRMIary SeeitipRfasd umetig® ek apaRsg for directed
multPH‘efﬁ%@H‘ ibh IbehRmAfing ¥4 Worki (6@, WidhhadcBid@iE R 8 different specific
2, provided ion beam 10 is [inearly directed and
lm@xt epatial i (diréntiodil; e otientatieral, amﬁaumﬁgnal) omfideudptnamanner of

muﬂ} ﬂ%f!aercP 9£ ((ﬁoF 8@’%‘3 ,pév&aXI Stél“l Hefkl) écti ng)lz%{@%l e)ao}mg @poe&nded ion beam

10,tvHheséin tiaédrRcdifdtedibitiidefietied netsbhme2 0, ROb&R120Y, is linearly directed
di rect ed, and is converted or transforned into, and

tovisedso isidlent andampinges npeis ead mills. @isuEase dheworkpictieam
20a 0 [ [ d
oxt MRV R U B s Pirbhe S SIS Bg y cxemplary
speéflid preferredt bebadiments ¢f the asithddy forzdimedtal durttidaflgctedrion beam
from_ bel ow ] ongi t udi nal '

40 [i.,e., t.he.x- axi X
milligg af p yerl Piggs-ds Dh Fiigordife o 5o ey Sirey edfi empora
(tlrﬁingfHlod@:sod}%ﬁrﬂlgfsrtﬁlmlﬂﬁl&ﬂé&u{g' (f& e:xaltnbﬁ sz@é(brsthfﬂcé‘ déflecting) and

omain)], respectively, towards the work piece,

linéaglyl ctnmedng)probeied doti brzind b selgeidd ifropi ihg igreypLAPoBistingef a continuous

ce of the work
tyrgl <Pont 1L Pyl Bilre ol a5 Biufhe, and, Bngaty, girecting
prdvide@€ioh [beRBa10, Yo @iBentiahdys @BASEE] ehb&ﬂ ) offpiilBed) type of temporal -
exenpl ary specific preferred enbodi nents of the mnethod

(timing) giode or awnpen ofi muléirdedlegting mqluaf@dvh%eptmgq@m&deé ion beam 10,
corm)%gt? n Sf‘gmgﬁﬁ&%uqotﬂ% Eu?d Q diéJoB&ﬁ@dﬁE t%’@ 6 ftén‘fporal (timing)

near Sp lentati

mcﬁl@ﬁhfrln@mlh&t d)ﬁmalti)-ddﬂbd&ng)and‘rhlwmhy difecting pnovdhﬂllenn beany 10, wherein

lmafrgzgégc%(q?%ip ﬁlgsgmtie\éﬁggteepghn ggt%hCZ ad SM) egrt i()nc 1S Fgedarly directed towards,

incident and impinges upon, and mills, a surface of the work 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.
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10, wherein linearly directed nulti-deflected i on beam
20a, 20b, or 20c, is linearly directed towards,

WO 2b/dEess and | npi nges upon, and mlls, a surfBCEIQH05/000913
the work piece. Mrreover, each of these three
(linearly spatially characterlzed) mai n exenpl ary
specific preferred enbodi ners of the nethod for

di rgche iy Ha'm ‘éﬁﬁéaﬂ?t §ALAN chRsadtentdd) | dx@mplarft spBkikic preferred

pi ece, is inplenented according to three main
emtmdfm@rrtemovsﬁgé doi beam dfips raallea(sn: Wit g;ﬂqﬁﬂsie@mdﬂ defleeted)sand then

hnear&( ggftle% S%r fe%xlpg%elai M rlg:gtg n’1ul \/Hregl\g/(l:tg& é&l{]éjﬁ 20a which is
lmelﬂy deetted aad extends tihehg ﬂﬁb@loﬁoﬂ&hsdbong lﬁlﬁgxﬁtdﬁﬂhhki@mﬁ.e., the
ype of tenporal (timng) node or nmann

of L
x-am S (ininogiEye é@ﬂSrf’@nmal ItPWéféF the wrké&%qengﬂlﬁwaé by dginggpcident and
m@ﬁ@ t aperiodic, or
im pul' s é%nf %&gh@?ﬁg aHﬂlgfraa 01(@?3"%8 igt;“r:r%de or manner of
mul A¢coddifig etot mngomtnnhohs rgpe lof tinmeecsli Gigmpgpvinddel éromanner of

i st A LnEy o Tt PerpBrard Gor i) bt s e 10 i

tem@bra ﬂgl édntlﬂﬁ‘(fdsl%ﬁhi Nahs@RFick | dRBaEky (ﬂiultﬁﬁ&ﬂé&cﬂrzﬂl\dl #ef temporally
Ion beam 10, wherein linearly directed nulti-deflected

connoupttsb/ahn@@laz dizgtied, der fomning @ feimmosgllyy continmepdy linearly directed
mu@uﬁ% t%d i e%ganO?in\q'hicm's r}gﬁxgﬂ&g&e&n‘%ﬂf}o s)lp lll?le?riﬂfc directed and

€ Work piece. nplary specil

ext¢defie tHe&ﬂreeﬁ&O doneatiove Wngithéinaeixiodo fiar, tie xexiedn positive z-axis
multi-deflected ion beamml|lling of a pi.ece,

domaip)jsippardsag yoekeriess: @@w%&%geﬁewwwhwm@uq%m ipgident and
d
lmgdigeﬁé)}lg@yand hm régﬁrﬁg@w@k Wbr n%g%&éwt erized)

speC| c preterred e ment, provided ion
beam:c:b@dmg tat al mammmumusetypefd>fetmmmln(ﬂmmg)jeﬁd>®ct>ed)1anner of

mufi ot pof eerly Hhstsiis Pon B di SBRn U epAEd i beam 10 is
texﬂpbfh@l?rd1%0?1{1ﬁ1ﬁﬁ¢s@dﬁp€ﬂ9d1@d1£?e&d§pe'n@dkﬁﬁy)détrl@&sTt |tﬁﬂ:_efdeﬂ@l:ted (multi-

boveé | ongitudin axi s x-axis (i
deq@etgri) japg enaxmgp@rehmdnscpntlmmalw@erlnélcw lor pap@@edlcally) linearly

d1r d], ?c}’{\e f%rrpl%g oreﬁﬁlI (? gethtl (ﬂ.lsl eﬁghlg\& c)g Q}fﬁerﬁ)ﬁﬂ:ally) linearly

g, WOT
dlr&&mit ﬂnﬁlﬂﬂdﬁlebbeﬂao@fbeﬁrﬁ rpoar ahichtis némpralip dfsconitmmnﬂg r(periodically
mul ti-deflecting and linearly. directing rov ded i on
or aperindieally) HeAR Hide sk andecatandin e dirhgsRrery above longitudinal axis
40 P tth@%%&% (Yn é\?eaf' il %&ngletd»@ﬁflﬁe@le work piece, followed by being

then tenporally contlnuously
temporetlyr dllycan\tlnemsbd (pefiodichldy wr magemodiealiypriadiflgnt and impinging upon,

nuous earl directed nulti-deflected ion
andg‘@gh?&@éur ??’Of%wﬁ‘beral ly continuously linearly
di r Redsding N Q&B%ﬁfatlbﬁ (Ifhf? cOhtiftous Afpd hAMN28IYhtinuous type of
| ongi tudinal axis 40 [i , the x-axis (in positive

termpoaal |(Qmmg)ancn9e] qQr m@mr af nwltedvﬁmkmg |aeé dineardy figegtipgipyovided ion

beatgb oﬂp BWE Ellallclfr% gb%glglt Islﬁuoustgl%gér%ﬁﬂ 1r ﬁn%l% ”B{(P Q:llsr}:%ntlnuously
(pefi68iRhltk HiCapefiodicsllyd) @O Bhstnuisédetlyged Qﬁulhaiambtah) z(ﬂdl them@mporally
node or manner of nulti-deflecting and |inearly

continpgesly rgd pdiseangiagoysbh (pastadically ¢ir apsrindirallyh lisashy frected, for

forh?ng a temporally continuously and discontinuously (periodically or aperiodically)
linearly directed 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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tenmporal Iy discontinuously (periodically or
aperiodically) at least tw ce deflected

w@ oob21dsf | ect ed) and then tenporal ly di scontiPUDIIRDOS/000913
(periodically or aperiodically) linearly directed, for
formng a tenporally discontinuously (periodically or
aperiodically) linearly dir@ted multi-deflected ion

workE580e2 Alowtl B by TRl EontRusePNbhddRUStbhuously (periodically
(periodically or aperiodically) linearly directed and

or apstiediendly) incideat atidrimpinging spanandmiking onyirfage phtie veork piece.

40 Ji,e., the x-axi i i tive .z~ axi ' .

0 B vl bl BT 5Bt BRI Yty ot
eml_ﬁﬁd%_ﬁgﬁl bmuizg&!im bpan i 10dis cad 1¢44t wéicapl:eﬂ{eandi ondllltiyc)efﬂected) ?nd then
_incident and iningin on, and mlling, ,a surface of . . .
lineapy %ﬁtﬁd’pﬁ%é@%% %oh"%@ﬂg 41@ct§deehlﬂr4?§€gtsﬁ igjt beam 20b, which is
. tie i i .
lme%{i? %l{}éé@&ﬁdgﬁy&%nﬁg Gn 3hd Hﬁ?&[ryun] ?Hﬁ%l?%ﬂ@n@fudﬁr%gp&fsaiﬂ [i.e., the

e or nmanner o I -deflecting a
x-akis r{andgptick z@sisi dgngpn)dytotedds the wedknpid®, fgllaonddded being incident

and B e wm S e A Bt B Wtk Pl Porte MUY
def heshd@iflg (1®Ulat boftRfubBSI9Fd SNeerhptal (GRRRY) aldode or manner of

cont | nqouslc%/ and di scontinuously (periodically or .
mubiindeflecting and directing esevidediioncheppl0, frsevidesd ionhgam 10 is temporally
.enpor.al | LN o! I N0 :
con RRLEHL 0"l e RSB NS Koty contimonsly
lindatll tdireciedl) fo¢ tfeninga leaporalljaconthicusly HEndaelypdireetddymulti-deflected

. continuously and discontinuously (periodjcally ar )
ionghrap d@bcwhich) is| tepparally egrtiye dwaar@k?iérﬁatgdmgt figends in the

dirdltibg (Hdrx? 'Befowmnghﬁ’d’iﬁall 849 i4bgg..b.':‘ e 26T @R rebatfre z-6KI§ domain)),

X-axis (in positive z-axls main)|, towards thework
towardsahe wbrk piews fbollowed diyrigingtemposlllyycostamiouslydnatlgnt and impinging

di scont.i.nuously ( i odi,cal |y or aperiodically)
“pqnnﬁli“g%‘ﬂlm%tﬁc?“ffﬁﬁ (ﬁ‘getli‘?@'of}bg'l‘?,cé{and mlling, a surface of

t heAWIrdinpi BC 8- ditddntifouse padoMdmipdrhll (@aingY Hedd ol hnner of

characterrzed) exenplary specific preferred - .
mubirieftiiciiemand giresfingaovided insabaamn19.oravideds isy baagy ke is temporally
. def.l L1 fl ect: t i ne .
dls%):‘:flrtlé@?\}ggfj (éegfrﬂd gl-rlfn%rr] ga%gﬁ?clﬂ)r:]%@{j% lg:aes? etgvkde% d@éﬂe\éted (multi-deflected)
and"tHeh i terdpbralte idedontiuohe g nip2@ddicallyi ehapesiollicakbgy ligearly directed, for

directed and extends in the direction from.bel ow. .
formingg at lsmpREALlY adiscomtipupysty (pet cally, of @pfqlﬁl?éééﬂavérly directed

mufti-BeRedOB Bedm AoRhHRnt e tdRbdtally Qﬁ&onﬂl‘iﬂd#gﬂegpe*?ﬁbdically or

el ng I ncident and ’npi ngi ng upon, and m
apesiodically) lofeatlpeliracted apd extendAoc thedliregtiom frmnc belpivnloogisudinal axis

ype, of tenporal .(tinmn no or ner of . .
40 A ipe kB ket o FRBETHG (DY 0E BBV BiPigssafiiptyed by being
tenfpoPM Iyd&@dcdn@RuRBRM pkPiotiRall @ 8P Gipatibdic AR/ tihé 1 Sdnd iddpinging upon,

l'east twi ce defl'ected (multi-deflected) and then
and mithog.al surfacefitheiwotepiged.i nearly directed, for form ng

at oral Iy continu Iy lin I | e . .

ol el BB At sl YRS BAER, dipqyinuous tpe of
tengjbi’dli(fﬂmiﬂ@ mode ioh @anhyr ofi meletddleativg axtdrdtng proviied ion beam 10,

irection frombel ow | ongi tudinal axjs, 40 [i.e., the .

proy1ded; ign (heamn §Qy ds itraporably icentimsipasky) and disgeitmyornsly (pesrqdically or
apé?foﬁfcgll}?f Al lle%WichdeﬁgétQ@ (ﬁlﬁﬂp%f?elc{e}ﬁ) %R@'iﬁeﬂutgfﬁf‘)b%lly continuously

I ncl dent and 1 npl ngi ng
and discontinuously (periodically or aperiodically) linearly directed, for forming a

temporally continuously and discontinuously (periodically or aperiodically) directed

multi-deflected ion beam 20b, which is temporally continuously and discontinuously
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upon, and mlling, a surface of the work piece.

According to a discontinuous type of tenporal (timng)
worpme/onwssranner of mnulti-deflecting and di r ect PEIL2005/000913

provi ded i on beam 10, provided ion beam 10 is

tenporal |y di scontinuously Beriodically or

aperiodically) at least tw defl ect ed
(per(d?i‘t’dail& &qﬂeﬁﬁalﬁﬂly) qméaﬂ? %e&ﬁﬁ%ﬂaéxltéﬁdg Ii® CRNBIr e RMSHYm below

(periodically or "aperiodically) linearly directed, for
longitwdiniah gxia 40dhpothegl ¥- 9x1@| |(mdmgamvmcra51ls ylomam], dewards ke werk piece,
foll%\fé)%c{nl Odl ea{l}é”y é:ﬁlplorr]a lc\énglarcrel{% ygiand, rﬁkoﬁ’tﬁﬂoﬁgﬁleQperlthcally or

enpor I nuousl

apefi®EdIRY irsbaidnyamhnqmgmg dp@xalah&)mmng;eaasdrgacd bf fhetvaﬁk piede.

extends in the direction from bel ow | gngi tudi nal axis
40 Ipjthe third yaain_(ingaly spatigy athgpgteglzgﬁ, &Xe rPpgcific preferred

‘emt}é)(am&{isptobﬁle&q{n}f P&hﬁ 49 i s a?ll%agmcp)ﬂc@&t&ggﬁtlﬂlﬂ%ﬁ@étkﬂ) and then

scontinuously (periodi y or aperi od
linehrhyg idétected, aﬁod formyihg i lmg:adp alirected dnultitdeflagted aors bedra@@cowhich is
the work,p c ing to a.conbjnat on 0
linegabp At ang Exends 5 ddelh 5t G g o8 Kinfl spisygo e, the
x-akit I(H P9 o' Ry, ARDNARkefBle, Rk | éiﬁfdx‘i?.CKO Nvakds the work piece,
di recting prOV|ded ion bean110 prOV|ded i on beam 10
follpwed byvheing moyde@bmd impeging upery and guibingi :eistase gf the work piece.

(AL BILEEL 0o B L 2 Bl BRI 5o o manmer o

muléicdufleBtivgy ahd/ llﬁ&dl}ddﬁé‘@ﬁ@ prooidsd Yo rbedirhom qmlnh&ecb[on beam 10 is
aperiodically) linearly directe

d
tempaigly r @nfigutisht ph it F‘V"’ﬁﬁj&ﬂéf@@ c(ﬁt‘i“ﬁd%fﬁ%qt‘if‘) “and then temporally
Conﬁﬁﬁ‘{sgﬂ h??zjriefydﬂéct&p &bt gllnglgglay \l&n&iﬂorrﬁﬁl ‘é‘gmlnuousl?l linearly directed

ed 1 0A bea ich 1"s tenporall
multiedfiented ushybeamd 20¢,swebichi mutempbge(llgecormduwly ymearly directed and

apenio i | 1 near | cte nd.e
xiRS g b e tion b5 PG LBSTEnAEMGRE, he it z = 0
dorfaifyy)] ﬁld( {heref&ie a%M@g%c@ék@ momd}aia thet WU stecd, 61l MAdkby being
pi ece, followed b ei ng tenporally contlnuously and

temgprablr mpnhmslywnqﬁemtu andi iowlinging ppeip énd suiiling, pysprface of the work

. incident and inpinging upon, and mlling, a surface of

Pl*®he wor k piece. In the third main (linearly spatially
chanesirdihg zted) dixfhasys specof itanpural gimizg) mode or manner of
enmbodi nent, provided i on bea éo is at Ieast v%

muliiedatlestieg apdniingar! baéfrf:‘éageemﬁ% ipp digam; Hb gprpyided ton beam 10 is

t e d
tnfloff5" Spphfucliy CYRGoBhOoaF | olpaBahFlas logs twice deflectd
(muiivdefit@ed)a ankl ethére nempomnlly hélscbntmubulsr.bm (periodicallyaloo raperiodically)

i S B, 3o Sy RS R ey perioiaty

lindah§_ ¥P&dfed” 'nﬁﬁﬁ-defl&!técpvi@xg BRYmMP 2089 whithi Q,e'?ém%ﬂﬁilly discontinuously
i mpi ngi ng upon, and ling, a surface of t

(pepodicdly @mwnddwgllx)dnaadb direetedasd pytp@dsam the ﬁrgmteqn of, and along,

. I 7 . or, manner,. of ectln
ool R Bt ARG e BBl SEE st piesy, followed
by Bﬁﬂ?telﬁbdrﬁl)t gisgmtialibysyc @etibdidaits biyapetiodiealsy) ihvilef and impinging
deflTected (nulti-deflected) and then tenporally

upasippnd milbing|asurfeeralthy Werk Béeed, for formng a
t enR%oqhm% HONCLRBAAELY Jf Q%@B&ﬁho% rt%e[ &4 a discontinuous type of

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

" beam 10, provided ion beam 10 is temporally continuously and discontinuously

(periodically or aperiodically) at least twice deflected (multi-deflected) and then temporally
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mul ti-deflected i on beam 20c, which is tenporally
continuously linearly directed and extends in the
wal2zweo2ivsn of , and al ong, | ongitudi nal axis 40P¢T/112005/000913
the x-axis (in z = 0 domain)], and therefore, work
pi ece axis 40, towards the work piece, followed by
bei ng tenporal ly continuousl?y incident and inpinging
contR@us C?ﬁlrflﬂd ndiédoinfiguolys drdraly drh@pdﬂlwk:aby)emaearly directed, for
According to a discontinuous type of tenporal (timng)
formingea dempenaHi rcagtinpeusy aﬂ@fdl%.f@pp w@uabrd(nerlﬁélsﬁlllsg/ or aperiodically)
e ¥ on,,b i ded
ine iheclhd ARG or SO F0p, SHRH e e R Effedousty and
dlswnehh@dlyc@bhg’dlczﬂty dr%snodlmll}&) hdﬁrlyedhteetéd and extends in the direction

- def | t | t |
of, b plopas BRERYIEA APerd Bk e PPt RGAF Ity S TRY: By fhe work
pief 0Bl b ?/969?19% Ahpordilyp %Qﬁﬁdtﬁﬂgy%ﬁd &l@&fdtl@dbw |(YerRdically or

aper i odi caf | inear|y directed nulti-deflected ion
apebeémmoncldmt @hd impingimgopan, qudmélutzh@ iswiisgif yhe work piece.

RoliSh

axi Wlﬂiorefdrerﬁe,totﬂ”@ %-p?(X\h&ec( ioR b'éam ﬂ) ﬁdﬂﬁaﬂ? lilrettted\laﬁ(ﬂSxtends in
the work piece, followed by being tenporall
the giirgetistit ofh a%glloyg ('pegifustnad akisyt0dj.c aﬁw s Gl % y)0 domain)]. Then,
[ [
llne{aﬂg cﬁ%@fgdéﬁg}ggfgw A@lg gr@%n ;'gpgoatgl@gsé %Jﬁa&?lgﬁégs(‘rﬁlfl@g@ﬂé&ed) and
rotationbliy dinestetly prd as d:oavei’tedcmntramfomnsedt }m@ add becmmsalrotatlonally

.(timn de .or nne ef |
dirgeedamtyoeffeclds AR PR o AR RGN 13 g oRay; diffeted and
extBRRMcARichidy t@r"%ﬁﬁlelily 1i&@NEhN @,;JSJ )ﬁn@f&gteQ' B¥ Qhé i 1aeU8dsKed line
(periodicdlly or agerlodlcal | east twi ce

perst@k:tmcjy eldav(zmgir@lpﬁ@ f(}re@ylgd)'lcd (mh]"elg 2, indicated by the small dashed

cont i nugu and S
ind BRSO A o BRI RbBLBHG il i 0. poyards the
wollOpiate) FolRowepP béihg Yndi@4iit landl Qtiﬁﬂrlgm@ﬂﬁ)odl @r&bﬂﬁilllﬂglcalﬁirface of the

(periodically or aperiodically) linearly directed
WOHPIEse def | ect ed i on beam 20c, which is tenporally

gggM&gg Iosé@%?‘ B{?i i S?@g&dﬁ Qfé§ér§)tlgﬂe{:6r%g&g:isl Yo %ﬂ (rotationally

nea ected and ext I'n
spatiall g charm*temfed) anath etennydarylspecific pchfcméd embalidhontf iof ¢he, method for

dir%c‘g?q é}@éhg@ecggll on | egwp@?igpg }Q]f PN %g%sfegc %cg:roir(dlgg % & different

- sp ééifﬁcﬁﬁﬁtlo%ﬂpgb%l il (cﬁl%(:h&ﬂil C&ﬁérﬂat%al"?‘fé@ﬁﬁ@ﬂhﬁﬁlal))’ﬁlode or manner of

i nci dent an npl ngl ng upon, ggg a surface of
mujthdeflestikg ifoe @samp!@t atchonathr@p alteﬂmtmwb digectiygrpeyidedfon beam

| on Beam i.ne of a,\Wor ef erence t.o. Fi
10, SRRt pkton” s oS b, bR 20 G 08 S 20c, i
rot&idrang &rbé’ced fRvalild, @edided and 1mp’iﬂ§esal;ﬁﬂgand @B & vakifivalof the work

axis 40 [i.e., the x-axis (in z =0 domain)]. Then,
piec¢.nearly directed provided ion bean110 is at |east

tw % rgsfek ee%gﬁ%féﬁegé o ¢ éitﬁ)%ﬁ)?é%ﬁ?ﬂ?/ %ﬁh‘eﬂ?@d) lrﬂ(aciln. exemplary

di r ect converte I'nto
spdeEico Merrd‘(bteﬂﬂ)bdmadnlts/ oflithe aheiblodnfbit idirdettd entléieleflected ion beam

mi 5%22)1@ ggz?prg rﬁéf%g bls 1r?1;r)ler%1%gtedv£(lzocr9mg to [h%eartnlai%ncﬁ#e%nt specific temporal
(timing) modes or manners of multi-deflecting (for example, twice or thrice deflecting) and
rotationally directing provided ion beam 10, selected from the group consisting of a
continuous type of temporal (timing) mode or manner of multi-deflecting and rotationally

directing provided ion beam 10, a discontinuous (periodic, aperiodic, or pulsed) type of
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extends 'conically' or 'conically-like' (in Fig. 2,

i ndi cated by the | arge dashed |ine perspectively drawn
W@26hE9ISR), or 'cylindrically' (in Fig. 2, ineioHRew/000913

by the small dashed |ine perspectively drawn circle

54), respectively, around |qgngitudinal axis 40,

towards the work piece, f ol 1¥wed by bei ng incident and
temipBidl (Eih13G) WRSIR, oraRshnet bf iilti-défléedht aae rethtiéiadly difeting provided

pi ece. More specifically, the preceding, description
ion cbe@m dfpankl 8 combinagon pHe a@muwaus type pad glswmmuous type of temporal

ALK, £ TSR Ar B PERFE Btpidd fgn beam
10,i Qhelbﬂﬁmtﬁlld)ﬂdlllygdﬂéctéd wiiilk-deflected ieacbeaat 29adon@0bo @ 20c¢, is
rotghopaft GecatEie Wetsmine b o Y an A e S et of the work

| tgudlebr R shdest LE. nIBMiﬁﬁen@s’ i Clethod for directed
pw%% éghlwéﬂﬁ |feé}?ﬁgggro§|ded I on 8éaw11 eHhoc for directe

muuhéafactwdnom hearomailling ofi & wotkepieenalatd illgsttativebiedestobedoisamediately
fl20a or 20b, or 20c, is rotationally directed towards,
olloWM&%ent and i npi nges upon, and niils, a surface of

t hern@e Kirfti 880 (rddiiRue rspat%@l@*bh@facteh@é@ dxemplary spec1ﬁc preferred
(rotationally spatlallg characterized) main exe

embgshmient, proyidsdeioners i arelaass twmet%ﬂe%@ NoHlt-de ectedy and then
rotgiornglg); ﬁﬂ'e&y& tﬂf) (é&’y,l&%sq‘gta'tlg%lﬁﬁﬁgc llnhﬁﬂdéﬁecéd%ﬁ IBeam 20a or
piece, 1S Inplemente Ing to

accor I‘ ee maln
20kiviHiel ant rospoailly aiteetegosml ektends rigonicatige or deomealiydile’ around

B TR N A TR M —

upREaN Mling &l &efa88of heMdrpicg.oup consisting of a
conti nuous type of tenporal (tining) node or manner of

rmul Apccdémgem i angpomtinhiqust typconﬁltexyp@nal déitiing) prasi¢gi deomanner of

a _disconti nuo eri odi ¢ r.
muls BRI 0 Brialbar spPEIFIRG Foinafy, AREE Prjec ion beam
10 mﬁr&hd&ﬁflbﬁCbbiiﬂ 30d iy akapbalal kyntiiuoastyi g lpsstviwied deflected
i on beam 10, - and, a conbinatjon of a contjinuous ty

(m&lﬁcﬂeﬂeﬁﬁél:ém hrmotegnnoyally amtiesply aptalioRaibmgectistdog forming a
teng}% gltmm{ls rogaq%bgﬁ d’]&ct@a(i’m[lﬁtd%hbagkﬂdnyb g}x{ﬁfat(l) b, which
rovirae a

I on erelnrotatlon Irecte
is wuipbra:l@eédmmtlmdsly ootatieaathy 2disecord éi&ngtendsZ&mwalbl or comcally -like

ol oA o 55 G BB ot BBl RS eden an

| pesiifd &Jc%ro'fﬁ{éﬁéﬂk dents of the method
nnﬁggﬁgy?g%féd nmul f§?g%flected ionq%%amlnlllng of a

wor Kepirding, taarmedistordmupas itysl pf demperabdtimingreaiode eirymanner of

mu‘it‘ﬁ-'g'?fi%“ﬁﬁgaayg%otnﬂcégmﬁ 3y BGHK POAHEE, 4itgTRE priach ion beam
Oided®oi beddi QUiigl @esinp@myb@@mdﬁub@lﬁ(pdr@aﬁ:blly O @feriodically) at
eflected (nulti-defl ect;@& and then rotationally

lea@n twigerdedlected kmpli-deflegted) prst ten mqrglbddlﬁ%weuously (periodically or

ér}g)ltd}actaﬂg)elg)}tﬁ@hglﬁi){ iceifggcet%? Zﬁ? df?n% 1 %8%flygda’if<{0§tm%orusly (periodically
or 'aperivdiallyy -rbiakienalBr disegded multi- deﬂected ion beam 20a or 20b, which is
temporally discontinuously (periodically or aperiodically) rotatidnally 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 piece.

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

temporal (timing) mode or manner of multi-deflecting and conically or conically-like
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| ongi tudi nal axis 40, towards the work piece, followed

by bei ng incident and inpinging upon, and mlling, a
waabazesof the work piece. According to a CcONPGTIIIQNE/000913

type of tenporal (timng) node or manner of

mul ti-deflecting and conically or conically-Iike

rotationally directing provided i on beam 10, provi ded

righ | dh beast

rotdéfgpalggadgagéﬁ%sptrf)ﬁgggl@é t%egﬁpnm %gﬁhgemor G 10 Vik C€mporally
contionouskyu end Idyscomnalpusjm e(ptxyodxkzalbccoreapertbdtcalﬂﬂr ati lﬁgst gwice deflected

(m‘ﬂﬂ%ﬁr%g}‘)y%‘@? glal qgfﬁg%rlélg%rcgb Itulbcﬁlrs]gllo%}Yd sEorﬁlmelgusly (periodically or

apekioBRAMNY| | stationdliyn Uditkzted, rﬁiratfbﬂﬁﬁ%' Va d.'bﬁl@@iaﬂgl aBftinuously and
extends conically or conlcally l'i ke aro

dis¢anfigheustyi feariogically 40, apcoindically) Fratigsally pil@e@d myti-geflegted ion
[
beagrﬁ r2 :g 8@ ng;:,n\?hfgﬁg\% rt rﬁl?b&%@gg}lsﬁf %gd tdgsggntmdolublp Ypefodically or
apeﬁiodmalhy)i muuausnaﬂlypehreétecﬂ eapb rexdtends i ntbniga)llymdeccnﬁcmlciﬂ&r around
It| | ecting, and conica or c |call i ke, . . .
tongigedibaionis 10, (e ine Ik SBalpsRd JEaRie molieal A impinging
updnoancbﬁmhgod dufal EHMAE Aokl pbscont | nuousl y
(periodically or aperiodically) at |east twce )
def Inecth@dse(xmd tnhain efrplati orsdly amtladllyrenhetrmmed) | gxemplary specific

ont.i uou ri.odi cal | .
oSSR RO Y RBR 157 b 1 355 DBEL SRR et
andhek edthiidHafy ﬁﬁt{écté@ &bt ftineiad 4 YOt@ﬂion&llﬁ! directed alultyteflected ion beam

rotationally directed multi-deflected i on beam 20a or

20wpichyipretrtignally dlisssted (ang exfends rylindigadly yaroprd langitudinplyaxis 40,
tov&?dsa@lg r\b&ﬂ C}?@Ael ¥allorvﬁfdal;){ ?ilﬁéllﬂmﬁlé éeaﬁlhqulpﬁ'%gnﬁﬁﬁg(ﬁp d5d milling, a

coni cal Iy bni ca around Tongrt axi's
surfdde of chwawork pibxe, MBklmpmgledflmh beam d 0 hy cdmaxiial gvitinlongituntinal axis
and i npinging upon, and mlling, a surface of the work

40piece According to a conbination of a continuous type

an dAec&uﬁgom 'zﬁ%@HﬁnJo‘ﬁE’etyﬁf: bENBAPEYal ((Itlmmg)glndaedsr Qhanner of
manner of "nulti-defl ecting and conically or
mulfodeéftenting -anil keatindridally rrataltlyn@llyr éu:@qtmg movdediden beam déaprovided

Py ded | eam Qra
fon bl Pt PGy ok B tec b M o) nd hen
texﬂpﬁﬁ%ﬂty E&\ﬂltﬁﬁlodﬂﬂ @Cdt@ﬁal(ﬁldlﬂebtedeffdne(ﬁhﬁﬂhg %%rﬁﬂiﬁ*ﬂlly continuously
nporal |y continuously and di scontinuously

fOt%tp?él@Ubdldér&Ptle‘}/ rovltizgedlectediiemibegm 206, avhish 4 |t9maﬁ>r@l=lrstceatmuously
rotzgﬁ)rnafl [ #HeB9d Bl é}?&{dglcgr g(‘farlﬁ’tfﬁil&n&mﬁ’rfd Yon%ggdm?ll %15 40, towards the

t1 nuous erro or aperli odica
wortlopiaté¢, dokidwed bly beiag éatidant and dﬁpinghtge[bohpandomﬂﬁn@%smface of the
§$b which is tenporally continuously and -
WOt Bi€Ynt i nuously (periodically or aperiodically)

rot @Eb&ﬂﬁ* | Yo 4i Hﬁ@drﬁﬂu@ﬁ‘ad tfpel 8P 4Smp&a| ¢@ming) Ofode or manner of

coni cal l'y-11 ke around I ongitudi nal axis 40, towards
multhdeflasting pind agllncﬂmalllgwetﬁtlbyalbe dng:tmgcprdeuded aord beam 10, provided

fon X 10713 RESTaLT s Ohenob Oy (Pt iy iR e ast ewice

deflddasdaclntilfidefdct&s e mat arenS PREIpolAlyPr df®htiftbusly (periodically or
enbodi ment, provided ion beam 10 is at |east tw ce

apqg@ﬁ;cgﬂy}a@tz{tmalﬂy digecteds Eerefgyming a temporally discontinuously (periodically
or aperiodically) rotationally directed multi-deflected ion beam 20c, which is temporally

discontinuously (periodically or aperiodically) 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.
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and then rotationally directed, for formng a
rotationally directed nulti-deflected i on beam 20c
woio64219s8 r ot ati onal |y directed and extends  PCT/IL2005/000913
"cylindrically' around |ongitudinal axis 40, towards
the work piece, followed by being incident and
i mpi ngi ng upon, and nllllng34a surface of the work
Pi e&EoordLI 181 ) combMatlesl dfoN chRAohd tyfe SQPXI cabcowhhﬁbus type of
| ongi tudi nal axis 40. Accordlng to a continuous tY
temppral (HipuRg modp netn g)anﬁgdg f gnuliipdaileeting and cylindrically rotationally
i r
airdiHnd o SE Rl Do 16, BRI i el 16 EIAAY comipyousty and
disé¢chtih@sqsbr @ielnysdmamy Ioln wpatibdicaly)| sdsast ttwiceededletted qh&dtl-deﬂected)

nultl-deflected and then tenporal
andr hent fegmperally awtgwp& y Ak dfsspmwu%ﬁ @’ #*séif or Yaperiodically)
u r gf-a I | gQt
e
(penodlaallwmape;ao@ipaléc)tretatlamllyedamtadsnclylkdetﬂmtﬁd a1l heagr %chwhlch is
teml‘g;(};] | ::%)g{tlgﬁ%lfs éﬁﬁd iﬁ%oﬁ%%hgsrn@eﬂg%o ali(y apﬁr qdlcﬁlllly? 5otat10nally
dir&oed &ﬁﬁe)&fandsr@lif@flkal?l £08nd /f@xi?gmﬁxdlnﬁg aki® 4?0 towards the work piece,
di scont i nuous nporal (tim ng) or. manner

foll@weﬂbvbpmgemqlm m@; namag@wupﬁ@rqnéamlllylgs @aﬁlafacs @h theywork piece.

di

OS54 87, SEODY, 1 KL SR, 89 s e
(roﬁﬁeﬁalkydipaﬁfhllyyc)ha&ictdrmd) mbin eenpddry apéific preferred embodiments, and

thrde o EA S ol e T 2 ereps D anetBd B directed

multRleflR el 'ﬂ&h Q)eﬁlﬁnprﬁflﬁ\@ ¥f di SeaRt bﬁb’é’uﬁley cbmR8411y0 Fr Ceddidally-like
or aperiodically) rotationally directed

rotatidngily daﬁttednmdtlfdeﬂe@e@nom(beammacbr 2&b,tlermg¢rdmgyto a clockwise

di t | |
T Rt BT PRk ¥ e BB R, g nd o
coun®etdldoklisealircdtions a%dtl@ﬁ@ﬁﬂﬁlat els WO (dircR) 8De, fol | ovved

by bei ng i nci dent and i mp1 ngi ng upon, and m|ling,
sur Meseovsf. theeloglewise direettonacewrter- ﬂgclwse EesHion Nt fr‘qmbmatwn of
theOfclo%k31 t Itip‘g&i{)% ta}{é?ecp%” Q:oﬁntgf A6 QU&F%I&)%, f o{he comcally or
t enpora I'mng) node or nanner efle
coxﬁmllycl)d{el notaticdllyy diretwti Qnﬂdl-ldyﬂehtecbcmnngem 0204 eﬁk mm around
0, .provi.ded_ion beam.10 is tenpora . o
lonetfw#m s 1Y) (il ai)s EoRerrivR 9%@? r%%ﬁrlrf\} igygreater than 0

an(?fegf {1&9'3‘6@'°' ¥o/arRf adc@ﬂ?ﬁgngov‘ﬁtqgasg B8hd @&Bﬁgte rotation, that is, eqélal to or

ti-defl ected) en tenporal |y continuously a
gredies tont 366U u&lr;he@peneg sutihcprtial quandpemptm:h wdtlop)of the conically or

cotigaifitodeleyosaily” g MbokiAR dohodFRar i opr 200 around
lor@RBdinAxEPA0 telrcleo3Blis AtRdkdirg @ b aEleshdForthi maﬁflé @ﬁie%f conical or

I'on beam 20c, which is tenporally continuously a
conjtaldikat fotatisnal ;no(upe,r prjand amqrdl@g tap@rqoaunwﬂ wand discontinuous

e]rn%al%; arx Oe?f%ld{cy or ulgecdz ggcﬁaﬁg ég ?ﬁgonq al 'ngcgmcca? I11'1(%! o&%@&&? motion.

ong dirnat
AdditiGeillnothe RonidE Rt oxadmldanmm@mguumry dna-méd ultiide@ected ion beam
surface of the work pjece.
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 40 (circle 52), generally, projects as a circle or

ellipse.
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Wth reference to Fig. 2, regarding the above
illustratively described two (rotationally spatially
w@bmsezwsy i zed) mai n exenpl ary speci fic pref erp@niL2005/000913
enbodi nents, and three tenporal (timng) nodes of
i mpl ementing each thereof, of the nethod for directed
mul ti-deflected i on beam ni 135 ng of a work piece, the
confeal l H{:al ia(ﬁ@h%ﬁéy (lhkl%gedrxﬁﬁlﬁt degl@%h YorfhdafE3idis accordmg to
mul ti- ect I on a or , Is according t
a chickwleai dieection ,ea tdoomter-elockowise efirectiars ki & gonbmatibn arf, a obckwlse
a_.conbi.nation of a cl 005W se direc

Gir O | ORI SHI BT iHona PR RORGILT: Fif 4hxfcgrele 59)

AddiloAdliy’ %rQhé@lmdmﬁl@}OKﬁitlontaﬂ?dﬁé&é‘d(iﬂuﬁﬁdﬁldc&@tlbﬁ’ Beam 20c, since
counter-clockwi se direction,” or conbination of the

longitustiiakiaxés #0 ieeeaxish withi pravidedoionthspmcl s dhevclpskwise direction or a
cournk) fcic %ﬁeldcflfeatubne r%gm%alo{ Xyl &ld{ll gl@% Po?tl&ﬁaﬂl hﬁen%t%rguglr-deﬂected

I rec 1 oNn
10n2&i&rrﬁl20bl,n§kohﬁdlgbﬁg.idﬂdhﬁl aiiti 80,48 dquivatdne t62)lockiveise direction or a

according tQ a rotation, that reater than
cougler giRpkpEslitesto %f@tatloa@/f sHéndaicaldy mtwﬂe’cﬁ’]’ Geeqtehgpltidenected

1on°¢}§m°§6ﬂ3£r%h§% ?{?tﬁgﬁs r@perom@& I11(5rr°'bea?19 48! arldOthefeféte egﬂoﬁﬁd an axis of

suc artial or/and conplete
cylmdhaﬁllmmfonambedmmdaahlnydaﬂeced norcbdaimy20d. ke

206 MgrBIA Vo RgF Rt Ao dn SRy apaerss By TR & nbination of

theA &Rk Wised directibrbamld- and- d‘oﬁﬁfehclo@l%«'isegdirb’d@i%nOfofC Qe C@ﬁhndrlcally
or conical-like rotational notion, or/and accordin

roraicpaly e ot dofectRcoorcom gy gl i 8 (eircle 54),
is ac%ﬁfdérggd 'tc?: kéar ﬁuxlo%aq%)n ?f?‘a‘f' % %}E&{E}’ c}{c?}ll 1\" CQ% tﬁﬂaln $¥o °, or/and

Fotati onal

accofdihgabl at RastCOd cohpltd rdtaldmtthitl mnalqhzyl thi bﬁ(gmnier than 360 °.

| t1-defl ected b 2Qb, d t
Furgl;ijerfq!qée,sg@f gqggglcc;rﬁlgg &(e)lglp %taoio{gndq rtlg‘ccf)ﬁtaaglcelﬂ ygrota(t)lonarl}/y directed

mu‘ﬁ? gﬁ&ﬁed"‘i Mn?@ﬂg'af(ﬁgxtd 199% thﬂneﬁ%ﬁH B (EiRdle BlY) is according to a

W se |rect|on count er - cl ockw se direction,
badkedral-foothatockig tyye af cyhidddicah g]otamdmdamoauon,s ogand diceartlimg to a

52), generall, ectsa a circle or el
cogipytaraa BBt En (PR BEOSHE Y | Peleeh) Geapry tpe of
cyliRiicBe &blatiBRal nfotRAECOT Aﬂﬂﬁoheﬂlya fHeO ClMhErRally I ﬁﬁitidﬁﬁl,ly adirected
counter-cl ockwi se direction, or a conbi nati on of

mudti-deflevitesbion heatn 20m agonadiag doany of thel iekddsesbed; “rl%kt"Yl%dlreCtlon
co?x{;?ru ﬂ(é(ngﬁrgdlréj foplal I &ﬁbci{lé‘f? (&4 l(?é)lﬁva%éf'aelgetcﬁgxg laltld théryclockwme

rlca I ona

dirB&tidni, cjilﬂfdrfaﬁlt @thtioas tbsﬁmﬂﬁlmcisllonglmdmm gixisuddi @arkledd) sgenerally,
40 is coaX| al with provided ion beam 10, the cl ockw se
Projedtedt 3 8FCler a counter-cl ockwi se direction of rotation

MEh @gwn%g @l’il)u]a)éte;'tgfgﬁtthgfﬁlek%d ﬁh#tﬁ%rzﬁgcw b4 BQ@,LI ect ed
equiWah mﬂarehc:e o Bigk He tidi abewe iilbustratively descrlbed different exemplary

SO YRS ISP Bkl £ et o GHGTieR. meirdefiegigd ion beam

mlll (151‘3:9@0?[9 BicRE, 044REkIRTY R¥the spécifié AMéA QA rb@ﬂoﬁlﬂ apatid (directional,
therefore, around an axis of cylindricall

‘ormuaaomabmmfgumtmmi) wodeudrn marhstd, asd eecording e thespedific continuous

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 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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Mor eover, the clockw se direction, counter-clockw se

direction, or conbination of the clockw se direction
wamdentiesgount er - cl ockwi se direction, of the PCT/IL2005/000913

cylindrically rotationally directed nulti-deflected

i on beam 20c around | ongitudi nal axis 40 (circle 54),

is according to a partial ro¥ation, that is, greater
beahhﬂfh Q0b 21 %0k e\%ﬁllé ﬁl%&teﬁqgwardgrllnéﬁgm%@ Pnflin Ehgtdboﬂt and milling, a

| east one conplete rotation, that is, equa or

surfpceaf the warkipie860 . Furt hernore, such parti al or/ and

co leterr { I | o - 'theC l I ndr #C%L\kflgghgéﬁé reoc?e%l Xltl-deﬂected

ionltRAGI Ioudz(nalor amt avtﬂ@ t{emgrcﬁ}eetea%waﬁs dacioerdiand ithpinging upon, and
back-and-forth r ocki ng type of cylindrical rotational
millipg, dyurfage phihg virrk Giegengor » bepadaen beamd (BIR) tyngref ion beam milling
S i adi Q!
of g{s?c&l?]ln tng&'é) Yhe Qiﬁ’a?ﬁ%t&dbﬁc @?f{%‘ atﬁg rl(gt% gt%{%ng | ﬁ'@f&abl% in a range of
betAdeh abomn a0 Inycrohh md:ghoruanOcmldr(ynsr(@mﬂlm@taﬂs),ylndi nmoge peterably, in

mul ti-defl ect beam 20c ccording.to any
a TRRge: o Edeernaow S deg e %nfO%Qdﬂm%}S 0 oligged. For a
foctlsddGi6h ib@am (PIB)Q%@bﬂ"l%h'bQ&n%lll%%Jm SR bleBe,!the alaﬁﬁd:r or width
counter-cl ockwi Se direction I ndrical rotational
of thetipnbsamrisupraferabhyiin wdiangd oahctsvetm) abeytrc nanosrfers and about 100
Erally, projects as a circle. Min Paraneters
al%ﬁ’?a Aeterizine the Directed Ml ti-deflected | on Beam

- Wt hheéslteremsgey)t 6 thedon DearhO intéddety qbmutgy) of disdcteal invki-yeflected
descri bed different exenpl. arg/e specific preferred,

ionchepw O A0k, o5 20¢.vehilechangdiresfed dpwards dacidentiand drapingingagon, and
r )
miflf33, PSR of URSGHc Allr brdltra6iS, 1P AGAE! ObeiRrebi Bbout 0.5 keV
(kilor-é¢lesttomt viodtepdnd abonf 12k \a (kiR edtromoadts), and menmpreferatdyidn a range
ccordi,n he ,speci fi c.conti nuous or disconti nuous
of bel¥pe ahout “iFn ﬁ?ﬂiég k§V- manners, of
ul Flrsﬂﬁflé ﬁ&ji\‘a'ﬁge 3nthedhieaity @Fcy Py HE Gor EH&HJP%@% %Qam 1nten51ty
wherein directed multi-deflTected 1 on beam 20a, b,
or ergy)ids, ‘dhqrecttmwe@mm Rate of dleange g thei lmynﬁge@n@rgmh?f directed

muﬁl&gﬁﬁ]?%erds 1%{%5 r2§$ o ’-!\)p Bf E@cagxim&r nd Icgﬁrgsfpg O{ﬂquﬁlgg‘al rate of

chatige @sttRel intehdity- (@ﬁérbﬁﬁbﬁdn&@ﬁbﬁﬁﬂh-ﬂ@ﬂect&ﬁ&n lﬁHanQQ@a 20b, or 20c,
whil e directed towards, incident and |np|ng|n upon
whilg beifig) dirastpd tawaidst insident andvispipging ppemeandrpibiag @ sugface of the
womptepe of the ion beam dianeter or width of directed
ti-deflected i on beam 20a, 20b, or 20c, while bei ,Ng
di r Setond ﬁmwatedisratwenof tlenintamsdy i (amirpyd of) thepiam, beand d’ (ion beam

GG BN cviie | SRISEHMIT N Lot HreoLABt B pigdlrivative

of {E TSR} Sen y)M | gt le&fte(f hRulliQRAB&RM foft - b&nef Radbloh, or 20c,
in a range of Detween about 30 m crons and about 2000

comésponding (@thmtetmporeltretes)f changg oftheetipe démvative pf thenntansity (energy)
rneofe en aboyt 200 mgLons d _gbout .1000

of g Gy RAERRA NS cepm A £y it Al TR il testey towerds

indidepeanf imfngike ﬂi%l’mahdl hﬂﬂhngfa $utRic¥ef the RidEk ieck.he

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

the current of directed multi-deflected ion beam 20a, 20b, or 20c, expressed in units of
current per unit cross-sectional area 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. Preferably, in a range of between about 0.08 mA/cm?® (milli-ampere per square
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of the ion beamis, preferably, in a range of between

about 5 nanoneters and about 100 nanoneters. Intensity
w@ snenzppys of the ion beam intensity (energy) BET/IL2005/000913

directed nmulti-deflected i on beam 20a, 20b, or 20c,

whil e being directed towards, incident and inpinging

upon, and mlling, a surface3 of the work piece.
cenPhei&)" %IHHYabo'uF @or AIEM® d(nﬁﬁitéﬁﬁ U§qu9re5ci"tﬁ%eter) and more
(kil o-electron volts) about 12 keV (kil o-el ;ctron

prefesdtily,)in aamgernf rbetvmeefabwatﬂ g/mA/anaarrdeﬂbQét Y mpéemeen

,. .ang Pl _IC d ?Fﬂonﬁﬁie ﬁf‘ r%ftatlon or

angu[HrQiié‘pléc)énféht smﬁawhémy dme&ed %lﬂtlfdeﬂécﬁe&iemhsbdatrﬂﬂh Rabe or 20c,
of change of the |nten3|ty ener% of dlrected

aropa {qneedinalcadt 40.ohile heing slirected foweds.dpeidenti and impigging upon,

I tol

and R{IIEE RRIER00 e 08 HEOT 00 raf R Rl o0 e rotation.

beaRirgOime 2kivatore @Dthe mititionabengie odlangg.@dlsmbwamdm of the ion

I NC| dent apd i.npin and [ 1in rf.ace of
e R ord SR SO Bcerb g P eaB IRSE  Hpresens
timeNt RARI &/ cﬁﬁ@@r(ﬁyﬁleolfotatti&ﬁal' Sil10 R MngHiAf idXNplRemBht of rotationally
intensity or “energ 2, where t represents tine.

dirgrtede myiti-degvips oh gdael 202,520k, jor20ge pioyad ilengitydinghaxis 40, while

bellggglfﬁggté(i%%gs 1%&21&2\'8%&'15??&@;%%%“ ! Ian? %l!lﬁg ?%r\#)fg@ea?f the work

piet&t Wit ftintd) a0Erespohdiniaotd renpdedli et b ehadfre tdﬂ&he Iﬁdit&tﬁkﬁial vingle or
(ener gy) of directed nulti-deflected ion, be

anguas, lﬁnlaczm@nt ahrqtationally dirgeted mpudt- d@ﬂ%é%son li’f‘ﬁ‘m a@,“htz"b or 20c,
, d |

o8 TGP 00 4 D8 AR S A o, an

millingengirfacabf thaveal piteaisi ty or flux of the current of

directe rrulti-.de.fle ted i on beam 20a, 2 b, .or 20(:, .
exp d L 1 the ion

bedth: e(ﬁ(l@fatlghéleaﬁgﬁ%r%bﬁlhr aBpla8Gh&f of A B8 %139662 wh&te t %presents
berng directed towards, incident and

tlmerrp&ag: n@ cbmm ofathe ﬁirstltirng derivafiver af ghepfotatipnalyangle or angular
ece. Pref .abl
dlsﬁi&f tG Fagmgaﬁ%' ‘?‘é"*" K& s[q%gg?tgegteeﬁtmr]ret er) aﬁ?!09 o ug0¢, around

lon@ﬁﬁdlﬂhlAé)ﬁ{;TQW( Ritilel benp elirecteé ro®atday theient laﬂ@tlmbinglr@n dpon, and
nore preferably, in_ a range of between about 1
miling cpurfacg of isuvorkiepsy WD g, cofrespARGING FRyR &e%froral rate of change

of ﬂ{egﬁllls@ﬂmg'cﬁeﬁk@t%n@fn&le %tafl&?al 'aﬁgl ofaa!i{?uliép fis g%rﬁerﬁ of rotationally

rotation or angul ar displacene ot atl
direkted atuddl-dafiedted obaf beaad @6a,i 200, h&alﬂc?.@m,un@OMgltmduﬁDaxls 40, while

SRt Bttt R A M e aor pice
sur paceid, phite oPRhiecltE © thd fbn%eraﬁin% (ﬁfecﬁgﬁvﬁaﬂp oQ trajectory, of
and 360 per rotation. First tine deri vatlve of

direasech mudtirdéfleotag lendleamnyl;l aﬂb,dm%ﬂ%lceﬁmptmdmg th ebcp\@nllustratlvely
des?:re]lgg% 3%&%@% trlyegx? %r V@gxﬂg&% 8{ ng gé’lll re or> ‘c:lrlgnw rota[lonal 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 20c, 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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time. Rate of change of the rotational angle or

angul ar di spl acenent of rotationally directed
wordobio2ded | ect ed i on beam 20a, 20b, or 20c, arpCmii2005/000913

| ongi tudi nal axis 40, while being directed towards,

I nci dent and i npinging upon,_and mlling, a surface of

the work piece, wth tine, c3t§rrespond| ng to a tenporal
whéRb# tihe BhRBEUSIoATofahficthed &lrl diRkeled 3NGliQleflectpdibdlided ion beam,

di spl acenent_ of rotationally directed nulti-deflected
inclugingotbg folhpuing popn sigps, 204, C%ilmmts laB) éwtcuamﬂmes abgreof: directing
o508 e BLARTRE L BRI s BERPRD i POy oo
iont beam, B rdefladtingeandfditebing tiegirbvided icaniglam, dor ﬁmgmlgaar dlrected once

slac ment of the.ion beam d2(rotational |l e or
detﬂﬁ&@ ign 8?‘%11'1“90@ fm%fmff diEcctiog %&ﬁc}%%ceﬂﬁﬁg eq 1on beam, for
forbyofl £aERkS1 twitPderfRel i b&m ?E E'&?tﬁe'tﬁﬁh deifléBred ion beam.

erivative of the rotational € or angul ar
di splceardinght, vath refarence dn &ig. 2, dlpnge\tl@ohdﬂmmalméffm@@tteflgs 3,4,

5, ,8& %ﬁ-a{ﬁe%gee pﬁ:ghogl ﬁpﬁ@{ré%%{l Mﬁ éigﬂe(![tﬁ%gadt “d‘d”eﬁ d jon )E)eam includes:

dirkdiigNidng 16430 Bwica ddflsdtig the, é)r@w&éd foacseanf 10 hlBr \&riking a directed
piece, with tine, corresponding to a te oral . rate of

ml'émréﬁ@@t%k iontheary $Qa, 20bner a%mya@qﬂﬁétll@ﬁ apch dirglingt the pggvided ion
bedil) Qk)efo o Pnﬁﬁgg gﬂllregheﬁg(leng% gﬁ@&ecg[%r@aﬂlt ggpéla!ni/plg'%g%qg Figs. 3
and 8ngilbn dr n6b; @i ia Figs. 406j 9,eandi I0cas &6, hndtydeﬂSctmgnmddhrebtmg the

b aIaTIeSEA S Digat hoaghe 6Paf L6 gFipecielpdor ning a direted

twiee ﬁé'ﬂecftélﬁog ibE£h bEiR a tPRd 85 the Ehr&crtéli ﬁﬁitpéléﬂecféﬁ i6H b&#mt 26k, 20b, or
mul ti-defl ected i on beam 20a, 20b, 20c,

20correspond| ng to above ill ustrat [ veI y descri bed
speci fi.c |inear or oni cal, .or coni.cal -li.ke, ~or, . .
cy 1 P EE e RSt oS Ry R f Bl Epe 8 evice for directed
muMildenécidd aoR| beaGPHhillghyl Afi @NGbIk rPetes ifcludBpnehes félfowing main
mul ti-deflecting and directing provided ion beam 10,
compprants,andrfynstionatitiasdheraet: an e bram sgureceassimblis fegproviding an ion
e d
be:%]}f ztiﬂd' ’{okl%%tmgl dikedf} r% w&gpﬁig&ﬁgg%seﬁ%gy fbﬁiﬁjécrtﬁg afif at least
twikd rdkﬂec&mgfthé IpﬁmMHdkxoplbema fokrfotrhmg Mractedsrpeltxt-daﬂ‘ecueti gon beam,
present .invention is a, sub-conbi atl
Wi s SR Sl ee R 368 BT onaBees toviardsndpet ge Renb i impinges

up¥RTald P RS & sufticIGSRE WAdpIBEL. € nabove whereby there is
provi sion of a nethod for directed nmulti-deflecting a

pr oWigl Sdisiacehdpatin diagremuidlustratinge sidd Viewi qui materde@m@ds/erswn of
onent s, an funct| qﬁs |t| es

h
o€ RerB AL Y el ARG D, B oo PR pRbing an
exérﬁ?laf'ﬁp@blﬁg p?ef&'ré@éiﬁ&ﬂiuﬂ@httdfﬂﬁ’@(ﬂév%t Bélng h Be@AMnitn00, including

lecting and directing the provided ion beam for,

iorf bgam digecsing japd prudtétdeftreding esse@tbbeulﬂ dor rwecgrﬁeﬂaﬁulg an ion beam 10,
anlﬁi gﬂé)\g*ﬁg'arﬂ%ﬁ(%mg‘ag* ng?e% ﬁ Igrgfr eg, e %ﬁ rﬁ‘&t %IP?% QS{[J e@%eeﬁinagmg and

millagrdeeetioguait B§e of the nul ti -defl ect ed i on beam
Accordl ngly, with reference to Fig.

addifig- éln|§|a spl@{@t@%r% 1y sé@tm%a sigle v1ew ) t%n %1rected 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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5 8, 9, and 10, the nethod for directed

mul ti-deflecting a provided ion beam i ncl udes:
wa@l2me0219s8y and at | east twi ce deflecting the prowiideas/000913

ion beam 10, for formng a directed nulti-deflected

i on beam 20a, 20b, or 20c, by deflecting and directing

the provided ion beam 10, féP forming a directed once

beaﬂ?ﬁlr@&ﬁ@darﬁ@&@t@ﬁ%&fuﬁé ﬁmy e1203 Qmuﬂeﬁ zﬁidgﬁmcﬁo@i‘cfor twice
as l1l6a or 16b; and in Figs. 5,9, and 10, as ,

defbnmlg@ielbhéncamdg and directing the di rect ed once

For 1 op T g T BN Bt S8 edin, o° s Aty PERRRRL Siui pretorrd

embBodiipts of tHehfettlod Esitdifdctel Inhiilti-defibaed RE Yeam By 80awork piece,
20b, or 20c. Another main aspect of t he present

accpigiiignt i0orfhe s SpscHfis slinsar opr arogsipnale spafial dl(ii'é%‘tt@éal orientational,
con@‘gh{aha E,' ﬁﬁ&é’sd o OhaREAM Thd | 18 %ww dsBé&ﬁ@ continuous or

e follow ng main conpo
diséamtiatiousn eemptora s(tinhieg)e ofozdeaa for | raanrees mfsnmuttc de%ﬁagtﬁnyl directing

for pro idin a I an am, a i on.beam difect] .
proglad R BeatoR Gl ey (SR PEHG A 24b: or 206, is
dlrécf‘éﬂslto“ra}%sc ﬁlc?tfefnt 8fid irﬁﬁnk&euﬂ?ﬁlo)ih&i g, Qinsdi’ﬁ@@]of it work piece, as

ormngadlrectedrrutl- | ected i on beam wherein
shommeindfige;t ie generally ap,tdfqablctfedllluetliatb@émd«mrlbﬁngéb@ device, being ion

beatgg\ﬁlvapjggéﬂ :sl?cﬁqrgel},\gﬁ%n g&i&g@n eeéelﬂggrq ’be%xﬂs Clﬁ?e (? ir&c‘i‘udes ion beam

dirébtiag aadmidlfidsfléaingRgseintily 420, \spesifiedllyaforpriee deflédting provided ion
version of the exenplary preferred enbodi nent
begm Qstrated in Fig. 2, particularly showi ng an

eXGRE&&HM ‘E&éﬁdv&l i fﬁ%seﬁr?%[nﬁgbﬁ%'d@% Rin n%i!}l & G GRe 100, for

bei ng i one am uni fng 1on bea recting
dirgunetl multi-deftbetddeohi lﬂagmasmlhn@ Ioﬁ al®6rk piece, tintlodes the following main

def | ectl showi ng an
corgraehviaad SRR B DR ot CoR SRR MBI G L. forproviding an
ion! BRI 1 AA%nToh lbeRfl HREGSE AR mMUR-HefRRfng Eksﬁmb‘ﬂy '1§0 Hor directing
schematic diagramillustrating a side view of

andjatresst @dcwflqcud@moeraeé dori l@ﬁanbk!hrfwﬁorrmnﬁghr@fsteé nmdtﬂdeﬂected ion

oo 08 s AUy (BR800 s ARG af L 2SRRI bR, 45,20 wherein

dirédiediingi-de fldc@iSiof Ram Al orSA0be(il IFRW. Qfana 'mzuemdlagauj Bddirected
conmponent | evel version of the device, being ion beam
towagds, ngestent andcimpinges uperh 3ad mikks. peurfasepfdhgwork piece.

mul [ t

funce; S, Sbh v RRRED dorddl) 118 (RUGL W Elathn fop beam 10, In
gereedy ®ni behmsdouadel asgemidg i) pgenm'atesﬁoxt heand i10 fbyr ienizing a non-ionized

exenpl a eC|f|c erred enpbodi mepnts of the netho
parfise PP (o CTANBIF. P (AP e ot Pt RPHGE Geagibly 110, for

exafPIK B £66n-iHEA Trde Sehply SssSRBH 1126 Inl %b%@fal Hon-ionized particle

rotational spatial (directional, orientational
supphindssgmblat 113riakithersdpsasate rfromam)n wsgralaﬁodloadmamong:eta@sembly 110.

Prof@apPh inriotiee S bel SR HZ oibatef Mg qmd operatively
corfhictte@ td, Aéh 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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provi ded i on beam 10, wherein directed nulti-deflected
i on beam 20a, 20b, or 20c, is directed towards,
WO 2wb/dEnss and i npi nges upon, and mlls, a surfECBIIZH05/000913
the work piece, as shown in Fig. 2, is generally
appl i cabl e for |Ilustratlveg&hdescribing t he devi ce,
bei ng i on beamunit 100 in Figs. 3 and 4,
parmsl@ rssﬁln{ iOdh lla@ﬁ Phd)Bhdh ésoaggd,mlr Wegsh. | AR chGAphA l'icﬁﬁd h{égal type of
defl ecting assenbl'y 120, specifically f
mntwma@dﬂeﬁmbﬁmpﬂg1@h@#d@@@Uﬂon beam 10. Accordlngly, as

sho n .Fig and 4. .1t dev, n_beam

uni mi (515“0?’ oﬁ% i elcc:) {l oe A PF Q’Z’f 1% ctth rle%ﬁﬁ glgver%%on Is"Used for
perforlind g bdad don\Bdakn (BIBY @ypel dTGhilletgSoft the wook pizet,ng, afemiatively, for

conponents and functlonalltles t her eof : ﬁp Jon beam

RpA 8@&&%99 qarp (FIBy tynsrafymidlinggrf4he WSFK Bigssm Agsordipgly, for a
L ec t by
bm%%% T B A A O 2T nE B uni 100, of
thepresent én/ention, hh«anoﬂ-(ibniietdr pdrnclm sapplgti is et et gas, such as argon, or
nul tj-def] ect n b Ob..(in Figs. and 3;
ey Aol or gefRErsaiign o CEd dn yineyape S ipalefyentaiion of th
de\ﬁ'éer ﬁpdft %d idibdahr Gt 160 bE thel REscRERNEARM, BHe rAbiohizBd Eaxﬁae supply
3; 20 in Fig. 4) is directed tomards i nc
is anl@nuldrpnﬁgbéyppp@ﬁ nogrignized | particle swpplacdn opartlﬁéarv\drqmd gallium.

PreflFnal Tl st et TR PR Sody BET 8ot B R hcnon, or

preR&RBIFIr nihikfiziog pehehcn omlﬁe&mnl& waiyhih ¢hel silrihge af the work piece,
non-ioni zed particle supply, for exanple,
thegglyyp IMRFQViNg tﬁ% quality of dg) ﬂaﬁedaglg@wa %rmtheflev bé%&rfﬁl”é“g of the
wol¥pificd1ON- i oni zed particle supply assenbly 112. In
e%eral non-ioni zed particle supply assenbly 112 is
e| t heger&sxb,amabm béam mit d|00; phdgaml sonme asemijpdit) sewbe of various

serrbl O Pre erab non ioniz ticl
GRS T amBlnibiin softee Seripendt it é fppliiton BIB)
type @R iFb&sh §Ruwce &Eb(ﬂﬁ?%%f&ﬁVﬁ?sﬁrﬁm dYectdf imbadt (BIB) type of ion
exanpl e, as shown in Figs. 3 and 4. In general,
beamy ﬁomm]aszzembbawﬁlmlree@hp@ﬂrylongeé@g@wtq aipply hlﬂylStayp@ert gas, such
h of chem cal which is capable of bein
asarégn%rg’égsuch that in an ionized Porm 'S capab?e of
m | Flgnos tihe vehetafic aligprahir glustiatiigy a jpdrepenive ivivw 28 dthe directed

artl cI e supply is_selected fromthe group. consjsti ng
mulfi-deflecied 1o §edm| mling qtet ayork Anleé%ewnga@t ¢d gastigypé. o and 4,
I -
pariohlal S e Eipfad fRLiic riefBficl Bibb it oPUER JFthe ion beam
firgt daﬂecmng assedmbiy 122cdnd thcumnl bpams»ed:dnqltﬂerﬂlegtaig assemblyH@4, included in

fon gy iesting fad Gl CRE pREPhyo Y ket BHED Biygiructured and

furcRbR f&rth?cleeﬂ@%tidg' aﬁgoﬁf)eénli‘%mr k piece, or,
alternatively, for perf ormn(gafocusedlon beam(FIE}

typ§V1df rfrﬁ:ﬂeno;mg) Bfgst Be3wdr andpiSeden bewn alingching wnd mayltialeflecting

g L0 35 B ebeting onit B e it i R BETRGHRE 1Bk i beam 10, for

foririve Biré il muedéoteld Qo B&n D64 bi 206 (MUFIRS.\2 arkl R0 iMEFiks. 4 and
5), wherelﬁ L(Ii(l:rgctgc? rr?urltl-%gﬂected ion beam 20a or 20b (in Figs. 2 and 3; 20 in Figs. 4
and 5) is directed towards, incident and impinges upon, and mills, a surface of the work
piece. '

Ion beam directing and multi-deflecting assembly 120 includes the following main

components and functionalities thereof: an ion beam first deflecting assembly 122, for
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xenon. Alternatively, for a focused ion beam (Fl B)
mlling type of inplenentation of the device, that is,

WO zehEam unit 100, of the present invention, RCEEBIL2005/000913
non-ioni zed particle supply is a liquid netal type of
non-ioni zed particle supply, in particular, liquid
gal lium Preferably, non-iorftlzed particle supply 112

deﬂe%ﬂ@é‘aﬁcf‘ﬁﬁéctiﬂ@ﬁzroﬁﬂ&h 1085beAh 90! fof fortiiiP R dufe@t"ed once deflected ion
preventi ng or nim zing generation of artifacts on or

beami 162 ort16d Gurligcy b in tFegswdr inddpead anHendigpm second deflecting

ssot R i i rfonte i Ui redrsbl e e R 8a 0p 16b Gn

Figl 9N @@aTpd) i dnd 59 for Fsthifea dir6Qed Saicadsftidyiod I;Qarﬁ 20108 20b (in
of various different types. For exanple,_ jon bea

Fige hande3; 284 Figisy4 3nd>), &esaeddivsh heinaptone C(félﬂlsytefiyrpétlxsiﬁﬂected ion

Y is an
bea BPSAMRLEGE PARCF 20000 L0k RahESLRpVAY
asshngdngral wioarbeam #ac Heflevting iassenbdyl 192 indlwdes ass&epmtf ywo pairs of,
h as ar

1
prefegably ot PR VPRt o RAT PGPS cbr FLreRaes UBIR et pai
the%flectrgﬁaﬁjd pBfs %{J elirbdes el Léfﬁ?a%ii ﬂ)yoﬁ‘ p{%e@éférmlhéd fPafitiod distance.

piece, illustrated in Figs.
Fop a:uxamplql amﬂhyreﬁelmwentg Bigs.e ang| iarlyn épemu ff'mSt: dpﬂ@m@gra@@lembly 122
i rst..

incFBERRI 109 e T 83O SRR A BEiF R i plates o

elessREhy id, 2Afirst pait bflEninBtricany b@ﬁﬁbrtﬂdf@@lﬂoﬁl@u@ﬁﬁws or electrodes
mul ti-defl ecting assenbl 120 of ion beamunit 10

1229, pud 8 secend anig of smempiically povitiengd clectiestptie plates Oaﬁlepté‘hdes 122b,
wh r%ﬁfne%ﬁ gy\f tfhe reﬁé&g{o@ﬁfl él%e%: | @Selechrodsy af n%ﬁﬁﬂga{ %lgep separation

eam ing an 'ect1 ng asse
disfaqice. di rectl ng and at |l east tw ce deflecting provided
i on bea rm ng direct nul ti-deflected io

bealf Bq'm Bt El;tﬁec'gpgsassgn #d 2% e3gh P EPly € ec‘ﬁoséaﬁt? plates or
eleét}%de‘é‘htﬁﬁtefsnﬁg't ?ﬁﬁ;to?@lé{&ijoﬁthﬁ@ %fak&céreé#edtl‘%ﬁe@m 248 s&ond pair of

(in Figs : 5) is
elecirgséaticadateoovagietroden 822 ns Slam&ie vaiihrvg@dtagp orovidadcby a designated
surface of th eam di rectin

ondhi ey ¢ rRieh Bl Nt E SERERyRAESE: i PrydEBVeiS & Biftcularly

shdval |11§)VF1€94”HD'ﬂmﬁg anSOﬁri@h foem@t fignaldibimty bhemddf 122, the
an ion beamfirst deflecting assenbly 122

magpitysierqfdhe V«N@garsupxdmdéetfirﬁgaaﬁmﬁlmsqa% plgtesrar eectrpdes 122a by
pof TP P 3 EC G5 GPLLSRL i ARCPPTLLBE Py o
suppby By diettarhines thiereg tems o Lsylakiyl (liddar ahd rotdabatcddflegtiamal provided ion
besn I " St S RSy 505 0, DA 163 01, 68 e 1o
lon%itﬁ(ﬁgﬁleﬂlstw ?(ﬁr tgxl%félg@ Qﬁr@&edl Q%@gﬁggﬁegﬁ%a((gpgg' (glsFlg 3; 16
in Figpet @ i rect ed nulti- defl ect ed i on beam 20a or 20b
(0 \f %18 ortant &Jec%lve o(% operatmg 16n beam %rs )deﬂectl gegstsér\ﬁgfyy 122, is to
optimally spatially (linearly or/and rotationally) and temporally (continuously or/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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In general, ion beamfirst deflecting assenbly 122
i ncludes a set of two pairs of, preferably,

waywerwssal |y positioned el ectrostatic pl at eSP@I/IL2005/000913
el ectrodes, wherein each pair, the electrostatic
pl ates or electrodes are separated by a pre-determ ned
separation di stance. For exdﬁpl e, wth reference to

lonEit@final 4x&N40,5accb@ingd &AM defleStiord8idIE carl 20 aﬁgﬂs T efledi?oh, herein,

I'ncludes a set of two pairs, of, preferably
refestpdhte s Poallhip ippasticulars shawm it Flgs{t,avhl%e ﬂlrmt@ds fqgnsed ion beam 14
el e .St | r,of
enterg S1|g d g%cz%i c%cgpc{m%?c{ a Fif(l:écnloat 1 e OD, {H{? 351& B%%)gl,rst deflecting
assﬁﬂb'lyazs @& cthiedopaiof a dfreétydm@der deﬂa&tle& 1cﬂmtnl Teed

el ectrost ?tl c. pl ates &r Iectrode 1@%{),, E{gerei n each
pai 1o gepgial.dprbeampsqcgpd deflesing asssm inglyges et of two (an inner
andzgr? 3tRhed nietfical ﬁﬂcﬁ%&@n@kﬁﬁf@ﬁﬁtmﬁé& dNspRARIfy &sélhptlcally

Iectl g asse , eac Ir of electrostati
shapéchbesord'rgued(bdmtmj;ml,c plates or sl,eclfrodesi wherein Ge electrostatlc plates or

el ectrosta ates_or_.el ec and ,second
elogfies B WTtoEPob e e P B SEPEEE e P93BHRMGd separation
dis@HEP| IFRE ethinbled Wit réBRne¢ @Y ir@d PY¥nd 5196h Beameskcond deflecting
operatively connected power suppl é‘r for exanple, Pi
assgmblypP124 redydesta el of twe pammeteioalsr pyd wemm%llm ppsitipned and

sph%éellﬂfg% o&ﬁét?ctall? %g%gedl oqt ogﬁgﬁ] {! g&e?rg%g%% Eﬁf}é ?&?:?r%?@ Yhat is, a
mnexalsymﬁfet@daﬁgzt pmmcatedcmi aphericatly ebe cllipidelly ls'hﬁpeday)r conﬁgured
power su?l? tg&ge to.second pair of electrostatic
elegrog{aéxg B ee|0éc?l,e6 s1524a, b§n @ﬂepugea piymmq;tncal y positioned and
sph@ﬁéeﬁfy"bf‘%’fhﬁd&ﬁllfxs%&wd of c%Hﬁ% hrdl d1bdtfdRalic ke or electrode 124b,

rotational ) deflection of provided ion beam 10, in
whgemetha bl,ectacmﬂatwr;dates atmlgqtroderdaneescp@ded by asepjaratmn distamae.

relative to udi nal
o L B Peicst i OfhE SRl 174 et Rt T e or electrode,
thaBis, et Eledttddtatic HlAOMr 5l)ectrd%[b lmoﬁﬁcﬁéﬁteroélb&ﬁista‘ﬁ@ te or electrode
oeratlng i on beam first deflectlng assenbly 12 i s

124% iy |§mn¥r@|d|~yltls mtqltagcr yrqwldqdelz)r pydesignatpd operatively regnngefed power
surflF, GEPRARGe, P, 6Ty BHBUAIPL AL SR OB A 1204 During

opedtibn pf édre ba:bhys,ec@hd deflexting casseaeloly i o.c 0 b%maigﬁuudlmbﬁ the voltage

the inter-e| ectrode space of ion beam second
supplieqd & 11neg © Lfg%ﬁmcyplf 40t Wt:tﬁoqeevéﬂaab% BOVEF fipply B3, qndnto outer

ele&ﬁ%@tl“c éflﬁ% of %iécﬁﬁ&é i‘ﬂﬂf"ﬁ? z)ﬁw&' s%;f?p%; Ef(ie?é:rﬁﬁnégrtﬁé’ Q88 of spatial

I on gener al di rect ed
(llrfeatca,tslerdtaltlomlbé@ﬂncmdu of éirmte:d/@lcbcdeﬂnged umil beain koai g 16D (in Fig. 3;

16 gng ?grgg{‘ gﬂﬁt’S?H&ags% ltOe qigagqlxgﬁ %(g rf@%{] rﬁ%g%rgted twice deflected
1onﬂ%él¥d 204 & 20b éﬁ“ﬁ‘g& thnE 139 204n Hﬁ?ﬁ%nﬂ'ﬂ)%&;%&tl@&?uﬁﬂg a type of
a

i on beam 14 enters, is deflected accor di n
direpsqd sedti-geflestagl ion Gpm 3fal 0s,30bs(in iHigs. e 'Bs ﬂth Figs. 4 and 5),
resge }“’gg’tl ng assenbly 122 in the formof a directed once
ted i on beam 16. In general, ion beam second
def A@dinpogart 9dpitiley oflapratingl vkl Bsand sédhd défiéotipg @8sRmbly 124, is to

i nner
optimally spatially (linearly or/and rotationally) and temporally (continuously or/and

discontinuously) deflect and direct directed once deflected ion beam 16a or 16b (in Fig. 3;
16 in Figs. 4 and 5), in the form of directed twice deflected ion beam 20a or 20b (in Figs. 2
and 3; 20 in Figs. 4 and 5), respectively, being multi-deflected ion beam 20a or 20b,

respectively, such that directed twice deflected ion beam 20a or 20b, being directed
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and an outer) symmetrically and concentrically

positioned and spherically or elliptically shaped or
weznbhpused el ectrostatic plates or el ectr odeseCEI20@i000913

the electrostatic plates or electrodes are uniformy

(i.e., circunferentially) separated by a

pre-determ ned separation distance. For exanple, with
multBd&Te@Rd90h Bednh 30a oA 20105 GiredtEtdIRRdB, SREdPANartEinhRA¢dsRfon, and

~assenbly 124 includes a set of two symetrically and
millsof serhaceiof Hid Workddeaei oned and spherical ly or

el | Rk eq - filgure t [ .

or Wt ERiepte SPRCH. Bh beaH ke RnELER £ RL 154 BLtkRodireoied
ondeokiflietted don dasmsi)aelatiad ke lengit@linaphxic 80| ycndipg do @n incidence

onfigured el ectrostati.c plate or el ectrodes. 124a, and .

anglg op AN GRES A 1470 hegeiporsfarrediiacs S dPep RSPTTRSH ?@ths pwork piece,
whéein AFcRAl WicSEGR8EA6n B4 12047 5 D08 Bihf AhbaL Cnutli Aeflected ion

or electrode 124b, wherein the electrostatic plates or
beagl 2@ o102Ms respectbefyaiadieattdsl towasisp mciteniomddimpinges epon,rand mills,

i on. be secaond. deflecting assenhly 12 each .
the gPHR T hE L Biekre THY MARHR LT JBUaereR AP T Affiggf incidence, 0, of
dir@RIciWi@sdeflet©d RbRb&nP20LbEZO, Bmg Iirtated aNdti @dfledted ion beam 20a
el ectrostatic plate or electrode 124b, is sugglled

or Ifth, Hespeetbiolya gelabyotp lgagitusding agisstOyznsk wnengperee 9é e work piece
. AN 0 4
s GNARTEH OB oAUTBLS b0 23T o ARy, e
abomp 8t aid aboun$0d. on beam second defl ecting assenbly 124,

t he naggitude of the voltage supplied to_ inner

el et sbawmin Eigotate (3) - Spkearresprnds sa thegiplisigds atsp gpgx of inner

P3, ,and,to outer electrqostatic plat lectro b,. .
ctofspfRBAEafegtodt PRI het ReBhLofloshERLERER, L4 Vit o

(10, N€rfespoiflls 1@ tat halPalgle etht 8pét ONse@bndlElEQEIsBic PIRE or electrod
(gode% I,ectegd [ cs)rt1 beam 1.6ag)1%r 16b§§i n Fi gr.1 3; 16§ [ rc1 Fi ggfeectro ©
124b ofrign byam pedoad doBeating lagsegibl v 47 avhiehfagesqbe wogk piece.

forpj | W Ge | ec ' 2 .

1R L 59 500 5% P! LSRRl A0 20 B Bhcing anc
mubibdeéfecang ypembly 10, pedferdbiyy furihet dicheles el idndseahefotusififiassembly

or_20b (in Figs. 2 and 3; 20 jn Fi 1d 5), .
126 &%rpg’et‘élbg 99('.1 iﬁct%ﬁgw@ﬁé l%#%et !#&Zf%f‘orgg%% é%di“ﬁﬁfeﬁi dppused ion

bedRE | gqgfegﬁlfcls Qi; FHHn 358 %@anyfoél%’ﬂh% iis;?ﬁmglggpfd [Rldd¥s the main

spatia l'1tnearly or/and rotationa
corhpmeoisah [fiyst(edetriostatio lesis I 33y 4 aembndiekctnstatnulzos 194, and an aperture
13€eflect and direct directed once deflected ion beam
6a or 16b (in Fig. 3; 16 in Figs. 4 and 5), in the

f or pir@ifel&birosati€ thnk 138 8s €8 drelehREry RRUNBABY ebeédim PO Brovided by
(in Figs. 2 and 3; 20 in Figs. 4 and 5), respectively,

ionplegapy seHite ssgatoledd@d Fiesh elpstiastaidan lans ¥B3bis supplied with' a voltage

ivel h i i f d_j
g e e R A s N
partiedail Sleovat in3p.4.i s directed towards, incident and :

I npi.nges rpon, and mlls, a surface of the work piece.

W t feqoafl eresHedatiolens 434 1s for durthsa dpqusngonry! diseqtivg: oinign beam 10

JIRREH! i¥n bédn d6hicE hf ££4,8 ¢ | i
profRATEY i bodn SEAE RPN FE). 3 (RO RRCLEAL Gk BRsRER Hrst pair
of ietecirdgatoe 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, Pg, as particularly shown in Fig. 4.
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angle, or an angle of incidence, herein, referred to
as g upon a surface of the work piece, wherein
wal2meozies8 t wi ce defl ected i on beam 20a or 20b, PGMEILRE5/000913
directed nulti-deflected i on beam 20a or 20b,
respectively, is directed towards, incident and
i mpi nges upon, and mlls, t Hé surface of the work
Pi e&fortuld strommlmrgcmd@@@l@uﬂ@ tHeadighet@ngf ®nMeam 10 provided by
i ncidence, qi, of directed twi ce deflected i on beam
IOHQG%HQQWQQE%eE@UNB-drrected mul ti-defl ected i on beam
?e%}am{eeﬁp %& Ve fa¥1d 4 etn H]V%e&xﬂ b8 uzq{dnﬂ{ulti-deﬂecting
axr upon a”surface’o e work pilece Is,
assgmitelly er28bbfy ioni beam ruangwﬂoﬁorbeéamefncmmg,lass&nhiydlzmmﬁnonally, and

and nore preferabl bet ween abou and ab
precs OWP?’FaﬁfY“dY sprncgst o, or cﬁvherorrr%‘é;%snﬂg ipp ke deflecting

sub%gécmlﬂff‘ %28, ¢ Héﬂ’ecﬁﬂg or&idéd R b&IR Al RSR! difecBbAA, 86d along
electrode 124a of |on beam second defl ecting assenbl

longiprlinaMakisetO{xie:, thfeog-axis cﬁm)z tdr dasginfdsuchghatipgovided ion beam 10 is

e
assehl pfekedoe MF@E' 3&9354 tih€omekmpirec €00,Vibhbeam directing and

reference to Fig 4. in ion beanrunrt 100, ion
mulsve@ﬁﬂeerme@&stIYam mﬂfqrablueﬁlrtbet inglyd @isakip byam gatractor assembly

130P55 %@Pﬁl}l’gz%y{d@}&ﬁ iQIEbdidePo gfbaﬂll r ec\{}ﬁ%mbfe%%g&g assembly 110,

asser cusrng an ng provi I on
forlﬁﬁarmg@duémed &arastedgombetint #2t ed f ocused i on beam 14.

Wth reference t .Fi .4, i.on beam focusjpng. assenb
6 WilhoTegIEace: Mer 8 § 268 fbRdAR eas Wit 4pO. ion bear difecting and

muﬁi @éﬂe‘bﬁ dé alsemblye 120, bckerablyS aaaRe il166ds '4ASbA besmvaBgum chamber

an aperture 136. First electrostatic |lens 132
assq:mblfyOIS(hr foiri housingy theo Nmusg agstmbbies, bakrassemblresy icdmporgpts, and

urce as G.rst el ec [0 tic,l
ety G T BB GETHE Ay ot el Bl 126 a6 Stowing
maﬂr@&iaﬁwafedvaan@m%w@werﬁ 0P RCHeash WHVEND xsmmiperatfvery connected to
exanpl e as partrcularly shown in Fig. 4. Sec

vacepe&lwmbﬁwsenblerr?sl P58 YoGUHTH DL RIS TS, 40 of system
70,8k a&ﬂlgzd h&iBinBERW, WAnRERKIEEH P | PTobaAMBOUr ce

’asse e inter- ectrode spdce’ bet ween
fi rBig. rﬁausr aofchematit rdisgdrarhi dluptlra:hgs aopers;jeenwr otbes of 2tha directed

econd p |r of .el ectrostatic, or eIe trode
mullb3eiieGied: S8 Behn ilFRE it 1 RS elBRERGd 305Fighodortd and 4
parBb @&y SvAhk GnleRBRphAAspesifRYRMeied eMibblinteny 8f &&%ﬁ%f the ion beam

provided by a desrgnated operatively connected power

firss defidcying hssembkald? and the iondsamaeed eélrectylgs%mblry A2 igcluded in

. 4. Aperture 13 m Lin ct | ng

on heaffalist gy anEmBiseetndpbMlnciae bk bbb A i syructured and
fundSE R r\wickQefi¥tidy dnabebeime @0t 0 Fi gs. 3 and 4, inion

- beamdirecting and nulti-deflecting assenbly 120 of

i onFigeafa uletare odiemagp dingsamy tnggdich iflustating p yerspective view of a
rotaﬂpotn P?eﬁ’lgluYar) @Q(Hlence of an ion beam directed and multi-deflected, relative to

arbitrarily assigned longitudinal axis 40 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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preferably, is operatively connected to, or further

i ncl udes an ion beam defl ecting sub-assenbly 128, for
walafobezmwsng provi ded i on beam 10 in the directPOnIahH)s/000913

and along longitudinal axis 40 [i.e., the x-axis (in z

= 0 domain)], such that provjded ion beam 10 is

mai nt ai ned coaxial with Ionjﬁtudlnal axis 40 to a high

degrige7fs aaseﬁéthmcydlag%mlmﬁ@rngraqeri;ﬁctﬂeg@ose&panew%f a directed
in ion beamunit 100, ion beamdirectin

muwuqiqﬂec@éflpecb@arngmaéty/ecrebdgﬂemd) op rléf(éfrrw %ﬁﬂeﬁﬁs‘fi} diggcted towards,

I
inl 555 A SD0BE I HAAEL B0 0Dl 8 of B iy
ple&emaﬁtﬂl@&hapabt&)taylgﬂlﬂtﬂ_slabp rpaftivularlygshawilig eidted geometries and
dimghsipRé pojan AT 300 2 S e AR OBk pickt Big 7 & schemati
dia l-ﬁt iSiedtn %ﬁ&‘ﬂ)e@ﬁv?@&ggé‘uﬂ- 3Qw O LHRER Multf-88flR ion beam 20
udes a I on ‘beam vacuum chanber assenbly 150, for
(twive usflagied)na 22 fhigos daﬁ@eerdbIduest;edéq‘{yardeslenlldbmte@d impinging upon,

and2 onent s ion ean1d
ITRRE Goriracs Pha B T o o gl st BRE (AP sample of a
porﬂBh RF anemicdniictar wafek ld)mcﬁi’l\)VWh&@mBﬂhE soffaaeoowlbe@masn) is held by a
100 when operatlvely connected to vacuum chamb

sample wlsley cleruenst for exaalen imilar to hasaiflusteatndain Figacurparticularly
shown% ré"i%?\i %\eoﬁyc?ﬁ nandodm?e%swi{% BFI?—(? gg@diq ?b %%%Zé r%lée ilg.face, and the

her reference
wofk gieced Tis daameﬂee riabt thedligted multitdefected i(mg:)eam 20 (twice deflected)
er spect.i eM/of t directed [ti-d er ed. i on
or BE TR FrGeistor S iR D1 adangd pLBMEePauh SR ietons and about
2009 nﬂ&gmﬂ'éZ Qﬁmrh&b’l's?rédﬂ e ﬁ?&‘eﬁﬂlye)ﬁ@ 'ijaﬁgé’ oY PREWELLC about 200
preferred enbodi nent of each of the ion beamfirst
migten mcltabngt K98 amiptops (Pmibimeterhe | on beam second
gﬁ 1% %ﬁ@ g Serrb gjﬁ'éﬁllg%{%gaﬁﬁg ggs% een%{w(\)f%{ 218118;]]9 detallcd version of

theb @2dipl iyt pﬂ@&re(ﬁbhﬂb’éﬁﬂﬁﬁﬂ ﬂmﬁtraftbkﬂ th Eigéﬂ 2,f pﬁrtlbl\t‘laﬂﬁ showmg an
deflectlng an ion beam 10. Fig are schemm
1¢

excaplegy apecibio gefared ambagdimentaf ﬁlge ign @éﬁue yeﬂtlﬂ()emvl.uéwgdhe fon beam
o R AR 0, ARSREP R B0, an

exdn@@ytspehlﬁabrﬁeﬂai baihmentadf the tork piecenmmaging ambmﬂhyg detection
i on beam defl ecting assenbly 122 and second ion

.“n%é@m1deflect|ng assenbly 124a and 124b, correspondi ng

to qurdiheed ﬂﬂjstrml&'é:-‘ d6&kipa6h &F thenilieRM bXRepldly specific preferred
directed nulti-deflected i on beam 20 which rotates in

embodisregts afthdmeihed fordisasted3voltiadedienigd Ilmngtfvanumllrhag ofniveprk piece,
40.. and ig directed.towards, .incident L pE Nges . .

scctin inclt PPEE U ack: sye@inet i EPIRRES prentationa

coﬂﬁigu?atﬁ)%]@ NRoldes Hragdamitds! | 448t haddrdifig atddahé Pgetifice continuous or
close-up view of a directed nulti-deflected ion beam

dispgntinuops écrapdrale ttinaimg) anrodes @t meneas.def madtielgiledingeande dlirecting
protv‘f)&'\? 1‘33 'b PH\Ci(?e@ﬂer@n{ﬁddl'réme}&gfuﬂgd%e% r@ﬂ\?\%e'r‘arlﬁ %‘I)aggZeﬁb? or 20c, is

ace o an exe
dirgeed tavdrds, Shaded ane Qin@n@ai; aporﬁlaﬁ)mlllp,aal surfadeastl the work piece, as

shosvyr? m lgf% r2e1|sagtclnc/r%llg eaggﬁctarblleef%r 1lnustrat1vely describing the device, being ion
beam unit 100, shown in Fig. 8, wherein ion beam unit 100 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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di mensi ons of ion beam 20 or 22, the surface, and the
work piece. Fig. 7b is a schematic di agram

WO bdoas29st i ng a perspective close-up view of apdi/neets@do913
mul ti-deflected ion beam 20 (tw ce deflected) or 22
(thrice deflected) directed towards, incident and
i npi ngi ng upon, and nrlllng 469 surface of a second

illubtyR&d @ F?%% OXERIPE afati¥RAy RhG§H: (aacrbgﬁbe%ﬁl)naﬂaém @wgf ofta more
portion of a sem conductor wa ef or -ch ip wherein th

detailadf eaapgnent fievel mession iof thelion heam veitd08, fioileling the ion beam

el.enen for r to, that str
dirgiige o9 o FaeFRETR spriT o Brirtiing tyaREbr{of dwich getecting
an fdhrRAGIIONS of ion beam 20 or 22, the surface, and the

wor k pi ece. The dianeter, d, of the directed

mul Fig. d&f ise tsekpmasic éeamrz@lh(ssrmlee adperpRectivd))viey ofothe directed

d r ef b [

muflEAGR o BERE e & SR bikee. MUSrUALER By 2. 8. and o,
parﬁttilhnlymhcﬁzvmg an andnphrﬁsmcﬁ'lfcemabhyd emnhodinreangeach of the ion beam

ﬁrsﬁgpﬁive cgl.gg g?%%qrfggz,st (F:: ré(())lg %gﬁ&b eglflsg}g'gga%sgrglgf}slﬁ ]énd the ion

bean] | #hld" ehIBGing SdsSiEnbly eW4@f iAcINBIE ﬁetu?é ligH ‘Weamsi erre&ﬁng and
the exenplary preferred enbodrnent illustrated in Fig

muftj- d@&Ctlng wssenbyy dA8veinteann dreemplizit J108pstojctired and functional for
”’f g ﬁrged enb q%nent of the ion beamunit 100,
"EREFREURE AP AR Y8R beam di recting and nul ti-deflecting

assanbthyr thaid, aspevt of tHel fiesedeinh&ifonig a 3tb-cembiaasn dOthe device for
and an exenpl ary specific preferred enbodi nent of the

dirggadnpitiededlecied dpm heaam gnithing| af gverktrieaei wheighy thezo s proyision of a
de\ﬁl&oi"o“? dxh:lcféﬁtrﬁﬁ‘ltt Y106 eé: b ﬂ%%rﬁ@d n b di'nt:lfu?fn% e fo%l%vgglg main

exenpl ary specr Ic preferred enbodinerits o
corﬁprrnedlsr emd ddncetiontliticte tHeeeifedni @n beam dirdckinggaral naulti-deflecting

acco d|n to.the specific |inear
asspgply Fos ecglbga?ri leght e gt ineghy Brpvidtddan beam, for forming a

dlr&@&f hRw-atneedl Donn%ﬁls WherfiRNHE r1§n baif AReethdal® rhfti-deflecting
the specific cont i nuous or di sconti nuous t enpor al

assemb'm lngl)ldr:ﬁ)@resmobeanaﬁrse risﬂefxbm ragsemiblylefior defl¢atipgaand directing the

di rqovi ded.i on di rected
profifeft ioh iy Mt e B iR g Ak ed 48 bREhTRnd ap dgn beam
secbdaefliEctin F%Sdﬂlﬂﬂy o lelloRtinpasl dpeding ahd dinJ:tledS on@e deflected ion
surface of the work piece, as shown |n Fig

beagy fer frmjngag 9rr¢<a@rbtvecr deflected ien osemhsing ?dé‘@é rqf rﬁlilfhglutthéeﬂected
mn%%&hee bei ng i on beamunit 100, shown in Fig. 8,
erein ion beamunit 100 includes ion beamdirecting
andAnvthtt meif dspetti ofgha peeseniligvehfion 1§p©msidncai 4 yystemi for directed

ri ef | ect |ng ovrd d ion beam 1Q.
muliiiiett ion rhilings OF of | Weka PiSoie il e Joifowing min
cofbdifehse dn TdH Béarﬁ’ ehite Wherkid ﬁﬁ?f@gﬁ {uhi 'ﬁg:hﬂfes aanVYBB keam source

pl ece, and, eternrnlng and con ext ent
assemblyecﬂ)r ptdvmang aneigni beafi, gad 4h amdb@a,m rdaretmr(thad Inyulti-deflecting

assEBlo R fireElifE o BT ARise YellEerigriie BinyiiaioR psgs for Torming a
diréoted welilfidleflb®ed Q6n iR, Aivk@sihi 0 - dnsttddU hidlt-AefiéR&d 1i6tY beam is

assenbly 120, structured and functional for twce
direggsd t@mq:igmcrdent 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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an ion beam 10. Fig. 10 is a schematic di agram

illustrating a perspective view of the directed
wordobiozded | ected i on beamm | 1ing of a work piBCEIL2005/000913

illustrated in Figs. 2, 8, and 9, particularly show ng

an exenplary specific preferred enbodi nent of each of

the ion beam first deflectirﬂf assenbly 122, the ion

statRAR) &RARNG: HLdd)ohfiferafss esinYa kkfbable@nfiferatiof) REAA as in a

third deflecting assenbly 140, included in the ion
remowable sonBeuratien, aelativalo the diseeted mul: dsBecderbiop lze%zm, @hd relative to
ruct ur. for
e R iRy e S B R o B8l Blgpection of
thetwiek plees end worlkvgistd anipslaiing st gexiduniey i of t he
deV|c for ﬁ@rected mul ti-defl ected i.on (gan1n1llln

of  Brefis phlypitsceysteh dvdlsy inpludes plectsrmics and Rresessycontrol utilities,
ope‘i]ﬁWeF)f3 ct)ﬁﬁecg:'dr & iRd 15%"%hmd Ghit 8ld B9 e R &shil, OBr providing

beam” including the follow ng main conponents and
eledtromadsi tonahd enading lproesst ccoatnoli afiy thzeom biame urit Agd dinel vacuum unit.

| ti-deflegti sserrbl f or, and
opfigaly; Gt R 6F SR Yoraned incdides b e GRS Rhignig e selected
frofi theCdr66h bbisistmdesfl acl@dt pise hedig M@hﬁumgt d¥gecti®h unit, a work
beam directing and nul ti-defl ecting assenbly includes

pieghmppipulstingand pesitioning apiti angantis eibrabion unftop coRPeRnt imgging unit,
anc%‘&@« Sjl% é%%é LRG0 uRlt o“’égﬁgon agﬂ aﬁ&ﬁxﬁh%lflgmlﬁ]t llfS %ﬁ%@gﬁ? connected to

rec once I"ect e eanm an
thesacuma udief Pﬁxfetrabig, ths skittrbyics hraf prdedss eoﬁfrcﬂ@tﬂmds is also operatively
dire tlng tB& dlrectgf once def] ected jon . for
conpgg gy iyeash addigiopal anjtyfor eroyadipg leeonighiop i ipgPrgoess control

of, %X&leadﬁfiu&da?uﬁwl ih la ST P 6P &GV i RER R ANAT (E ﬁox{'@éa‘ih unit and the

aspect of the ‘present I nvention is provision of
vao;uysnmtufor directed nulti-deflected ion beammlllng

i ncl udi ng .t he fol
confiinahrs B W dneiiabirhine o Sieaiey RelPi gupgiment of te
systém therdif] pidRfallgefeidd 16 ANSTOLIMCT, 65 Qitddtdt muRl-deflected ion beam
and an ion beamdirecting and

ovi ding an ion beam ?
mllﬁng ©f a ek piece ngclaélggﬁlaﬁ painfeompeneris ipp eam aniit 100; a5 previously
illu ‘E%tﬁ% )ﬂ%tscﬁ%d %ﬂ% cf aggg%llugpulg? {’I%f%r%lggl,r@ﬂgurﬁ unit 200

Ire C | on beam
inctlidee ¢hee dvark| pleeed efﬂlgc | E ds iamn (1b@am1b)s sdtenembediagmwa Iildis;trating a

perBRRGt PV uuo el LB B et fa fipleg mmulfdeficted ion
bedn? MRS 4 QobBietd qu@ﬁﬁf@dul'ﬂ' Fl%t £ FRY. Q%1 id1a09 3R tric) schematlc

mai ntai-ni ng a vacuum envi ronneRt for the I on beam unit
diagrach dlustratmgla tpp efmew ofF!ryetbaT 'Hbillljastra;thialmflﬁgm Urhandil@.

or el o, M PP L T FREFA o o et . as previousy

illud@atiiery abaribed h@ﬁaﬁﬁt‘[&’@bé’ With rORrehdE Y& Mipi A - 1100 includes ion beam
astationary §stat|c or flxed) configuration, or in a -

sousesy issembly nd IQu fert ipsovidiag vasl (beam 18, sanderio dbsiam directing and
muﬁpﬁ%ﬂ&gkgl ec{fhb&y ellﬁt ' edltrectlhg angI a{tel%%seque deflecting provided ion

i"6n’ beam - and Tel &t t
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 100 and the work

.piece. 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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t he vacuum chanber assenbly of the vacuumunit, for
exanpl e, by operative connection of the work piece to
w@2060k988 ece mani pul ati ng and positioni ng uniBCT/IL2005/000913
Preferably, the systemfurther includes electronics
and process control utilities, operatively connected
to the ion beamunit and to 4he vacuumunit, for
by ﬂieohék%'r S eﬁﬂefseahfgso;se@au@%nﬁéaﬁhl dtoR 'b@&rﬁiﬁutcfmbt | vacuum
ion beam unit and the vacuumunit. Qptionally,
unig A00)piocide rbawhymlttm@ Wsme\mﬁmntumaﬂ%n firudewidme dlexaronics to, and
dltlon sel ect n1the consi sting
en&%?ﬁg Jfﬁﬂgonﬁgké?HQ¥§§F?kfﬁé 0 |VF?ﬁf“ag%‘ I'on unit, a
wor Bpfibetly, BRd pRsférably gy stdil 7DCf&fth¢rQﬂblEIGessztl Ibast dhe addltlonal unit
antj-vibration unit, a conponent |nag|ng unit, and
lmfrwé%grgﬁa copsigting afig work pigsccimpamand salling Wﬂon unit 300,
a WO pledo CRERiBhIaUAS YarRO PGSR, it 80, 3 - WBLabion unit 500,
ref rably ectr nics a process contr
coruparient ln@mgsumt 600, ape naleast ehy wook piect achlyteabain700, wherein each

I t. f i di ng el ectroni 0,
ad i 1RE T oBRR et SRRSOl VAR 0L oPeaRTihiF Sestyprics and
proedTBEUNG0] QRiEilid i80@!1Y alddt BHrAEREy Wohibctddetol SRhPERIMISHA tunit, for

and the vacuumunit. Fig.” 11 is a bl ock di agram
prqwdnas@lp@tmm@ tenaxe&@wbh@g pr0p¢9éfcentreldofe pasbiddiienalofnit, irea manner

D e

- wor kepirdiegly, Itlﬁ&bﬂéﬁhdﬁ @nviehtionPiavided I’V@ﬁﬂ@{lil&mdtﬂe sp@ﬂﬁé exemplary
unit 100, as previously illustratively describe

prefeared; sbasiiments 9 the systamyrthatnist system 76y for diragird m%@eﬂeﬁwd ion
ba#ﬁhﬁﬂ%%%fh@&ﬁﬂ feethe work piece. Fig. 12 is an
I sometric) schematic diagramillustrating a
per kp:enbn—hmlumgemanﬂers@ssshewniﬁ) Figanil awttli3,iseveadl umits bs components

thereof, for directed nulti-deflected ion beamm|ling
et L gLk il o bR HGOPeTavely Gngaeq o, dixed or
mobils FRL Eﬂaﬁa crERaERLype o‘f*hy”éﬂ&ﬁ%ﬂﬂdrﬂ»h%ﬁéxﬂly 900 6lnél@idﬁnﬁ'a oprlately
of system 70 illustrated in . In sys
conpguethd smppiort elgrpents, 1dgs, b_@ckeém@n mobnlg nlen@am siehtas 1\@1©els whereas
VIOU ly i]lustrati descrlb d he ei nabove
oy ety 855 e coptingS ' 8tebe R oL SRl RN Seem wnits or

corﬁpcmeﬁts thaeeMbhigh aflirce 8y nfpuaied dinfdsyisRmh 4ppoit 25emdRO00.
ion beamdirecting and nulti-deflecting assenbly 120,

f or Adistased ivith referenge todiss: lwil2eandeld, eetsyﬂ@mp%ww unit 200,
pref&ﬁ‘bl Jhch %lglg th@ wdrP r#?gd{éf 1652 éﬁt%?)ﬁ ig(_)rg}é,HeH “td qélll $EAfhinit 100 for

I on erel ected ion beam
proX@ling and memihtethingaaradsym iengirclanent aod iormpéeang emltuxmmand the work

.and. mlls, . f the work ece. m un
pied oV Aaugh 2Bl 15§ Tenelinet e Pres b MR RPY 0! fop beam unit

10@W¢ﬁh@%ﬁ@ eeeala@mn% BYoRtiHALAIRGRY LRiRYTEPterh @ | ON
beam unit 100 and the work piece. Preferably, as shown

i n Wigsrespect td functinoality and pperstiory of Vaguuhennil 260,udesum unit 200

r oni,cs. and rocess control utilities 8
ine g WO G R AR P S Yy hamipef semply 210, a worl picce
instriifpeethedhy atRmblyp2 e R \@Elhurﬂ%ﬁugéﬁsﬁélﬁlﬂﬂé P@-pungy ﬁsé:ﬁvisly, a high
connection of ion beamunit 100 and vacuum

vacuum pump assembly, and a vacuum distribution assembly.

Vacuum chamber assembly 210, as particularly shown in Figs. 2, 3, 4, 8,and 9, in
relation to .ion beam unit 100 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 100, and components thereof, and the various
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unit 200) to ion beamunit 100 and to vacuum unit 200,

for providing electronics to, and enabling process
w@ovbolosof , i on beam unit 100 and vacuum uni t PRD0L2005/000913

Optionally, and preferably, system 70 further includes

at | east one additional unit selected fromthe group

consisting of: a work plece4nag|ng and mlling ‘

posSidlee GpiiGihl LHaditior80 units, MK cBin6fent hepedfAbl NYs@fd 70.  Vacuum
positioning unit 400, an anti-vibration unit 500, a

chamh% avrembly AHbplse fupstiongapan amral&tstr}l‘éa@tord}?élsmerﬂi ion beam unit
100} a%[ € cﬁ'ﬂlg(lr%fﬂscﬁlare Pl fnd’ QR ngf)q_{ eb&sﬁ)?ec taggiglghal units, and

erative y connect ad toPVacuun unit
con?pcelfeﬁlrsabd:lyof off agsterar(c s Fanexdniiple, eppsfecabiy, rthé wotrk |pldce es included
800 is al [ nnect ed t each ditio

insigivacup Fhagmbsy 33%3%%% of pti vt 2084 ér?%g‘PPﬂ’gi (Rt or fixed)

corffigiffion, GP'EH bEGhotdble @8Rp RN 1a0NRI1 Wi a ﬂeﬁuﬁalﬂ@%ﬁﬁguratlon
0 eratlve(¥ integrated with ion beamunit 100 and

relatire ol Hiregtd nmbedeﬂl&@tmirldn lbginy 201 4rel rplaésem vachyarehawher assembly

vi des va alternative speci
2LV ER I AR TR e BDRE sl B U Ygrkpigse to work
pleZ@maﬁ@ﬁlaﬂhg@ﬁ‘dﬁ&lﬁﬁﬂlﬁ% urdleddeect ed i on beam m i ng of a
work piece. In a non-limting manner, as shown in

Fi g¥acum ghambes asssaihby 210 imihe docstion efifhsrrstall Yasuwm myironment
of ste?ﬁl 56 emazguxﬂrcﬁagxbéregstséﬁ{blﬁiw i§ g)pgl%l%l% .%Pgnecteg to ion beam unit
nmobi I'e tabl e,

atrvely connected
10(_}§taaﬂdo each bptiomal add(pmabftmﬁyfftsgstemum(fmt emqﬂmbzbquﬁﬁ)@:ﬁ imaging

J B PR Sl SRS S ALRRELL L SIERLE 40, i

v1bm%%§t 500 h&fmﬁ%@ﬁﬁﬁla@ﬁigt thit00C FPANEAE Snd \b@ﬂkﬁﬁéce%ﬁl ical unit
mounted onto those systémunits or conponents 't hereo

70%V@¢uuar dlamheeassmylblrmlmt mswwksy@pemegumﬁomvmg assembly 220,

900. As th ref e to_Fi
and 2l §20% SSgRb Gy Py SDaiAR BT BS0b: piLpdgp ooty
preL;nmth 64s8Gblyh) ng‘lp{/zkzuﬁinelﬁﬁnp lnSse BB, ahd wabuunc amﬁﬁmad akgmbly, of
ion beamunit 100 for providi ng and_ mai ntaining

VaGEHEL W %%ar%mtﬁ@ of spriousrliesst Do ons Ghrogkpu REstem 10, and are
opeQ%lt?&e& C(}@l‘é&%'h u{;HCLUl%Q:Ql §toas% heps as an overal |l

ure or housi ng unlt 100 and of the
wor Wq:tkqnme 1&93nmg/fen&3/mg aszpmbtynmﬂ éiddiekamypla) partly tshowh in Fig.

pEgaLem @%{;@%@g&gt&?ﬁ oRhiea Ao v n I aREL ALy 210,

and %hbmmgngmmﬁg GPNRONGSYkSpiede (R WALGIAENEMbES a%@mbyy 210, for

wor k plece |nsert|ng/renDV|ng assenbly 2
exaxmda,wmgmlgeleas mmhiu}atmg qudepopitiopingImErfi0y(Fizm lﬁ) gh ﬁrst specific

xRSO S P s s SatoRP s Sttt 24 ip ghq fprm of o

sealddOsMtteorfshfer-1%e elemént, WhichR@eRtesidirihg kiRt ti® of Msérfifig the work
beam unit 100 and work piece inmaging and ml|ling

piegetietet Yasnumnehandwgo assgmbly 218 gr ramovipg the werk drieaeofrom vacuum
chéé?%é;;? egrﬁ%(l&éim.unkt Sseanldn %écﬁﬂ:s eﬁémblgs' bt AIWR’V%H( piece
inserting/removing assembly 220 is in the form of an air lock.

For an exemplary preferred embodiment of system 70 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 210, or removing the work piece
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vacuum envi ronnment for ion beamunit 100, and

conponents thereof, and the vari ouspossi bl e opti onal
wazidbn2iemal units, and conponents thereof, of BYBLM05/000913

70. Vacuum chanber assenbly 210 al so functions as an

overal |l structure or housing of ion beamunit 100, and

conponents thereof, and the-arious possible optional
froftGebictihA FRbmBB hssemBIYA2 R RPN Dideb ehd@dulatiiy S5 h&ioning unit

70. For exanple, preferably, the work piece is . )
400. n Sucll adWpHs Pigee vaseing/ emavingr ageoblysZdhbinjcadly ipgldesas main
con!(ij‘{gn%ntgzoaocllahﬁ)ee andl @b Rty (,%tvgt | c or fi Xe_d)

onriguration,” or in a novabl'€ configuration, as well

as Witharefeeenee ablHg.c bSifingutlatah @mbodiphait,i the chambler fmtishs as the

mul ti- eflegted i 0 ,beq¥120 and rflgtivg t o vacuum
reglonAfo@lUmE Ok spAcy Yiitn grhich, takemplags foadig, the gyork piges|aato a work
pie&y h(ﬁ@&ra@één’{lﬁ?' 990 "GAIM &R thE %rk\ﬁwﬁe BloRE®ofkOpid&Y Kolder assembly

pi ece mani pul ating and padsitioning unit 400." Vacuum
420c h Thb énterab enviFonnh® df she ltbarhbarais i eathent athnwsphasicapressure, or at

GRS REARBh 4Pl Y5 L RSP PRTREE g e ice
hold&tassenibly 420 SHCIT S ddR1padf tAE ok pleaé fraf workf pisseshélfier assembly
70, for exanple, work piece imaging and ml1ing

N2Weferan skeroplpty Bolerradogmbasiment ofasySism 20 ivichaigludes work piece

i t.i oni , tigehbratio nj &y
maffB3lsbhe AP Bttt uil b0 oL TpLoblande: Sseis / 6 DOF
(depicead-frnddny) word piecd naipllativa andi posifiariipeassaablyrdli0yf3ddik piece

houses work piece inserting/renpving assenbly 22Q, and
mapipylaling (it RRNHRNINE $BHHHGP lﬁﬁéﬁ%}lﬂe&a@%ﬁ%l‘{feg’?f pigce holder
assbriblyV 50/ WaHARHI e ASRATERE Yof MeCaiPULP SRAMIP!ahd Mllim chamber

vacuum punp assenbly, and vacuum di stribut1on
assanblyr210yf vaduuwaenit29Uni t 200, are | ocated at various

di fferent. positions.throughout syst.em7 nd.are. ...

ope FRreir, S b EPLRTAEHG ALt AT AR URB A5 BRIy o5 doining the
regl &t RILBREOS §pa6E bf he/ch@iBit dTdhe5is eatRlayseddly {d € region or volume

exanple, partly shown in Fig. 1%{) functions for
of smaadhPf vagurmscambayassembly2 Ifioascwell ag forjsgpagatingcthe gegion or volume

a 0,: ' [ f
of AR SESIRRSE Yo S0air PR SRZRIL Teonk BIEHLRR Apychiiic of space of
Vaﬁlﬁﬁimiaﬁl.betz/membllykz)mi dn ?eﬁﬁﬁii, ]:hd:lc@hifmm@inglvdlvp l(i)Sé:sisém'mlly@ny type of
uni t, .40 Fig. 15).. A first_specjfic exe ar )
valgeriydue tighs @id ds hruetared g rwﬁwgr BBV @enaiﬁ@é%m or fully
R Tomihe 1% Rl oo GcS Pl RE RIySFAS hbgibh bvolume
of $phaee whr kseqindahambey ay acliuas foh sefamtinggbe rdgion A1 ®lume of space of

Pt e e 5 A S S TR SRS ey,

thePédAREtNESRIVE RHCEIBAP YA Gs SESRITBA Yor dabllifig I fllY R@itdn®itid) operation
of an air lock. For an exenplary preferred enbodi nent

- duririg tpdeisingzy sapareting eictha desionsorkvobirescolripatas @if ld efgmber of the
~air 618(‘::1( Qgs%rlrr]lg}yogﬁdw g'aﬁugllrﬁ c %{ﬁ%?r;a{gg%l’ﬂ%tﬁ. ps&&erl% ’auforpattiﬁeconnecting

insertl r enovi ass exarnp
valv@igeiter aPpnéirhaticosikeledtticit typerst viable. RXIesdtivelyg tHeh®nnecting valve
vacuum envi r onnent . . . L. .
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 210. An exemplary type of manual connecting valve is a type of valve

which is opened or closed via a manual handle.
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exi sting throughout vacuum chanber assenbly 210 of

vacuumunit 200, at the tine of inserting the work
wWeEmwe/e219st 0 vacuum chanber assenbly 210, or rer@ViLRE5/000913

t he work piecefromvacuum chanber assenbly 210, via

wor k pi ece mani pul ati ng andvfositioning unit 400. Such

a work piece inserting/reno ng assenbly 220 typically

i NnCkordgs eR8mPRNN e 8MbsdinRnt BAEHSEEM wcbvtach does not include

connecting valve. Wth reference to Fig. in such
samgtle epwianlatng andhpositieiing runity 400, gy a*@rlf Héeqeegvssﬁmfremovmg
sl R FE968 4D W AN PURE AR ke bl
nwumkpadlng t he work plece fromwork piece holder

ass 420. The i nternal env ronnment qf t he chanber
TP ety g%ﬁﬁ%ﬂﬁﬂ@f F gontgyuowsly gauipepr monitoring the
vaé?xﬁ&esrt‘&{é @ﬁsﬁn@@ltﬁﬁ@a@tﬁrﬁ' @han%é? Q@seﬁfbl;} 2180 'aH&l tlﬁ-fva%lﬁn \WRfkexisting

pi ece onto work piece holder assenb 0, or of
withinl tha dhangbesfof thesinork a:membé/ fat am tivoe hefpree during|od efter, loadmg of

SRS S Tty B0 g R RBl Pl fom

wog%giebé BBides assBinblyA PR, vidQdrk bieke Qmmlzﬁmg%rﬂxp&sldonﬁlg unit 400.
degree-of -freedon) work piece nanlpulatlng and

Th@cygmqna) gpvee assemhly ipclades as mgr RopPeBsRA SISt GBg Mgpuum gauge

t f
ord\ OSRGOS 58] 980t RTSTERE RO Rl e
opéridvedy cornectied asthe rhagbarod theannlmk ajsambbr assenbly 210
of acuunwunlt @go Furt her, such odi ment
¢ he b GaHEy 2 theePreimvEp dhem 1%y a1} "h%;[] %@uméﬁﬁ%assembly

areQfor YRIPITE: VfcudRPORnYer tagk%nﬁ)ﬂamrdo% tb%oﬁ! 10? q&k, and down to

assenbl'y to the region or volunme of space of vacuum
abait aﬁtﬁé?onawemivylyz Tacunm weal 200a@ptfooallss mphldas assgmbh@ and related

on or Vo
ca e ol i Y PR R B SARIRE coflighlls g9 sfeampte, wit
a W@ RheiRaiRek hawag aryssdklas o geawual 0% hér, in vacuum chamber
connectlng valve is essentially any tgpe of val ve
assgmbbh2 X0, aed inpsiops eddigionalunits gk et 70.enabl i ng manual ,

S emTh@ It {iﬁtrlbg{l?rﬁ %sk%bf}lﬁ% ?gﬁ?l:st?lg%dng%gaﬂrg;%?fﬁgaéﬁgg different pre-

regi on or vo
detergined lovely @ff waeumh &pdxf&r@ft wnits ecfo nykterh afth ewhich sarevadperatively
as fqr separating the re or vol ume of ace of the.
cogieptsf] tervin BT ﬁgewgl;r 3 of “opimany 20 264 tgp bulzing the
dlfféﬁ&tsﬁﬁ@ngf GRRAR - of 8&6&@9&&&*‘6}1&09%%& nﬁxrgﬁ‘ikgvtﬁe air lock
functions and is structured for enabllng
assembbynefi vacuwp eni 200 at afyrtimg bcﬂqee, Jdmmg,m)g agfer, !mp.lmgaxf itggwork piece

ol 208 S € bR D A SRR o e

hoE fss@fbBUR20Wih iworke pﬁﬂ@ﬁﬁahiﬂmaﬁﬁg %&d p6si@driReiinif400.
pneunmati c or electrical {ge of val ve. Alternatlva¥
t he Widh rfefenenmtwag%el It JRcld.omnd khn@ystemsils gptienally, ausk preferably,

1nc%&?|d/c{}g ﬁ)n&n ‘{3?%1%8 eahetrfnﬂﬂlgdﬁjertéc@ %ntlﬂxﬁ 3 | %rnignagfngrth% r\]Jvork piece,

separa I ONsS “0r VvoO
and Mﬂhﬁmﬁé mﬁeccﬁitﬂ‘ollirtgc ﬁleaS)Stenitbbf/ ian d)eMﬁCﬂmlﬁng of the work piece.

Preferably, work piece imaging and milling detection unit 300 is operatively connected to
vacuum chamber assembly 210 of vacuum unit 200.

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 300, and main components thereof, in relation to the ion beam unit 100, the work piece



10

15

20

25

30

chanber assenbly 210. An exenplary type of manua
connecting valve is a type of valve which is opened or
w@bmsmezioss a a manual handl e. For an exenpl ary peref/HRD@&DH00913
enbodi nent of system 70 whi ch does not include sanple
mani pul ati ng and positioning unit 400, then work piece
inserting/rennving assembly 220 in the formof an air

Kmn ragd ?’oﬁ%b{mgfuﬂhtmr tHen&Jn&tQﬁéntalnYMgIdg 1911@660 rbﬁh Q@ these in

recelver he vacuum gauge assenbly functions f
relasiomttp theowetkypiesgues gt o ﬁyml H0dgHistptedHa Figse 12 ndildleat e

exi th| cugym nber assepbl

vac SR SsSiebt b XA DHTAFORTREG, BRARAR ka SAind Bocbis unic 300

inclu@lek tirshdebipodntsadty a kédBingeft@n mivfoscupe (SEMafchImn assembly
| oadi ng of the work piece onto work piece ho
310,53 esgpPndamy) Glecpn Lﬁﬂte&&m asgemplyt ﬁéOa\Aér‘P@CETSé%f?df SHactien kdetector
l.dgr \ 4BRNigRYY
ossB S0 ol AERATRI0h, Bt U oD o 0 WU Hid RImaging
and nmilling elsteagomanin 3@¢@mpd seletted nadin lcemponantretheeof] Lane gmygem Figs.

peratively caonnected.to yacuum chanber assenbl. 1 .
2, S0 0 Bedne BRAR GRtiive sige Bshe Sorue JORG ik, il pagemblics
tm*&ﬁdgbﬁﬂhﬁﬁhgku{he air lock assenbly. In vacuum unit
t he pre-punp assenbuy and the high vacuum punp
asséﬁm golamm asmmhiur%Onlg VaeeraratEigat electseys beam prgbepof primary
t bout Jaor
clep R85, hirefLeferelietin S04 By Bt 4o RaPr D1 sl 1308 %t by PE G
Fig®s 56 1T0hi 2 1Y) whidhadcanl aledly aguifide dfake workwieieng and
mai nt ai ni ng_ul tra-hi gh vacuum condi ti on for, exa

le, |
wi t B gysiem ulin ehersip gintiopallh Apdneretergies ’feeISaglClue‘gsﬂp agork piece
1m9§9%§md19fﬂ1]9 -ﬁg{gi‘tlod thi Wliﬁ@ncm&rluxﬁﬁ %fs'é%%/y FPincRRE therein,

t1ona It ona udits of system /0. The vacuum
togdtlet Mlﬂuseoondeas S:’éedrloy degectar asdersblyi 3260 Iom/gnél’wck-scattered electron

mai ntai n ffer redet erm ned | evel.s
deggiop ppBbBt il et 858 b8 SRRl afSrite Sl AR BF pe work
pice@NNEEdrRAivER, \VAGUYIROAABTISHM 2DRMP hsembl, 910 ¢aF Bpéhate in STEM
unit 200, and for J)urgl ng the different units of

mosiysh:vetmhmgofraxpam dectmne@eé@nt@r assgnblammfeworﬂsmlgqewglagmg and

mlg ectllgrg ?ull(l}] g&(‘? ?Tbth¥ tvgorrk emgrﬁ sqag ent\?% ¢ ]%Qt)‘o s, K phys1cally

anﬂﬂilﬁgYb&rﬁﬁlmhﬁ&ﬁaf@tﬂeWoﬁspleéﬁJl y 420, or unl oadl ng of
e work piece fromwork piece holder assenbly

vi a Sgeandary éléétf%ﬁP‘ﬁﬁFPétaﬁﬁ?ﬁlbéh d2B0sifor daterting, ﬁ?qondw electrons,
el R LEOE SIS L St oAby S R AR fom o

smrfamglf nige wud: predel, angredelt of trntaractiomi iet\8GD, prfmnary ieleagom302 (Figs. 2,
5 LI g S5 IS Pk B Shhl oI work pice

AREae baRketctedekoddbBC Bleb BB 3B A& o&slséd [10) &ﬁ&lﬁng iffhges of the
unit 300 is operatively connected to vacuum cha

suasenblthe Mook glicogac Reafenahlyt sg@mdary electron detector assembly 320 is

continuously operative during implementation of the present invention.

~ Back-scattered electron detector assembly 330 is for detecting primary electrons
302 (Figs. 2, 3, 4, 8,9, 17a, and 17b), and PE (Figs. 16, 17a, and 17b), which are 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 330 is continuously operative during impleméntation of the present invention.
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Fig. 14 is an (isonetric) schematic di agram

illustrating a perspective view of an exenpl ary
waepmweiioss pref erred enbodi ment of the work pi eBE@I/1L2005/000913

i maging and mlling detection unit 300, and nain

conmponents thereof, in relation to the ion beamunit

100, the work piecemani pul atd3ng and positioning unit

400Tra&15}ﬁlsgaeﬁe%eaﬁ dét@&Gi BGeMblyt 34009 forawlecahg phﬁﬁﬁfel'e&rons 302
relation to the work piece, as part of system?7

(Figd. Russ 4. &d 1V amiddgb), rd F(Figs. 197 1 Ta. pad é?bhd@llﬂoalﬁltgmsmlﬁed

14 ece | n mlli.n ti
gty ok B55e: PRI R npo] BT MRty 340 i
coftinG6 RHESeat(Vekduting dplRheatEeA B the plédentdnsationdar y

el ectron det ector assenbly 320, a back cattered .

el eberr Bisviist Bckigr 2aseomdny degrongadad %Ci?fﬁ%?ﬁr%% elgtrons, herein,

| . .

colfFA, A AEL B S0 8RN I5 Y B PR R AS B maging
and:mrl‘pmglée‘tealmhmlté’dm are shown in Figs. 2, 3, 4, 8, 9,

oy DO e o AL T ) £ aRand) susfor PP, piardligond preferaby,

mcldﬂ% Ntk pied IﬁQAlH\H{Btug%S §§&%Mtl§ﬂ19 it 960, 98P S pulEirdthe work

el ectron beam pr obe primary ect rons her ei n,
piecaf eWetkcmcwnwlr(tmg mdgsosnzom& wait 400 5, operativeln gonnected to

d d 17b whi ch
Vac%‘&%%dhgwg) embEl @ Io%wtu ltQ‘Zoapl gge In)systle?n 70,

wheF#i ﬂSQ@TahC(TB%iﬂemc) aoherpatRf dbglahyillusk&ing 4 peispedtivdadew of an
work piece imaging and mlling detection unit 300,
exqmplary SERfifie PrRferredk eabedisientief the avogk @igcs frangiulating and positioning
und 348 A B B P A O ) P U g pf he vor
pleaéiﬁoldezam;sahb‘lg ﬂﬂnmthoum afvaork ;pieps (@) bhd vathad Wmlmg’ed:dw(é)), as part of
sur f nat,i v

sysi T QMG SERIES ol 208y T0TENR Gty 45, ok piece

maﬁl-E)EMnH? dRd gbfmﬁ'(t)ﬂlhg 4hif @09, rlﬁélﬁdl@stth@ﬁhaﬂ{ %ﬁﬁ&ﬁnﬁ@ifeﬁs%&ls / 6 DOF

assenb work piece imaging and mlling
(degreee of frgwour)uworkomecefrmmmtﬁ@tommskrnglyetl@ be‘fqnlg piece holder assembly
ranspasr.ent to el ns, for physically analyzing the
42{% a altlber?mégasg? @P{e \a/ork pi ece. Secondary el ectron

det SQ\B{QT/ AP eyred2 Of ifizeddn) Qeimﬁlbtm@aﬁ@@m&dadsyembly 410 is for
eIectrons her ein, referenced by 318

magipylasipe gad (osigioning) the wark (piegecrelative fe éhﬂr 35%}@ §mltﬁ ée%ected ion
bed) 26 %d%%&v@ﬂo%@unggghw&%ﬁe@bw 216‘619\?821"&!8%&1%3\9%hwee n

prinary el ectrons
17bWorlalpui:cE’Hio(d€r gssembby, 4207, fonfudilitating, ingarting bétl&uwcﬁrk(mece into

vagt dhagiier SsBmpl putheat Bedis e tBORITE Hht Mage Bkt fiopvacuum

cha?ﬁ’ﬁefr %gs%m‘Bg/ e oWﬁéﬁuﬁi &HE200° Woa! ke holﬁ@rccﬁmly 420 additionally
el ectron detector assembly 320 is contlinuously

fungfiensafor eldihg tha gvarkpiesawturiag ithendiodctedmulbi-deftosted ion beam milling
fglgvenél on. Back-scattered el ectron detector assenbly
of WS V4K PESE- det ecting primary el ectrons 302 (Figs. 2,

3, &ll&ﬁtl%aﬁszﬁblyﬂn i$ f6%) enaBlifk Effibedtionsof tAworkl piec@With respect
17b), which are backscattered
to directed multi-deflected ion beam 20 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 300.
For an exemplary preferred embodiment of system 70 which includes work piece

manipulating and positioning unit 400, then, for example, 5-axis / 6 DOF
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fromthe sub-surface or/and surface layers of the work

pi ece. A signal of the detected back-scattered primary
wetmenziors 308 (Figs. 3 and 8) is processed f oPCT/IL2005/000913

obt ai ning i mages of the surface of the work piece.

Preferably, back-scattered el ectron detector assenbly

330 is continuously operati v duri ng i npl enmentation of
(debRe-oPIfReth) %M@%‘E&é@ﬂaﬂ]ﬁ)ﬂr&ﬁﬂg a8d 9Gsxﬁ‘d>xﬁﬁ% BRBmEBL £1Y O work piece

assenbly 340 is for detecting primary ectrons 302
mapipplgiing 2nd3positiongng ginit 1440, isameeds foy) tra%ﬁf%rﬂpg ¢fFwgsk pige holder
ass&t%@lg Qﬂg Z\péen }’ME & ef 3fr Sy ]%)819 ats hantdh %aéMEln{( chamber

pi ece. b ransm ssi of ectron tect
assﬁﬁBE'IﬁlDy)fS'd&ulm;umomo nuously operative during

i nmpl ntati on of . the present inventiq For evity
in ﬁg:amfere%@c%g%y 144 dés ﬁ%é%ﬁﬁ?t%cﬂ) %li%eoand preferably,
incRld8S A r\"ﬁoratﬂﬁf ﬁhl@ 5000 Hreﬁ{s{léfﬁxln Jr%ﬁﬁﬁl?ﬁn%( Bclredé of vibrations

are general ly shown bei ng dete pi ece
duringa gpergtiandf sy $temnP. d edmeviboationnimit 500, aml phmpelﬁmte tleeeof, are

.to Figs., 11, 12 and 15 m70 tional

dinifly PRRH A5 o0k e iEetioporbid lorain SR ARG Hisgmoly 900

AnAOSbrati® iAig SO0 iinclddd9 thd Alaid Bothpitedtsi 3T {)lhﬁhli\t\ja bK eRt@6-Pneumatic
Work pi ece mani ﬁul ating and positioning unit 400 is

Or/@p’efﬂ%ttﬂov@P‘ihaé@ﬁ active dampingassembl tﬁﬁaf% eKargpleefonr 9lezt1®pnewnatlc

t
B SIS0, Al 'l BT | Sty i

anda prcﬁmrminaby utijiges 800c 1spd$1§a‘rzﬁrvrel§,d cﬁmieouéd rra nintlaflbﬂahen waitk500, for
oce mani pU| at@g OSI tioni n(g gnl { and in
pro(ygi% grifanigsHerangfena H’rgtf?re%ﬂséf“l“};r REMH @jl E‘Pttﬁ)élél
Vi eVﬁthfefér@x?ce"Brfl’igP'lqc‘?Zth A&l lafs§§‘§?é}hy70489tlc‘/ﬁailpoétﬁd eferably,

work piece (a), aRd wth a work piece (bj, as part
inchides eompenent Inagingatumt 600 fbi gnagmglthe]s@qualme;l& wel as components

in Fig. 15
of S licngP i PG e, BB, B s ks ippeing and
miling détetor ufit BOF; WélR P& mafipdla@edst) posaidnid @§€400, and at least
mani_pul at or assenmbly 410, a work pi ece hol der assenbly
onork pipes @abancabwm)/ %@I@er&wg wih QO is/algp psep for imaging
dlréél!%g Elﬁﬁli ogﬁ?ré;t\%cf &Fé@?ﬁnﬁ( 81&%3 E{agér?ﬂﬁ ldﬁ%ﬁt‘é g&‘%ﬁ(ﬁ 'H?\!llyl deﬂectmg
assembhyt 12.03 ahd being direk;&dt uael/ardsl inmdiaaf la&d:tmﬂmgmg bmrmaﬁﬂ mllllng,

| ati to vacuu E,arrber ) ly 210 of vacuum
sux Fto gor %epffsélf‘gl SHOWBIR IR 4420 i 5 for

fac Cbhﬁa@hérﬁgldl&%?g’ztdnﬁg 600 ishs é’i’QﬁxkelP' &nRedtdd %V@&d&im chamber
chanber assenbl , and faC| Itat1ng renoving of

assamblky pl(lacéidlmpmﬁmnmagmg: bait 680 kes sasniphip Grdponsht aaaaimmamera

ey Pofvarctony AB) &F Figte ne T aRo B reliipb e SlehlsSHRS ald process

it @i ﬁ@ksuol Eb &lgiiV E&da ced t@@ Sent | ﬁhGO(W%Ik idi
coIOI ecel Calib l F : eg’szserrt’)el y 430@@33 for Ig%z:\@%u 1 provicing

eleptzonien tas anslrﬁn@blmgn@mms ropfrd ©f comppnang bpaging unit £ 600.
With reference to Fig. 11, system 70, optionally, and preferably, includes at least

one work piece analytical unit 700, 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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to directed nulti-deflected i on beam 20 of ion beam

unit 100, and with respect to the beam of prinmary
webkmehzioss transnmitted by SEM col unm assenbl y BA0aH05/000913

wor k piece imaging and mlling detection unit 300. For

an exenplary preferred enbodi nent of system 70 which

i ncl udes wor k pi ece mani pul atd ng and positioning unit

4000rdihﬁ'ﬂy, edh REYisoe andhical lurft 700 is at least partly operatively

DOF( degr ee- of - freedon) wor k™ pi ece mani pul ati ng and
conpeeted ito Macuymachagitist yssemblyo2 1Gvof kaquuarenihd. pBredgrably, electronics

nd posi t.iqni,. Us 1 - i.s .used for, tr i of , .. .

an e R8 B ied Bt s pbral S5 ndcfla b LAIEMEI ARG Sltvtical unit
700, hfdr aprovidingk eReB&IES Yo,amill ¢ashlng praediecoms efplefick? Wbrk piece

of . vacuumunit 200. Wth reference to Figs. 11, 12,
analyfipahwnit Wt em 70, optional Iy, and preferably,

| DCWE_Spi@&t hﬁaEﬂrtWalat\ﬁlﬁm(}m!i% fgp%xalfnﬁf , B §MR8t (s&BnBiry ion mass

m nim zing occurrence of vibrations gurl ng operati OK
speofromytet))eusingDdireatd multibdeftected iomibearb @, ofirvsk brampame h0@; which is

inc{ggﬁ{]%g{ 1‘513)%5%,5 %g}g K\&W@ED ﬂg&ts?grgg Ertgﬂmgi gg . ceeroatI tixc\:/ %!o}/k piece. For
sueﬂ?hiex&inpra?} §RBifleimbodRflerit B¢ kHAaH 70 MeaciBin in@ PP PREBIaBly includes
(0]

a plurality of electro-pneumatic or/and . )
asseinblies endrenclatasi eanipment Jer gsomding ansk angintpingng fudfra-high vacuum

exanpl four.,el egtro- i iwve. '
coSRIRL ir SOMBLE A  FRIEH TR ol gs tow as abons
10Br g6y abVacuusl geiniteniassentodd 200 00a&h @Oohile @bmipbidritd b she SIMS. -

800 .is operatively conpected to anti-vibration unit
Altsrgtivelys wprkonipes pldicakinipdP@ ds p EDhpnergyflispegsion spectrometer)

o EASEER g e RS O S S, M 51 f vor

picopimagiad dnd mdhng getedtenalnity300i ncl udes conponent i magi ng

unit 600, f i magi ng .t he, wor i ec ag well.a .

corpbRgHt B eiirde o ot Py ohefs yinciuded work piece
im@éﬂ% hhPR@link QeteStior hiP360, thHl SEM d¥irin REREMDIY SP®ithded therein,

and mlling detection unit 300, work piece .
camalm Buction fiey physicplssRnalying iewhrAcerobihe ayark giccp o Adternatively, or

r e nal yti i§. 700, [ [ e

soff L S ERICREERBE) I byt P f RSN W B9 wiin
trafBhitted @RLires de@ciop Asdepbdly 390 &X ividrk Ppidcerinfagig ahidr @illihgidetection

and nulti-defl| ecting. assenbly 120 and being directed .
unif 38y fp5 | the wearlg e Dsing wHISRYRAGIUpISFIonsn Errphysically asalyzing the
bu@%ét@&ﬁ 0@&4‘{)&%@&5 pi ece, as particularly shown in

ig. 14. nponent

I maging unit 600 is operatively
coniesystan 70, electroninscnd mreresasserb uyilidd0800Compddigon to providing

i magi n njt 0 has a [ 0 nent . idep canera,. )
clegfBBrater 4 trablte Brbess cs0Bol ot farhbeany gnit 10 SEP RS it 200, i
forgglabfvﬁ:ﬁﬁ?'el/ectrgbi%@t&,o BAE %n%l%gpp%eﬁs cERRA TS ke !olp'tibﬁas,s%ddiﬁonal

) 1's operatively connected to conponent I maging uni
opgatively eonnselgd isgiitery usitsct roni cs to, and enabl i ng

et ERoBRY g pvass SRR dhiiad® U i e g, feind operatvely
cotiticefe@ta idry beanD Ghit 06 add td €&%fum unit 200, is operatively connected to each
optional additional unit, that is, work piece imaging and milling detection unit 300, work
piece manipulating and positioning unit 400, anti-vibration unit 500, component imaging
unit 600, or/and at least one work piece analytical unit 700, of system 70.
Electronics and process control utilities 800 has any number of the following main

components: a central control panel or board, at least one computer, microprocessor, or
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one work piece analytical unit 700, for analyzing the

wor k piece. In general, system 70, including ion beam
wWa@2iob/01088 and vacuum unit 200, and at | east onBCTMI2K05/000913

pi ece analytical unit 700, is particularly

i npl enentabl e for analyzing a wide variety of

different types of work pi eced, particularly in the
cerftrl frdebsskrahie SCRU), BéHY Wwith isscrittdd esmpli@sieRire iRRver supplies,

from sem conductor wafers or chips, that are w deldy
povereepnyverterpeconoliers. soatre Hercepasdse wpriiqusyprinted circuit boards (PCBs), for

el d . . A Vi i

exlfle p e Bl o SR PR A ERR B0 M) a0 (o 1o
digitht) flastioasl i zgjdaple’ 1Wired, comeadtons, shietdiZ30grobndihgs, alatiyus electronic
. .electronics and process control utilities 800 is
mt‘&fﬁ’é?F%taP@é‘FSWOg]&ﬁ f%F-t 0o each work piece anal ytical

uni tyifiPRefedeRle B P1sduNEhded CEEERRMiGSadproddd &nabl hififities 800 is

process control of, each work piece analytical unit
operativelygonnepticd ard mtegrgted avith the veria@poiwst supplieesdiop lbeamainit 100,

in gt G Beisior Ofle BB SRR SBh b tSufP eSS T, and ion

beath dizécting and el defledithg 3iniIE32000Nn (Wi t hout
necessarily mlli ng) a surface of the work piece. For
suchngthepmaAsaess of eaireseat mypaiinmis Asubrombuaten gfthe system for
. r.a n . .
airk A R BbccHdoR bR R, U W B2 SRR Her® ¥rovision of a
systdnh rfer dirgrtted/ anititdeftatidpta prsidetidon exampireluding theafollowing main
con 35 RS S el GBS o i B R beam i
inclu¥el YHGof BERANEREENOEind RulSld¥Rect t&'é&ﬁﬁl&,v ﬁlr%ire‘éﬁﬁé‘ and at least
pi ece anal ytical unit 700 is an EI%S (enefgy di spersion
twigp deﬂmimgttét praygdedgon bsampfafiopmingsr direstadcmnlbindeflegted ion beam;
enerated by SEM col.u assenbl 10 ,of work piec : .
et 4R St e RN LRERE et e 6y Beirg deniecting
assemBIye ifer difletidddydirethitlg Phepf el Mon béwei ot foriiied hd@Ected once
wor k piece imaging and mlling detection unit 300, .
deflectad mmvbeashuaid a8 denthepms sevond deflgeting pwsewbly, femdeflecting and
a: r .
ainfy ) b BRENAT oA g RLTE b ¥R, b Pl HIEE Phected fon
beano|being astypertifythd ifultiadeflzptetdaioa beanTardd aowbeudyi unit, operatively
utili zi transm tteg0 el ectron detector assenbly 340
congiectid g UFs; o depmetiit dorRraviding sgmaataiipg arvagiith egpigonment for
theliOh bédhuMer K pi ece being transparent to electrons, for
physically anal yzing the bulk material of the work
pi edgcorflimglyy stithmefe@gncelte Eigsodi d4, thadysiero dersdirectedtmuti-deflecting
uti.lities 800, in addition to providing. elegckronics..
a piiddg foR e inely e g el Sipk B Yomponds wEE hingfi ity thereot:
an ¥t0b4at Ui 00) 4s iB0&rativelyl RscitedViedéiRgboRt SFhEeM i6f befm unit 100
. and enabling process control of, the optional
inclydgs an ndeampbiresting and mybhdeflocting assembin 129 fog directing and at least

twice deflecting the provided ion beam 10, 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 10, 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 deflected ion beam 20 being a type of the multi-deflected ion
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El ectronics and process control utilities 800, in
addition to being operatively connected to i on beam
w@niob/01088 and to vacuum unit 200, is operati vebgT/IL2005/000913
connected to each optional additional unit, that is,
wor k piece imging and mlling detection unit 300,
wor k pi ece mani pul ati ng and “gosi tioning unit 400,
beaii)tandv i brag i nunini200 50Peratiasip @aandctédTiy it]mg iamibkar@Oghit 100, for
or/and at |east one work piece anal yti cs unlt 700, of

pro¥idinesndzpainipyning # SREUND Giiropmsalees tedpr PEAm BRIt 199, es
800A RétRie® taif) WXPEL OF tﬁéq% sl Weﬂ%)ﬁé Hr&GRRANG &S method for
central control " panel E)oard east” one conput er,
deteringniop ramd esstro) lingr @éﬂttrqﬂ ioprimass siilhigg i & “(OﬁPlp)qceairmhghng the

ol R OProre ONERGIT and. BOIERBI R i ohhy G viding a set of

preMifarMifedRaluts O aticagWnt paR@idls JfithBabrk piete siet®l ffom the group
i ncluding input/output (1/0 and DA (digital to

congisng g¥: mknwsmf(taﬁ aYwly niesedepth axf)a rrget tYilhathe week piece, and
t n
topGApETof G on€ BARE & e ol Bt AT forRlit BELAEE i defcted
ion\Wetm mﬂlxﬁg Qif Ctbe worlEipgse uém@l’kdnﬂthoﬂl Ecttln@dlrex.?.e(ﬁﬁdﬂtx-deﬂected ion
roc?ss contr utiliti SS 800 |1s &gratl vel connect ed
beagh miiling i raatve R}ieF‘h ip¢fadipg the, fdloyig maty, sisps: ed g pompgepents and
funPESHRHBE {heilé?)@ rb(hdﬁfgnﬁ{ fln beARS ahd dReédd %&ﬂda&t 1ledP®wice deflecting
power suppl es of 1 0n beam source asse 0, and
thej pmvxlde@nomlheemt ifory fcanningnal directhelf madti- dci@emls embbganLZWherein the
tion

a8 RSl TE SERE eR D B RG M, PSRl 3 pes upon, and
millu b irfatef dfaRé edrit pleceb e@dntmé kaariah iR st A1€dSEone parameter of
V\ﬁereb there is provision of a systemfor directe
the ok P’@é%l Betforming et Pliaerapwad batues ofntheudti leasttene parameter;
f RS
con b 0 TR FETERANI 20 o WA s ARt vaes
for drming alzeaof (Zhltle‘:‘diffeﬁglcas’lﬁhsﬁmhfed wddf the chmpgrlﬂgst'emihg/ back the set

of éxgr\@f cggtite %se%%]cop%l%uﬁ?g}l}% ?V%f ALY eCtgP gxu tl-(eieﬂected ion beam
mllrrﬂHU% E)f fhggﬁrﬁ ?m%g Ui tﬂ?:e\?ame Jlﬁ‘@reh&% a!?ce@fm]ﬂx' d Igrgldefégmﬁﬁq range.

ting assenbly includes an i|on first
def Inetbt inreghaakfoe dbtbgmmirtg and@bhtmlﬂmg gx&ntiofdion dearn mgjllinigeof a work

plegeegl?l/ ' %eg(dg%e'ﬁ? q:;?egﬁ%( gﬁug R Jehst e ggﬁ# ecétglg agoggﬁieggtcpﬁ&sponds to
theBSRARRhY.as beingeht b?ﬂie'ﬁﬁ@d@t@ﬂmﬂbd prainR@rd BEthe WosiE breek.

Iecte ion beam for formng a directed tw ce

def The meghadofer etgrmipéngngndacanirpingsexiond ofnign beage mibbipged a work
ple{: R ?&%HLI g%ja %lo\é@& #)%? f‘é&ibtack gcprﬁfoqt gYﬁé éﬁref a&?ﬁﬁét@% ffckness of

roviding

thewaﬁk piecendéptioofie mzirgétcﬂﬂ thml the mﬂameual dnd télmg@ﬁ;diyrtgl ay least one
gcthreferepceto Figs. 2 - 14, the systemfaor
surtiee of (the WRIK tRieGef TB@?.% knowp gustheds fosmensuring kdqtermining) the

thidka€ssf Ablvevdn Senf BRIRICRO5idRE the W16 forin® -
! kﬁ er eo% arg ?ﬂgnnajke)egm unit %Ol as e‘HﬁP g)t ?ér (Hn Ral-time, in situ
contiwd of ithesd pezareetamb and to Woesoeiman antolnesedd manher;[@s(hereby ion beam
milling of the work piece is controlled to end at a pre-determined thickness, with target 90

positioned at a pre-determined depth, and to have the bordering surfaces (top and bottom)

have a controlled topography, either with or without selectivity, including 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.
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i ncludes an ion beamdirecting and nmulti-defl ecting
assenbly 120, for directing and at |east tw ce
waledobozossg t he provided i on beam 10, for for mPEMIIR2005/000913
directed nulti-deflected i on beam 20, the ion beam
directing and nulti-deflecting assenbly 120 includes
an ion beam first deflect|n95 ssenbly 122, for
def & IcoR@o1a8 ensbléELE tHRdndthed B QN IRErk slbcd) aamRtd@muliRbeflected
formng a directed once deflected ion bean116, and an
ionj beanp aniling: candd resdtimee tihtu a%léMf&)TWmnagmg) (with best resolution),
1ncpu%fA uge og g%q q?léjﬁ 8 t"f']f %eEthgnﬁ‘i' Ieerl & Ok H llfnlegft%eg)%rately In

eam for formn W ce

andtl@eﬁ éiemmai}osﬁ&lﬂtgprafeh)éﬂ Qnﬁodinlf@xt miistdondef is eﬁﬁlﬂdd by involving the
i onbeam and .a vacuumunit 200 operatlnely connect ed
worlgpiesfemagipuisiagARHPESIQNING wrt 4% @\p,hapgfgt g Rgsition of the work piece,

eltl{i%'cl)ﬁtrﬂiaﬂhg theAwdACHER ﬁr}\élah?fﬂtﬁﬁﬁie (bREinddRal aQf 4@?@”\ $idgrees, in

Anot her mai n aspect o e present invent
order & iaBowreither af tegt hodottan stefhersnofnihagvenkdpieantor bd Ilmagd by the

ele?t)ﬁcténe %Irr? gwl\’?&lﬁgam m I Of ﬁ%‘ﬁ%gﬁghﬁ’ 1ggljlliaen&el,pu19iop g target 90

in fheneédkqnédel i8Sl t'ﬂ@ rvﬁﬂf( fplé?:%cﬁfy' fbit 6F th€twd?k piece manipulating and
pre-determ ned val ues o "'east one paraneter of the

posmmng)u@é 408 and e egistar drg eareespemsling slifs ALt phigrast 90 as imaged by
the t ngglr}?ezlselgctroﬁlnﬁte\é@ |§48 lF e gﬁ(p tcheolfnr % Sgtair%e&uﬁMn ?etgctlon unit

topograp one sur
30(Qf1n Tchﬁhpm{dn tpitRE ﬁon tilitéd rmagemgz @iﬁ taget 90L Mhk deptiiast ta@éleﬂi) within
ion beammlling, of Flece usi ng nmet hod f
theywrk pigeg dg %ac!cmw erE’etle éesl@ ef Bnh%%lafﬁeﬁﬁr{ itAgs Bsand the degre or
S d,
o e e T ke, AL AR ST PSP B

i onFige dm is anstheinatic tiaggnaithsaating as:bntbmedecrd&sfdeGMH mgw (upper

h i ded .ion beam for fo dlrec
pad GO0 b P CYiEH (18R ebath (abhetop e (bE Gy specific preferred
emBbditdent &ff! @t Gerk %c@eﬁﬁ%%n% Gintl effifdg t @UEHIRR, uhiDFBERd main
and i npi nges upon, , a surface of the work
corppeneats thewgpf, talons wﬁhghﬁr jangbgam ynit GOQ,rfeeldatbe Ivecaks tpiega gnanipulating
ancﬁ@(gs?%?nélgé uf} F 4(2(2 %8 WQ f Qy %ﬁ?gg Sl’l?&sg];a]%ﬁ% F’eltz gnd 13, in relation

to the Rk ipit@e tillastegdd mfFlg hlet fc&a&wmﬂnu@m&dtmuﬁrtgeextem of ion beam
ﬁrOV|ded set, of the pre- det er i ned val ues, faor form ng

millingaf aworkaiges. dly Figr bRk relers de. (i BRlelioh of e detector Segments,

tha? '2' 544, eﬂ@ Qf *%Paﬁbm&!éﬁ i&ttroﬂf ett&%‘orvz%gtgﬁblg 340 wherein each

ferenc€s for c¢ontinulng orm n
detm;tbt segimsfdt @ptmtksi asrmbemlapendlehn dnje@tbr teheh mperktlmlﬁccennected to an
t he.val ue differences a

serpface plstBmF st Bivg aFCIErTRa s Hodore s G tiabiliies R0R gF system 70

THRM g e Hoal Hét@&o?%é tsOfthathB Heamqa) hhd 886,08 RandRitfed electron
pi eCe, the degree o ect|V|t of the at |east one

detgetof agsembly ma caorbe lpﬂeécfer maﬂ@mgmrdlmagmg laecording to any desired

co BRAFRERN bo P RRaS R P bl S BT TeM images.

det Big¥l N7AGndNI7ic aft Elehiallg dxdramt i0hstiading e aFosEisédtiongview of
of a work piece, is according to a closed-Ioop

detﬁ@@aﬂac@ep@b af adnrast 99 mathimp gnillsd warls tpigcs; as pare A dstsrmaining and

coﬁtﬁﬁh%ﬁ) re;&e 8P fon gga?{x] ﬁnga%)f ? 81‘?( jggcéM Js[HgnthteW?an\é&rltlfed electron

topograp
detector assembly included in the work piece imaging and m111mg detection unit illustrated

in Figs. 14 and 16.
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surface of the work piece. There are known net hods for

nmeasuring (determ ning) the thickness, however, the
w@e@somssret hod provides the ability to perforpPeT/IL2005/000913

real -time, in-situ control of these paraneters, and to

do so in an automated manner, whereby ion beammlling

of the work piece is controli%d to end at a

pre r pgsk t

D PRI, P e TRl dfel A RRERAL O cfls, and,
bereficithard advapageods mspdotsy)chhemeteriaticso o rfoatuead, the present invention

to raphy, her with qr without selegtivit .
suct R YGHceioS AP BFIOpAn o BERS OF 500 Rl PRSP Prgaggen techniques
of ioHbEAA ES1lng. Pe ei ther (preferably) paraIIeI or

wi thout a pre-determ ned offset angle in reference to

the | ongitudi nal axis 40 Thls contr ol |s enabled by
t he; net hod of e [
i 1S BT S B4 bl AhgoRy el ey
forldllarﬁyt HesSHMSHEMd éf&gd:mg)f(s&phﬂatd)e:&bodlﬁﬁﬂisuma@rﬁlso be provided in
i ncl udi ng use of S BSE and TE detectors, either in
core@ﬁmqﬁlalpuaoﬁmgl%?mg%&gg}eat F9nverssLya e pHsraspeetand-gharacteristics of the
invemtGl, WnfchPf ffﬁ{wﬁr%dltf MR |vIB thetéahf%me §1Qéle lefbBARARINE dnay also
y 1 hvolving the work pi ece mani pulating and
be povided cepanajely i in dIQOsmtabkchahgennbhmtlpmS| tion of the
wor k piece, either by rotating the work piece in
relation to the longitudinal axis 40 by 180 degrees,

i N ANdRiblitRioak, htened AdPpatéxit a%ﬁﬁcé'ﬁbnb feh ORI tBIE @pedfication are
the work piece to be inmaged the el ectron beam of

herginaingEnpraged lexb&np bmrytym rﬁf@enm ingotherspedifieajionhto thesame extent
[ §8t r e t
as J‘ egcéﬁ gillglrredél%g pu 11{{ Q%nﬁ L%np gatrerlgtmta lfcatlsn \D%n\ggéckﬁcally and
1ndi3»fi§l!1dllly0ﬁkifa>gtednﬂot bet @it oputated lfe@h Hye Eefél’eﬁcecorlﬁ esldbiodi Rfation or
hift, DL, of target 90 as.inaged, by ghe tran mtted .
idegilication AT e @éﬁ%‘?ces‘ﬂ@léﬁpﬁl%tl%?h@”ﬁ}(’é %C?rrﬁaa? &5 #hafmission that
nto the

Sucg‘m()rlr;ﬁifek e ?vlﬁﬁﬂjéggs ar@%?%%#[@%%@ ﬂﬂ?ﬁgﬁ%{; pth of target

90 MAthIn t he work plece is calculated fromthe angle

g];(t &\h{ e’c};ptb grglveeinﬁélbL et e%ﬁggbegéngzpnfuggﬁ egg sggcgf i ﬁg\mdlments
and &kabplss thdrPof, # 18eviddt thattnany dternhfivéss nRIHFRABHRY drfd variations will

dlagran1lllustrat|ng a conmbined cross-section view

be (agmpjent tothese( sk,ll)lechmtheoqﬁ ViA@@pn(dmg}\)e rit pqamter(dggl)to cfmbrace all such
altetrﬁétlnv%s tnﬁgdlﬁc:ﬁ%ls Ahd v?nqgt% tﬁatq%ﬁ G eﬁlec I on db % cgﬂ:ape of the

f tPe invention, which are,

I'éce I nag
ap@ﬂdedraalmscorrponent S ther eof, al ong with the ion beam
unit 100, and the work piece manipul ati ng and

positioning unit 400, as part of system 70 illustrated
in Figs. 11, 12, and 13, in relation to the work
piece, illustrated in Fig. 14, for determ ning and
controlling extent of ion beammlling of a work

piece. In Fig. 16, 80 refers to the projection of the
detector segnents, that is, 342, 344, and 346, of
transmtted el ectron detector assenbly 340, wherein
each detector segnment operates as an i ndependent
detector, each operatively connected to an separate
el ectronic circuit, part of electronics and process
control utilities 800 of system 70.



The signals from detector segnments, that is, 342, 344,

and 346, of transmtted el ectron detector assenbly
w@4@p/0zass be used for measuring or imagi ng, acePoOr/mi2ngs/000913

to any desired conbination, in particular, as relating

to bright field and dark field STEM i nmages. Figs. 1l7a

and 17b are schematic diagra®s illustrating a

cross-section view of determi ning depth of a target 90
WHAT I RLAIMED ¥ work piece, as part of deternining and

controlling extent of ion beammlling of a work

pi ece, using the transmtted el ectron detector

assknbl yAimethodidor dinedtdre mutti-Hefeceleionnteginnguillingl of a work piece,

mlling detection unit illustrated in Figs. 14 and
compiSEi¥sed upon the above indicated aspects of novelty

andpo Y dnviBR88sm; #Ad, beneficial and advant ageous

aspects, characteristics, or features, the present

i nvéiractiog asdcatelsastutwige geBeatimgesaid iprovided éfs beampgdfor forming a

W derﬁ%m%:t?& rﬁﬁl?&?eﬂegfedpiroﬁsge%%{,y hnrgl\ﬁ'n satic? HiraL Y exﬁul%t(%elfpegted ion

beam mTTT ng. TTHS apprecia ed that certarn aspects

and deamds tgedtad toddirdy, ifdident MEipinges upbn,cind aiiitls, d @irface of the

clarity, described in the context of separate

enbod’i’%rﬁ’t@?- may al so be provided in conbination in a

si ngl e enbodi nent. Conversely, various aspects and

characteristics of the invention, which are, for

br e%i t y, Thlemetholded claamt hevieoeit saitl difecingsamiydtdeast twice deflecting

.enbodi nent,. may.al.so be provided separately or..ipn.an
sai B d o o, hERR it e Sreleed SR eRaHe SO priidch i beam, for
forAMy PAIBAE BB dEASEN forTB&HN, A dbfleckiib tind directing said directed

specification are herein incorporated in their
oncgrdeflecsed/iopypepms for doraring adireethdtwise deflectestippheamo t he

sane extent as if each individual publication, patent

or patent application was specifically and :

i nd3.vi dughd methadiof atai 2, avHeeein Baid Idpectad ewichdefédledion beam is a

reference, In addition, citation or identification of
typa A§saidmuttisdetdectsd ipRb&aMp | i cati on shal | not be

construed as an adm ssion that such reference is

avail able as prior art to the present invention. Wile

t he4.i nvenbé oethodoflvtem Hesteréibedididirectimg ambati least wvich deflecting

.speci.fic.enbodi nent§ and exanples. thereof, it .is, .
seid B e (G Dot AP AT G SRR CRHY Sy ion beam, for
forMitd PAitRR% fBbhsed iéh BRRAr ent to those skilled in the

art. Accordingly, it is intended to enbrace all such

alternatives, nodifications and variations that fall

withint SPhlist 0 ope, of t.he a n . .
o) o, e o o e PR Reutihf 5B ARPRR ey provided
ionrBehinl incl@fi¢sededfRBtinghid peovidedl ibh bgarafas Pam@rlsaidi feaRing said directed
conprising: providing an ion beam and directing and :
focysed|igmbeami.j ce defl ecting sai d provi ded i on beam for
formng a
6. The method of claim 1, 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.

7. The method of claim 2, wherein said directing and at least twice deflecting
said provided ion beam includes deflecting and directing said directed twice deflected ion

beam, for forming a directed thrice deflected ion beam.



directed nulti-deflected i on beam wherein said
directed multi-deflected ion beamis directed towards,

WO 2b/dEess and | npi nges upon, and mlls, a surfBCEIQH05/000913
the work piece. 2. The nethod of claim1, wherein said
directing and at |east tw ce deflecting said provided
i on beam i ncl udes defl ectingland directing said
provi ded i on beam for formng a directed once
defl ected i on beam and, deflecting and directing said
di r gct edTROaRHSAIIFREAD, WMerdde Y direted EHri¥e MEflécted jon beam is a
directed twice deflected ion beam 3. The nethod of

type lo&saidl multiidetlested ignjbgami r ect ed twi ce deflected ion
beamis a type of said nmulti-deflected ion beam 4.

The nethod of claim1, wherein said directing and at
| east twAaRetted fedirettgd aailtldpfleting @grovidedien bea ConiiR fing:
focusing and directjng said provided i on beam for

f
f or shFeRing 484 Ablepst dwics dederingdhe roxiied don beRan, her thpringa directed

ol ai . e Lt . . . el
ot ovi o SEREEU T Bcty, LA SKTLARAN, QoL RPrBTLG on beam, for
i on beemingsa gaedteddneadafleted non pesmj endjideBedtng dndcdiseting said
i on bea 6. The .nethad of claim.1, .whergin id .
di r ety dagnse deetid dop egd fort fostoingg Wisfigd dica defipeted ion
i on hRam beied 698 oe¥did anbdBPmanddeidctetibi Beamai d
provi ded ion beam for formng a directed extracted
ion beam 7. The method of claim2, wherein said
diregtin t i deflecti ' [ .
O S e RS MG st 1 BG E hencin
theprowdédtibntbsameincladdsefotwsing o difsdting tlay prboided ivgh eam, for forming
di re#ed thrice deflected ion beam 8. The nethod of
a dgpcipdiopusedrian Bfansai d directed thrice deflected ion
beamis a type of said nulti-deflected ion beam 9. A
nmet hod for directed nulti-deflecting a provided ion
beai. coitpe neithng. ofdilaieci®,ngheaeid satd foeasng and diwecting the provided

. deflect] rovi ded ion.beam for form. a. A
tonclepine Pty it focBiag sC8utaB b Beim b e OF Pl g feid directed
focdiddaeh begmt he provi ded i on beam for formng a

directed once deflected i on beam and, deflecting and

directing said directed once deflected ion beam for

f or m, ng [ te . C, fl. dy: a I n .
[onP 0! f R A, RS BT FRATMOR By acnccing
the Thievidet hiod edanc ligilides, extfaetigd and adiftcthy ekd ipAgvidedd i@l beam, for
| east .twi ce deflecting the provided i on beam i ncl udes
formang & disepted-extarted dan bRgm-he provi ded i on beam for
formng a directed focused i on beam

13.  The method of claim 9, wherein said directing and at least twice deflecting
the 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 said

multi-deflected ion beam:

14. 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



11. The nethod of claim 10, wherein said focusing and
directing the provided ion beamincludes deflecting

wa twepriosd ded i on beam as part of said form ngPGEILE005/000913
directed focused ion beam 12. The nethod of claim9,
wherein said directing and at |east tw ce deflecting
the provided ion beamincludgs extracting and
directing t rovi.ded i on beam for formng a
i 1 oA WA ARG S Bifct hiongraP b ISP Ui f the work
9, ®in said directing and at least twce
defl ecting the provided i on beamincludes defl ecti ng
andpatforming digeoted thudfi-deldecsedl toni b@ndéﬂlll@gt(édhﬁ orprisguene using a
for for 9 fI m bei n
anot H& rtﬁn cg%d%tlr%%teeg g uqu d,egectec?e {oneboeél ﬁ e%gf] 3 %% gﬁce 1gclud1ng

14. Ah¢rgsifondng mmmk&épsg and)icogp aﬂanmm funttionalitiextherbf: @oviding
ion beamnlling of a work plece conp

pr oviadi 1Ay baa@e%ndoélr%tleg dad &f irasiciyi eﬁaﬁqj@gﬁ% ﬂi&tprpélégd ion beam,
one ogf afi‘;%ﬁxr %f cfu%@tewoﬁ‘thkf? 'd%ﬁ@ct?t? 1|§ﬁt Bgarir Q’metraﬁ the directed
group consi s of hi ckness the work piece,

dept multi- @ﬂactgcéuon/vbtdm fis tivectod tdwands dsideant dnd appugephyon, and
of at | east e rface of the work piece; performng

di r ecPly ?ﬁﬂrg’l“ é'?‘feéf\‘f’trgal%n beam nilling of the work

Pi gl Hﬁienﬁle%uﬁﬁg hiackiti0daidliat §6dse dnEpatdmcial beteeHotlOBiece, for
beammlling of a work piece, including the follow ng

mal n fgnelpg a sgihef, measwisd I’YéhIGS obsaid atpast Penparametes

| easc%erggarm rga d' ng r%aidto Qné)agf;i‘rg%l” Y, gesdI atld rﬁg ? ﬁgd set of said
form pi@-datedhfne@ b@ldeiﬁﬂd)ﬁ fondﬂfgb%t %alwﬂlﬁE&ﬁcesVHﬁﬁfcﬁtéd with said
the directed nmulti-deflected ion beamis directed

t owar @ PIR&i dent and i npinges upon, and nills, a

sur (f%&ﬁ Oéacf( hQid"&toP L8 evallfe ?”ffe dridBs é&ﬁfﬂﬂﬂlg' ﬁu& 'pEH?ormmg
sai | east one paraneter o e vvor pi ece,

f or m digcdsstltiedefleetad L dbeanl mabingfof 3hé ovoak plmzastmtdnﬁud value
par a er; co arjé‘ngc1 sai d set 8f sai d nmeasured val ues

to saleshessiatrenithig RF-dStermingH &angst e ni ned val ues,

for formng a set of value differences associated with

sai d conpari ngw feedi ng back said set of said val ue
di fi%r enéhs nfegrodcfrlaimul hgvkeaeid q@gremfrﬁ:hgtmtyr elcsaediat least one

def | ected ion he md.lin | ece,
surfn"cI F thse wor E lece COlaeSPf)e(?Sggﬁ CS%lél t%?(%r%htyr? e worlf( ;P iece.
pre determ ned range. 15. The net hod of cI aim 14,

wher ei n de ree of selectivity of said at | east one .
16. evice for directed multi-deflected ion beam milling of a work piece,
comprising:
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 said provided ion beam, for forming a directed multi-deflected

-ion beam, wherein said directed multi-deflected ion beam 1is directed towards,

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

17. The device of claim 16, wherein said ion beam 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 deflected ion beam, and



surface of the work piece corresponds to said

t opography of the work piece. 16. A device for
wal2aeo2ies8 mul ti-defl ected ion beammnm|ling of BCEIIREN5/000913

pi ece, conprising: an ion beam source assenbly, for

providing an ion beam and an ion beamdirecting and

mul ti-deflecting assenbly, f68r directing and at | east

tw.ce defl sai d bea for,
an o B Senti o TeRPR S ol Selfrtingrned frohing id dibofba once
defltte@ GdrEBeari Ifbr foflRink ki REteld Wi RIRMEdtEd Bhbeshed t owar ds,

i nci dent and i npi nges upon, and mlls, a surface of

the work piece. 17. The device of claim 16, wherein

saifhio e [ |

[ nchudegr lgen&%vé‘% (ggcg&rln fi r’gfq’%racnéj ecétd ?r%t‘la‘gééle?rgfﬁe%&% an){)eam 1sa
typelef $apd ity dafhdtediio®bédanng sai d provi ded i on beam for

formng a directed once deflected i on beam andan ion

beam second defl ecting assenbly, for deflecting and

di ragti Mghs i rcﬁ’thﬁgmonf@ Gafett 84d1 ®h b&%fﬁ %jgéctmg and

formng a directed tw ce deflected i on beam
muldieddfleeting as$emhlu lﬁ’cludvheareuwn deard ficnsing @dsemhlx;efor focusing and

def | ected ef | ected

airg?fie S84 06 195 B TpE e s gt o o

beam directing and nulti-deflecting assenbly includes

an ion beam focusing assenbly, for focusing and

di rébt | nﬁhes@vecqﬁfcf\}alabbp,uvﬂwr%eam i bedp fofugigE fssembly includes

¢ S& o}

an %ebr%gﬁlﬁggfgﬁ&%i eam %ggfgectlgggalgg)ﬁv?&d {) gkeﬁh g%]ﬂs%t of said
forming sia&iadrrdd&ﬁlfemsedlg)nshd:hm%senbl y, for defl ecting said

provi ded i on beamas part of said form ng said

directed focused ion beam 21. The device of claim 16,

whesgei n Bgd dqdvie Rsarifdhy e, Réheftil G4 T '1or{jelf)n§ofrpt&1?&tmg and

assenbly i ncludes an ion beam extractor asse Y,
muktixdeflecting gmmibl)d izchetes mp ai bf:apr evlirabéat assmueamr éxpracting and

airsPg R gy iR Pl LR BlhCted o A

mul ti-defl ecting assenbly | ncl udes an i on beamt h| rd
def | ecti ng assenbly, for deflecting and directing said
di r&et edThe dvigerdfeclam | bh Méwrmin f 83idf éomi brgmy directing and

mufgi-&aelq%tcggg E‘\%ﬁe r Hl%mdgé: Eu?%ﬂ B%:ng ?‘?Eﬁr dgﬁecg;[g %ss%ﬁx\{) d}p FoP Eeﬂectlng

in sard direc Ice 'ec
andoiseating sad Hirpaedfwisadeflenettion beint, €oit foemingm disared t&!ﬂce ddflected
% vice for directed nmulti-deflecting a provided ion
ionbealy conprising: an ion beam directing and
mul ti-deflecting assenbly, for directing and at | east

23. The device of claim 22, wherein said directed thrice deflected ion beam is a

type of said multi-deflected ion beam.

24. A device for directed multi-deflecting a provided ion beam, comprising:

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 said ion beam directing and multi-deflecting assembly
includes an ion beam first deflecting assembly, for deflecting and dirécting the
provided ion beam, for forming a directed once deflected ion beam, and an ion

beam second deflecting assembly, for deflecting and directing said directed once



twi ce deflecting the provided ion beam for formng a

directed nulti-deflected i on beam wherein said ion
whemanziosect i ng and nul ti-defl ecti ng assenbl y Peminzdes00913

an ion beamfirst deflecting assenbly, for deflecting

and directing the provided ion beam for formng a

di rected once defl ected ion @fam and an i on beam

second defl ectin ssenbly, for deflectin nd )

i ¥ octeriigied S Pt Lo G cliBrIeS Tt ish doBRAHEAR bongy being a type

for m i1gam dicRatnfdtiidehetedRhliRehed i on beam being a

type of said directed nulti-deflected ion beam 25.

The device of claim 24, wherein said ion beam

di regting, an | tisdef.lecting . assemyl.y f.urther .

i nc %‘d esQ\g g%vﬁyeoe%t;n (ﬁ%'c[:nus%‘ig q’éhs%%ﬁbnllg{’}?i flgr} P% sAjfgeting  and
mudtitdeflickiag tastgnly €urtied \Ih¢ledesi MNicackam fortsih® asSefblR for focusing

directed focused ion beam_ 26. The device of claim 25,
andygggeting thegravidehiopdsams fox diarming adirested {pepsed)ipg bear

i on beam defl ecting sub-assenbly, for deflecting the

provi ded i on beam as part of said formng said

di r 26t ed Thederdesloff dainb2inwhé¢in shhleiod deamn doafsing @semiy,includes

wherei n,said ion beamdirecting. and multi-deflectin .
an SR 9o S P bite B s e ATt GFam a8 Part of said
forABBEH Hirech&d foBddell #6if bdagh.and directing the provided

ion beam for formng a directed extracted i on beam

28. The device of claim 25, wherein said ion beam

dirgetin n tiesdgf.l ecting ,as v f.urther N

i nc E’desggg ?%&r;{yﬁlbegf;n ‘ﬁ%lin} dﬁ%ef }éeé%lg%glgss@tﬁbp%mf glrrecung and
mulie it Rating assnbly furthet intfudeaiad ich beah egirdctorCRsaetlly efor @sltracting

ion beam for formng a directed thrice deflected ion
andhdiggpting thegrrarided om beamgfarforanipg a dypefediexteacteddon beam.
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36.  The system of claim 35, wherein said directed thrice deflected ion beam is a

type of said multi-deflected ion beam.

37.  The system of claim 30, further comprising electronics and process control
utilities, operatively connected to said ion beam unit and said vacuum dnit, for providing

electronics and process control to said ion beam unit and said vacuum unit.
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41.  The system of claim 40, wherein said ion beam focusing assembly includes
an ion beam deflecting sub-assembly, for deflecting the provided ion beam as part of said

forming said directed focused ion beam.

- 42.  The system of claim 40, wherein said ion beam directing and
multi-deflecting assembly further includes an ion beam extractor assembly, for extracting

and directing the provided ion beam, for forming a directed extracted ion beam.

43. The system of claim 40, wherein said ion beam directing and

multi-deflecting assembly further includes an ion beam third deflecting assembly, for
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deflecting and directing said directed twice deflected ion beam, for forming a directed

thrice deflected ion beam being another said type of said multi-deflected ion beam.

44.  The system of claim 40, 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.

45.  The system of claim 40, further comprising 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 at least one work piece analytical unit, wherein each said additional unit is

operatively connected to said vacuum unit.



