1 METHOD AND SYSTEM FOR PREPARI NG A SAMPLE Rel ated applications
This application clainms priority fromUS provisional patent serial nunber
[1] 61/361,536, filing date July 6 2010, which is incorporated herein by
reference. Field of the invention [2] The invention relates to nethods and
systens for preparing a sanple for trafgsm ssion electron m croscopy.
Background of the invention [3] Transm ssion electron mcroscopy (TEM is

a techni que where [ ht ugh a thin
sanple, interacti %W@ﬁ’a}mj §g§§féﬁé?§% ﬁﬁélfogggg% ’{‘%M}EEE A hi gh
resolution image can be fornmed fromthe interaction of the el ectrons
transm’ttlrg?giaéhrou h t-pe speci men. The thin sanple can have a thickness of a
f ew nano- ?g_ap%[h&f PRE preparation of a TEM sanple can start by

recei ving or manufacturing a sanple that is connected to a sanple hol der

el ement . This applibaticat claimepriotity feemplS provdsions peden seriegbnuebeg| enent
before being ion mlled is referred to as an initial sanple. [5] The

sanpl e hojode] €1/88% %36 SiliﬁPOdrat"ehjLWEB 201an waoh ris dmeaorporated dereinebyel d by a
mani pul ator. The sanpl e hol der el enment can be glued or otherw se connected
to the sali®®€Ncehe edge area of the sanple - or an area near the edge area
of the sanple can be thinned by a nmechanical process and then be further
thinned by an ion mller to provide a very thin area that can be

t r anspar ehield @f ghednvestiomnd can be used as a TEMsanple. [6] Figure 1
illustrates a prior art initial sanple 21. The initial sanple 21 includes a

sanpl e hOﬂO@QF] TheiPntioR reifes t6 Mdthed2&ndTEsteABTLE phegatilg &lsamie 29 i s
shaped as a half of circle. The |linear edge of the sanple holder el enent 29

i s conneclosdransmisgion stecl@genierosasdysanpl e 28. The upper portion of 2 the
sanple 28 is thinned to provide a pre-thinned area 21(2) that ends with
edge 25 Background of the invention
[003] Transmission electron microscopy (TEM) is a technique whereby a
beam of electrons is transmitted through a thin sample, interacting with the
specimen as it passes through. A high resolution image can be formed from
the interaction of the electrons transmitted through the specimen. The thin
sample can have a thickness of a few nano-meters.
[004] The preparation of a TEM sample can start by receiving or
manufacturing a sample that is connected to a sample holder element. The
combination of the sample and the sample holder element, before being ion
milled is referred to as an initial sample.
[005] The sample holder element is much thicker than few microns and can
be held by a manipulator. The sample holder element can be glued or
otherwise connected to the sample. The edge area of the sample — or an area
near the edge area of the sample can be thinned by a mechanical process
and then be further thinned by an ion miller to provide a very thin area that can
be transparent to electrons and can be used as a TEM sample.
[006] Figure 1 illustrates a prior art initial sample 21. The initial sample 21
includes a sample holder element 29 and a sample 28. The sample holder
element 29 is shaped as a half of circle. The linear edge of the sample holder
element 29 is connected to a first edge of the sample 28. The upper portion of



[7] The pre-thinned area 21(2) has a depth (height) 21(7) and a width
21(3). The pre-thinned area 21(2) includes a area of interest 21(4) that
includes a target 21(5) that should be included in the TEM sanple. [8]
There is a growi ng need to provide nethods and systens for generating thin
sanpl es for Transm ssion electron mcrgscopy. Sunmmary [9] According to an
enbodi nent of the invention a nethod for preparing a sanple may be

provi ded. , Th Jray. ingl -y JVE [Sel¥] rywitg Mask
Bnd an' i i SrBich 28 8 finh g Wiipye SEEl AR dtbo B ARPURU R il 00" e
initial sedgées5in front of an inmaging device so that the mask and a first

side of an edge area of the initi sanpl e face the,.i (n evice, C.

Al i gni ng, [081t hBerRisriginngdoarea ﬁéaﬁagﬂs én@epﬂb%i“ﬁg pafﬁggn%dg asW'(ﬁhat t he
mask masksqg ”ﬁ%egn@- ihh&d Q'feat?? ﬁd&%l e82a0hrdd %1 iRtdrést 251§4)Dh%tv\hi le
mai nt ai ni ng gl'n exposed portion o i e eé'gfe area of the initial 'sanple
unmasked. inthelesl a target? ttay thatishadld kebinaiudedgnithedéd sampliee nask and t he

initial s e t he i.magi ng device. d. Positioning, by the. manipul ator,
the mask_ CRBE RBSIGi: 21 SCafes Féedr tanprafie,meio ad: ‘S5a: fhe. sk
and the fgéﬁéraﬁh%thﬂfsatrﬁmwmerrahems%ﬁoﬁ BRrctrBhtmigtoseapp! € face the ion
mller while unchanging a spatial relationship between the mask and the

initial sanple. e. MIlling, by the ion mller, the exposed portion of the
edge area ﬁb*g@' nitial sanple while nmasking the masked portion by the
mask, tog Vi a partially mlled sanmple. f. Positioning, by the

mani pul at [p09]t Aecomig ndn tehebadimenalbf gaaripivention &rmethoaf for peeparirgy ag devi ce
so that the nmask and a second si de_ of the,e? e area of the initial sanple
face the PRBEIGaYPeRipvided. The raelbgddndY W& fers fromthe first side.

~qhe first and seconReseifn, 65 AAnRRANSH sk EhdCdn intfal SdRpISY . O

Al i gni ng, by the nanipulat™ér; the e Initial sanple so that the
mask masks a nasKkedPpsitibhimg, bf theneanigalatordheimadkeandithe ilitial sampled sanpl e

e e g R GRS A PR A0y B o798 3568 Ao g FaBEE 31 e
mask and the partiahh¥dgeldred of aiinftidt$ahipte FABRAhBIMAGIHgCEevice.

c. Aligning, by the manipulator, the mask and the initial sample so
that the mask masks a masked portion of the edge area of the
initial sample while maintaining an exposed portion of the edge
area of the initial sample unmasked. The aligning may include
obtaining images of the mask and the initial sample by the
imaging device.

d. Positioning, by the manipulator, the mask and the initial sample
in front of an ion miller so that the mask and the first side of the
edge area of the initial sample face the ion miller while
unchanging a spatial relationship between the mask and the
initial sample.

e. Milling, by the ion miller, the exposed portion of the edge area of
the initial sample while masking the masked portion by the
mask, to provide a partially milled sample.

f. Positioning, by the manipulator, the mask and the initial sample
in front of the imaging device so that the mask and a second

side of the edge area of the initial sample face the imaging



h. Positioning, by the manipulator, the mask and the partially mlled
sanple in front of the ion mller so that the nask and the second side of
the edge area of the partially mlled sanple face the ion mller, while
unchangi ng a spatial relationship between the mask and the partially mlled
sanple. i. MIling, by the ion mller, sthe exposed portion of the edge area
of the partially mlled sanple while masking the masked portion by the
mask, to provide a i1 EQni t grgk and
the initial sanple g%v'kggﬁﬁéggb&d E%%ﬁgﬁei ﬁ?ﬂpng"f f‘%%%eqihgt@ﬁ ng t he mask
and the initial sanpéeorysitibe canbemppaisie sm[éﬂ)dﬂihe'éldgerérédaj ng of the
exposed portion of e edge ea of the partia S | e may i nclude
monitoring a thi &(néggn'ﬁg P%@“%Hbaé"%‘t”é@r& et'ﬁ'éskl @es'aﬁ'ﬁiiggmﬁlﬁﬁ g the

mlling, by a transs9hyonss RERE aoﬁ'tatsﬂéd'd%rﬂ%f@%/bege dr88Rlndhe

met hod may i nclude changing a spatial relationship betweén the mask and the
partially milled bapedlaﬂm niied lsaeale fvduigbanalintaining aatéxposedtrortien adur i ng
the mlling of the earea of par |1 y..m || ed sanp u t he mask
can be noved to exp eggﬁr%r\?aoﬁgqﬁ r%ﬁ%@’ Pi'&?%r?aé?p'?h‘é rpgglkecﬂ del n order
to renmove the previ gligiig 'falcifclueig Bbtaiifgt RIGRRY of the haek eslge theea to a
required thickness. [0013] The net hod may |ncI ude changing a spati al

rel ati onshi p bet weeRaftiady miled samplenky fg imaging daviced based on t hi ckness
f eedback I nf or maty Opogﬁbﬁfn@egy%é r{n&ﬂafgr h'erquagl‘; aha‘?hé’%'éhiﬁglrxldgbl | ed

sanpl e. Thus- the can nove pr evi ousl regi on of
the mask area in orgamplein fﬁorft&ifﬂh@:dmmllmesu ’m'asthe mskmhdrtbgls@noadd

'élhe_reby t[n n ]the _edgiﬁlﬁar te)t‘geto a qgl'e oofrtﬁ%ﬁerr'p% ne 001@lefachthg B |ng
evice optical axis R5l9%s a
mani pul ator ey ot gyt @%ﬁlé?%gqg?%eﬂié’ﬂa‘i 'rﬁbgéﬁémd)%egyuﬁieﬂ@ama@ﬁgrees 50

t hat theyfacethelonm may in
Posi tioni ng, by thean@lﬁnq)pamadjy mlliédasample and the initial sanple so that

h k d the.f d f. |
o toran opt i aMling e igh TEE e 2k &d pbfionlithe HagR ARaRy ™! pe

neni pul ator, the magle gadaly milled &ampesméméknrﬁgmnfafskéa powbrfrbyl er so
that the mask and the first side of fhe edge area of the initial sanple are

normal to an opti catheaxpsk.dp Rfﬁ‘éldﬁcﬁwmmeldli"‘@mp@ Positioning, by the

mani pul at @bﬂ%‘?ﬁe;ﬂ%}kt cﬁﬂg%tolﬁ?hé %é ?atﬁﬁl lﬁltfg? sgﬁﬁ)né |r9ffrotnt9%f tﬂ@%ﬂg devi ce

so that t econd SI the'inrtral sanple

are nor mamilteo raay mntudeaﬂotatmsthefmaﬁeanm nrg,tlaisxahqﬂe banite charfiedatoroni ng, by
the manip artlalgg%mlled a le in front of the
S

ion mill ewogaﬁh%tmt 'H&a Eﬁéﬁg %a%ﬂ)%gﬁ Rstien ih@eeegetaﬂ gaRfgtheapadialy the
partial l ymifidd e8mpRPh&y HSudOMEHitaPiRG! & ahickkess & thB%ddy add lofthe

milled sample, during the milling, by a transmissive detector of the imaging
device.

[0012] The method may include changing a spatial relationship between the
mask and the partially milled based on thickness feedback information
obtained during the milling of the edge area of the partially milled sample.
Thus- the mask can be moved to expose a previously masked region of the
mask area in order to remove the previously masked region and thereby thin
the edge area to a required thickness.

[0013] The method may include changing a spatial relationship between the
mask and the partially milled based on thickness feedback information
obtained after the milling of the partially milled sample. Thus- the mask can be

moved to expose a previously masked region of the mask area in order to



[ 0016] The edge area of the initial sanple may have a thickness of at | east
one mcros and wherein thickness of the edge area of the mlled sanpl e does
not exceed 50 nanoneters. [0017] The mlling may include mlling the sanple
while rotating a mlling beam about the optical axis of the ion mller.
[0018] The method nmay include renoving,g by ion mlling, the exposed portion
of the edge area of the partially mlled sanple. [0019] The nethod may

I ncl ude Stegﬁg\()%%&é [bﬁ?@gkgg%ggkﬁ?@%@ﬂ%ﬂﬁ&e@ thl?\etr%aéh ldréan :éegd

sanpl e bal ge area o artl Iy m
sanple. fdueddhickhessret hod may i ncl ude nonitoring the t hi ckness of the

edge area o the partially mlled sa_ |l e by a trapsm ssjve deiec{]or of the
i magi ng diB@14¢ The dmagingraevise ORdeal M %%lé‘%'@ﬁgg} ?r‘@'”ﬁ‘gctﬁp gRYCHut put t ed
by a ”anﬁ%sm%gﬁtp%ﬁéter nfy kflstel ROk & iRtid s%rﬁﬁiéf

rel ati onship between current “val ues and thi ckness val ues. 0?2] The et hod
may i ncl udegreas deathiat thayifage they ianhailleani puI ator, the nmask and the mlled

sanmple in_fr of the imagin evi ce so that the mask and the first side
of an edg@oa?%iihﬁfn‘?tHerW? e le face the inmmging device. b. Aligning,

by the manipul at ¢f , PbBRIoRRRK b@rtﬁetrﬁémﬁ”uldt&dtﬁélmﬁ( a5d thiniidieamsls masks a

masked portion of the edge aréa of the mlled sanple while naintaining an
exposed portion of shdhaldhe mpskapd thﬁé‘“ﬁﬁﬂ'@%@%@ﬁ‘rﬁﬁ%lﬁﬁ%@ﬁé‘&? injtizd

al i gning may incl “dS%&nggé;{ét H&ﬂ%g?%ﬁyo%tlﬁéh%|%§h}eaiwaénl;? Bicked sanpl e by

t he i magi ng devi ce. i oni e nmani at or mask and the
m |l ed sanple in@4.rPokitiohing®yi tae mahipalatsn thélarBasmandrﬂséuramw gamepléi r st

side of the edge area of the mlled sa Ie face the jon .' | er; ile
unchangi ng a spati ain frenkef am pillssispelbRt thee %&q{l?é s{de; @‘gﬂgarrpl e.

d. Mlling, by the bggsﬁréé%f théhﬁltlE gé’ﬁtgge BR hbﬁﬂapfo éﬁ%ﬁggﬁaﬁé‘?ﬁ of the

mlled sanple while n he nas rtion by the mask, to provide a
further mlled sanpthe |0h0ﬁiﬂ@l The obt ai ning of inmages can be execut ed by an

 conbi nat i on of GnPSBLPEAY: A EdNaHBUEeE R Rt o R s Epe.
[0024] The method mayfrbREbE bR m%@ihgrdew&;eas@rtmrmés'naéktam el ddcaadof t he
initial sanple by a backscatter ectron detector; and nonitoring a

conpl etion of a m | bidegobtthe resigsaataaniof ythei injtiedl seamrie cangy nampalates Assi ve

detector. optical axis of the imaging device. and

d. Positioning, by the manipulator, the mask and the partially milled
sample in front of the ion miller so that the mask and the second
side of the edge area of the partially milled sample are normal
optical axis of the ion miller.

[0016] The edge area of the initial sample may have a thickness of at least
one micros and wherein thickness of the edge area of the milled sample does
not exceed 50 nanometers.

[0017] The milling may include milling the sample while rotating a milling beam
about the optical axis of the ion miller.

[0018] The method may include removing, by ion milling, the exposed portion
of the edge area of the partially milled sample.

[0019] The method may include stopping the milling of the edge area of the
partially milled sample based on a thickness of the edge area of the partially

milled sample.



6 [0025] The method may include automatically stopping the mlling of the
partially mlled sanple when reaching a desired thickness of the edge area
of the partially mlled sanple. [0026] According to an enbodi ment of the
invention a sanple preparation systemis provided and may i nclude a
mani pul ator, an imaging device; and ansion mller. a. The nmanipul ator may
be arranged to: 1. Receive a mask and an initial sanple. 2. Position the

and a 11 rio020) Bhé R8T idhudé BbvRunBinbRAAGhe LIRS 860 e of 07 e
devi ce. 3theRsurtialpy Milled ddmple B & ganemissife détectordk teminading ideiviceal sanpl e
so that the mask nmasks a nasked portion of the edge area, of tcge initial

sanpl e whiO021hEhet seihed ERYexpeltda §8MPAGIRIoR tHETRYgOURHEEIEDPY HR i niti al
| " . 5=9 PO : : _
sanpi e uhﬁ?ﬁéﬁﬁ%mv};ﬁ?&f@%ﬁéﬁ@f%@ nﬁ?@[’ib%@@{:@std 2} ?gﬁ?éﬁygﬂgg%orﬁglﬁﬁess as

it positions e the Ini sanple at r Itrons. The
al i gnment bemweeascurreny valuesherd théckmess valueacqui siti on of i mages of the mask

and the ipiti sanple, a processing of the inmages and an provision of

comands @P&@fﬂf%ﬂ@ﬁ?‘émzwﬁ@%a control ler, manually or automatically)

to the manipul at ¢f . pdsitibRimigt bgﬁhé@%mmbtcﬁtnﬂmetmgsk@nwtﬁb rhillgBlsaniglef ront  of
an

an ion mller so that the mask d the first side of the edge area of the
initial sanple faceinfrentigrthaiimaging dgvice sartbatihg mgsl aggdhedirstrsidat i onshi p

bet ween the mask and, t he .initj al . The iop _m > . pe arranged
to mll the exposedOfp%'il FF% 35?59B§'%g@g|§das%£%°l§$a¢%Q‘el%%q?ésp @%1 e while
maski ng the nHSkQﬁ_AWg?ﬁihg,”b@&hé Reanimuitor t thepnhask daddheatitledlshiphe kbed
sanple. c¢c. The manipulator i1s further arranged to: 7 1. Positiagn the mask

and the initial saniigéthe madnhmasks eneaskaginogtionof e sdoeraieataidhfask and
et oor uherr ! oIS AR RNl Spllhg 3, SRER a8 o BB 1
area of the milled sample unmasked. The aligning may include
obtaining images of the mask and the milled sample by the
imaging device.

c. Positioning, by the manipulator, the mask and the milled sample
in front of the ion miller so that the mask and the first side of the
edge area of the milled sample face the ion miller; while
unchanging a spatial relationship between the mask and the
milled sample.

d. Milling, by the ion miller, the exposed portion of the edge area of
the milled sample while masking the masked portion by the
mask, to provide a further milled sample.

[0023] The obtaining of images can be executed by an imaging device that is
an optical device, a scanning electron microscope or a combination of an
optical device and a scanning electron microscope.

[0024] The method may include monitoring a progress of the milling of the
initial sample by a backscattered electron detector; and monitoring a
completion of a milling of the partially milled sample by a transmissive
detector.



2. Participate in an alignnment of the mask and the partially mlled sanple
so that the mask masks a masked portion of the edge area of the partially
mlled sanpl e whil e naintaining an exposed portion of the edge area of the
partially mlled sanple unmasked. The mani pul ator participates in the

al ignment process as it positions the mpask and the partially mlled sanple
at required positions. The alignnent process may further require an

Cait : . . Cially _
or acessi nigoan) ThE TmEL il HEREeCHRehificaf Sbbialta FRIAGTRE fne?,
from a coparially efilledreatiplé when reathingta dasiteg tHickridss ofethe malgetarea df.

Position the mask and the partially mlled sanple in front of the ion
mller sothenpartiphemitesksaiRBlet he second side of the edge area of the

partial | yiqn f ¥ el dgrs i Hﬁi@i tial

rel ati onshqagleh)ggagrgn ﬁ% ﬁnﬁ%@ggﬁddht%ﬁggpf)atbt@l lglvwlénflargg sérrp‘jl?gparo?t%'lﬁ'he ion
m | | er mayydientf isrgroeided ot redy timcludé la mbripalgios @d ip@gingdevter #rd gdge ar ea
of the partially mlled sanple while masking the masked portion by the
mask, to Wi"&\é a mlled sanple. e. The imaging device may be arranged to:

1. Obtain imges pf ThAgnaMpkiafdinh el ditdrigdld t8anpl e during the alignment of
anple. 2. i

the mask and the initial s ohtain i mages of the mask and the

partially nilled sanple Recelvg a masklangrareinitizbSande.mask and the partially

illed l e. [0027] ~The i pagi i e ' '
;ncanﬁi nzaglpegt rE)n m I:rzosE(?!ﬁg'%glr&% g@%?%&@ﬁ%qﬁﬁgpggmd'ggh[%@E?P?Hg system
mani pul ator may be arranm&bih? d@lies ot thait s kmaskl anbeai first sigle shapl e untii |

the mask and the initial sanple face the ion m'gler. %202,9 The i magi ng
system may include a traReae 8¢ ef e iptigbsampla faggfnedmagingif¥ra: o provi de

det ection signals indigapl,ye:ofi-aithic f efhdPHd iiiaiof the
edge area of the parti%l H?Yt?nc‘l" tgdmsgnp#l ) deﬁr?ti (r)]glﬂge ﬁ‘lﬁ?ﬁng o?{thelexposed
portion of the edge areasafmpldeophat thel inaskirhagd aanpsked podda] ofTthe

mani pul ator may be arranged to changge a.spatial relationship .between the
mask and the partially ngﬁgﬁdaf?gs ﬁ\‘? t"Hﬁ%kﬁ@g@k? e@a'?fac,fpaﬁnﬁ"?'aﬂnﬁa?f’on

obt ai ned during a millingyesddPorsiste chrtaa &igd hremastt indl InttiaT ddraglesanpl e.
[0031] The system may include wherein the mani pul ator may be arranged to
change a spatial rel ationsfiasked: heermampulaterkpaitigicetes isathe alignment| | ed

based on thickness feedback inforpati i il 1 of, t he
partially mlled sanple. f‘%ﬁ?‘?ﬁ]a%@qsﬁ@ggﬁbgdﬁg%cgﬁégﬁ?@?ﬂ'ﬂéla%r{sw'ﬁn)} be
normal to a milling tool replifeeiRlpositions. dme whgmraent tphecesaninmy ddthermay be

arranged to rotate the nmask and the initial sanple until the mask and the
initial sanple face the FefHiig [@neacquisition of images of the mask and the

initial sample, a processing of the images and an
provision of commands (from an operator, from a
controller, manually or automatically) to the manipulator.

4. Position the mask and the initial sample in front of an ion
miller so that the mask and the first side of the edge area
of the initial sample face the ion miller; while unchanging
a spatial relationship between the mask and the initial
sample.

b. The ion miller may be arranged to mill the exposed portion of the
edge area of the initial sample while masking the masked portion
by the mask, to provide a partially milled sample.

c. The manipulator is further arranged to:



[ 0033] The mani pul ator may be arranged to: a. Position the mask and the
initial sanple so that the mask and the first side of the edge area of the
initial sanple are normal to an optical axis of the inmaging device. b.
Position the mask and the initial sanple in front of an ion mller so that
the mask and the first side of the edgey area of the initial sanple are
normal to an optical axis of the ion mller. c¢c. Position the mask and the
initial sanple in front e i i Wee t t he
second side of the edgé g%%'ggﬁfﬁ%algﬁi |a:tr?e§ér?rg?le£€rbgfe2@r @ﬁ{(toﬁqg% opti cal
axi s of the imaging deviineagidg deoietscoihat tiee nask aadca sbeomsideadflthen | | ed
sanple in front of the ion mller so that the ?k apd the second side of
the edge area of the par €998 Aje#iqf|tbg '%ﬁﬁbﬁ%mgig:qﬁ?r PN ACVER s of the
ion miler. 9 [0034] Thehgfge 1ié §@c&{va]§i38_diﬂfér5'f@mﬁ?@ﬁﬂs‘?smy have a

t hi ckness of at | east one mcros and erein the systemnay be arranged to
mll the edge area of 2 hPartidipate isarphbignment ohthehmaskearyd e ppdiadiige ar ea

of the mlled sanple does.pot exceed 50 nanonmeters. ,[ 003 el mller
may be arranged to nill ml.'ﬁdles?VBP fﬂgh%t_ ©IARY "P)aesa\{% %Hg%ikgt%h%&g'g?i cal
axis of the ion mller. (PGRE]eddie drea o therparmalybenined aggaglet whilgenove t he
exposed portion of the edge area of the partially mlled sanple. }]0037] The

system may i ncl ude a contaitpiing [gat expgsesepaitionrfetie: edge @sea afithei ng of

the edge area of the parij 1L ed e n hin%ﬂ f the

edge area of the parti al %ﬁi’lﬁl% %l‘ﬁnﬁ?@w{ Oﬂggﬁggﬁg s@g em na él?tnogl ude a

transm ssive detector thpartichates imthargligdnient ggoceds as it positionsrtheg of a

t hi ckness of the edge area of the partially ml lr&g sarrgl e. The ,E,ransm’ ssive
fligd RAnaRle & e

detector assists in the FSSKE g RAFIBNOY 4 BeRli S hat are
i ndicative of the thi cknqrﬁ;écﬁhn%t%%§Lﬁgyggﬁﬁ%§e§@@;n adth@sfighection

signal s represent known t esses ocessed to detect the
actual thickness of the efigpagesaf tie0B®k amk they pagiallyayilleddamnikleaa

controller that nay be arranged t onpare a current .outputted by the
transm ssive detector of pEQ?&%FWﬁg‘?Ofntée 9 Q'}?}lﬁnpﬂig}ﬁ'éﬂnn%%cqrgpﬁ'%nshi p

bet ween current val ues aﬁﬁbrﬁhié}kngﬁ&a‘y&{ ugdm [ 8048htroher, s ysarualiyaypri ncl ude
a backscattered el ectron detector arranged to participate in a nonitoring

of a progress of a nilliaytosnatioady) teithednarigmate®: and a transmi ssive
e o g bt 0, o POSR B P34 ob @ MRS ShmBicFoA on o
of the ion miller so that the mask and the second side of
the edge area of the partially milled sample face the ion
miller, while unchanging a spatial relationship between
the mask and the partially milled sample.

d. The ion miller may be further adapted to mill the exposed portion
of the edge area of the partially milled sample while masking the
masked portion by the mask, to provide a milled sample.

e. The imaging device may be arranged to:

1. Obtain images of the mask and the initial sample during
the alignment of the mask and the initial sample.

2. Obtain images of the mask and the partially milled sample
during the alignment of the mask and the partially milled
sample.

[0027] The imaging device may be an optical device, a scanning electron

microscope or a combination thereof.



[0041] The system may include a controller that nmay be arranged to
automatically stop a mlling of the partially mlled sanple when reaching a
desired thickness of the edge area of the partially mlled sanple. [0042]
The ion mller my be further arranged to mll the exposed portion of the
edge area of the mlled sanple while thge masked portion is being masked by
the mask, to provide a further mlled sanple. [0043] The mani pul ator may be

further a tQ:; . [ 1] L | in
front of - (GR2% Hisi gtertnBue B E0, he SrEEREa g Tolle e rhagk BRARNE " g
area of t hgtidrisehfifle satithe rhasieandiehd imitil sgnide fame. thb ioPariliérci pate in an
alignnment of the mask and the mlled sanple so.that t%%na k . masks the
masked pofd028h The imagingygystaremaysinclhidens (tangmissiys de t?reﬁ%in?ﬁ‘yaf’ﬁi ng an
exposed pQrti e A A edPosi tion
The mask. BB B g R e R & e e e rmok
and t he f posionsofiiheoddgeneremdgbther partiafly nikedrishimpde, sdutisigea fraitliagt ¢fetheon

il ler; whil h [ tial | at i hi B, bet th k dth
M1 ed saRPsepolpn aides pROF arca e hecbaaly WIS AR Further details,
aspects ambys‘ﬂﬁﬁgi FRIMsUISYor T8y | BY &lffdriedtd |chfgees cspeirg. relitionslyipof

exanple o wth reference to the drawi ngs. In the draw ngs, |ike
r ef er encebatwass sharmaskeand dhe deartinfly millke basqdfit itiskngss deedhack

I ts. . El ts ipn.the fi. . ¢l | Eoi by and
ol ari ty” AT gbBRE LY Tyhd o reddd Sfed BF i PR Hi”,

il lustrategmpl@rior art initial sanple; [0046] Figure 2 illustrates a
portion of a systemduring an alignment stage accordi n%, to an G%BOdi ment of

the i nv_ean_Qﬁrﬁ heowsternirgay dndude Whereia: B¢ RapHUIIeh MY BE FAWRIIGr i ng a
Lot " b ffed BB SR BohdanuRad Bl neoakbay et [ 0000
accor di ngohothicknessboféiedbatk dhformationvebtained, after a milling of the partially

milled sample.

[0032] The imaging device optical axis may be normal to a milling tool optical

axis; and wherein the manipulator may be arranged to rotate the mask and the

initial sample until the mask and the initial sample face the ion miller.

[0033] The manipulator may be arranged to:

a. Position the mask and the initial sample so that the mask and
the first side of the edge area of the initial sample are normal to
an optical axis of the imaging device.

b. Position the mask and the initial sample in front of an ion miller
so that the mask and the first side of the edge area of the initial
sample are normal to an optical axis of the ion miller.

c. Position the mask and the initial sample in front of the imaging
device so that the mask and the second side of the edge area of
the initial sample are normal to an optical axis of the imaging
device.

d. Position the mask and the partially milled sample in front of the
ion miller so that the mask and the second side of the edge area
of the partially milled sample are normal optical axis of the ion

miller.



[0049] Figure 5 illustrates a mlled sanmple according to an enbodi nent of
the invention; [0050] Figure 6 illustrates a mani pul ator according to an
enbodi ment of the invention; [0051] Figure 7 illustrates a sanple hol der,
an initial sanple and a portion of the manipul ator according to an

enbodi nent of the invention; 11 [0052]g Figure 8 illustrates a sanple

hol der according to an enbodi nent of the invention; [0053] Figure 10

illustrat st em accor dj t 0. ' f ' i.on:.J.0054
H gur oo 1EROAY IR 1qtlel SR 8L Bk Il R D BT Havia dPBSHT Bt b ikast o>
enbodi Menpn@mithts amy aiherdin;thé Qg@@}’n Magube at@nigetustmidttes ealgeiareardf! | er

according to an enbodi nent of the invention; [005% %ure 13A-13D
i | | ust r at theamilledozamplessih pitbisknesoPtineedas 9t SfufedniigdissEIIe dgest ne

i nventi on; ' Ll lustrates a nethod according to an enbodi nent
ool S8 4 gt g

of the inven Figure 15 illustrates a nethod according to an
enbodi menf0035] The ionweiiier onay Det airaregedi és anillpivhiten rotatingea dnibingnggam0059]

T o0 O ol Bt B o s s, g advant ages of the present
Lo B SREI RGNy B ShArSSRISTANGIIE s p e 0%
di f f er ent edg@ewasea of the partially milled sample.
[0037] The system may include a controller that may be arranged to stop a
milling of the edge area of the partially milled sample based on a thickness of
the edge area of the partially milled sample.
[0038] The system may include a transmissive detector that may be arranged
to assist in a monitoring of a thickness of the edge area of the partially milled
sample. The transmissive detector assists in the monitoring by providing
detection signals that are indicative of the thickness of the edge area of the
sample. The detection signals represent known thicknesses and thus can be
processed to detect the actual thickness of the edge area.
[0039] The system may include a controller that may be arranged to compare
a current outputted by the transmissive detector of the imaging device to a
predefined relationship between current values and thickness values.
[0040] The system may include a backscattered electron detector arranged to
participate in a monitoring of a progress of a milling of the initial sample; and a
transmissive detector that may be arranged to assist in a monitoring of a
completion of a milling of the partially milled sample.
[0041] The system may include a controller that may be arranged to
automatically stop a milling of the partially milled sample when reaching a
desired thickness of the edge area of the partially milled sample.
[0042] The ion miller may be further arranged to mill the exposed portion of
the edge area of the milled sample while the masked portion is being masked
by the mask, to provide a further milled sample.

[0043] The manipulator may be further arranged to:



[ 0060] Because the illustrated enbodi nents of the present invention may for
the nost part, be inplenented using el ectronic conponents and circuits
known to those skilled in the art, details will not be explained in any
greater extent than that considered necessary for the understandi ng and
appreci ation of the underlying conceptgyof the present invention and in
order not to obfuscate or distract fromthe teachings of the present

i nvention. [0061], The. 4 . i i It may
be. i nter preted a@bepRSaNS) BaeK F HERIEY Sairle IERLREEL IRARANG!

delinmted by an edggeviée sedpat theenask andthafirst side obanmdyel areteofttbet he edge
of the sanple or delimted by the edge. It may include a target. The edge

ge. .
area of the sanple gulledRanp rfﬁ@%l”lﬁ/'”i‘%n%_dlel"cﬁg to forma TEM sanple. The
thi ckness of 12 4 NeaRRALENTEn Abhfenfbf tHeaSRANAINEAYY SdmpRSHE! o1 S.
Its width and | ength ca exceea one or nore mcrons, but other di nensions
can be provided. Ththatduyenreaskanasks theunasked dodivneithegedyerareaafdoear shape

but this is not necessaril o and it. can have other sh 0
According to an errb%'f%ﬁ?%B% ‘f"ﬁ@e MAIRRINIEG 20§75 Roé—ﬁgr?%’\iit%eeg.ga#he

nmet hod may include: giea $faREMlIEANSaRipld BARIagkad. @ mask. The mask can be
manuf actured by m cro-cl eaving process to provide a highly accurate nmask.

b. Receiving or genBpaitipnghemask ancithesanifisidesamale indeord of ihe katedlernear its
edge) of few mcron ferri . t i L 1, the
t hi ckness of the in?? iﬂgéft tgérﬁﬁ%]%( %@d {tﬁr}egﬂﬁﬁ%c‘qyngfs@%o?éﬁé%&@r—tbhiqﬂ{rlllgg area
21(2). c. Providi ngséﬂnfldmfabeartblet hen i milléral whileplunchangingara pepatiadr .
Referring to the exanple set forth in figure ih th?cﬂﬁni Erl ator holds the
sanpl e hol der el enefflatianship balwean thg aek agd heAdliengamiler i al sanpl e by
using a mani pul ator and viewi ng the alignnment process by a scanning

el ectron m croscope, an optical mcroscope or a conbination thereof. The
al i gnnent _process can include nmoving one or nore out of the mask and the
initial sBriefdescEpgopef He dawing8es until a desired spatial relationship
is achi eved. For exanple- the alignment may include positioning the mask

and the i mo44qaFuRREPIRIAR, | dsgctey atide ePfictlimehtd f eehimiehtion anill bbe mask
unmasks only a portion of the initial sanple that should be renoved.

Ref er ri ngdescribgs!, iy wax ok gxameleopnty; guithe raferenge fdhe HaWEWSpdBitheoned so
that the e f 1 ral lel : ﬁg}ga he

X-axi s) aﬁ%qﬁ{]&éw ﬁlf&nrgsélgf]g%ts&rﬁl%%ﬂst genR%e aﬁe '%%&{fﬁgg%ré?tf&ﬁ%ne llgrea. The
sl i ght degindilar osiefriemits.t Bieneeratst inhiilef fighirashargrikudtratad efdr isimgbcitys aadout one
hal f of the expected wi dth of the TEM sanp| e. The TEM sanpl e nay have the
same dept Flagly S’P\‘&BY%DPW%W%&&%@WP& Q??Pl‘?y - the masking 13 el enent
of fi gureleob4%g{3§[a?ea,til,+§paqés Baﬂrfdé%![ Miti!’a?%%?%;before perform ng the

mlling. ng the nmask ‘and the initial sanple about an axis while
mai nt ai ni [QP46hEigaIré ghitiustrates ahportivheofnassysterd dwing an glignhentf slegean i on

mller. The ngsk and th inititalftﬁanrﬁ/l e.face the ion mller in the sense
t hat theya%l(l;Oer Wstlotqrbﬁ@ ofjﬁn?rﬁeof Bl 664'001 ew of the ion mller. They can

be nor nal [goa74 F%u@@@i iNastratsk 2 Pdrtibhfia0gystém! dlirinya firgymimgose g in
angles that differ fromninety degrees fromthe optical axis. If the ion
mller chaegmdingie an embiodipetpfidginveatioNnng the milling process the

oPL | oo PR ARE, A D" A AR SeRLSFeh 8, USROS,
of the di $¢quende aaddrding tarel &abodiment of the invention;
[0049] Figure 5 illustrates a milled sample according to an embodiment of the
invention;
[0050] Figure 6 illustrates a manipulator according to an embodiment of the
invention;
[0051] Figure 7 illustrates a sample holder, an initial sample and a portion of

the manipulator according to an embodiment of the invention;



f. Performng a first mlling sequence that includes mlling the exposed
portion of the edge area of the initial sanple by the ion mller, the ion
mller can m|l by a dual deflection technique while observing the mlling
by the scanning el ectron mcroscope. g. Changing the spatial relationship
between the mask and the partially m|jed sanple (by the manipulator) in
order to expose the other side of the edge area of the partially mlled

Sami o by Q0BPHGRRRE e P v BRI ok ng 10 i EPRpihet of e =

el ectron jmventisgope and the opti cal m cr oscope The mask is aligned to
expose the other side of the partl l()Cfd sanple to ion mI g and
[ 56

al i gnment [0R] Flggredtd dBiatRges 1 syal ngnie PRi e Odga%ﬁ 8 t he

mani pul at nlion:Performng a second m I | ing sequence that includes mlling
t he ot her Elnow exposed) portion of the edge area of the partially nilled
sanpl e by[005d] Figures 111év1 i illestodis gpartions tofiea systerm@cberding: te vaniouag

el ectron Sco ti.l reaching a desired thickness. 14 [0063] The
system caﬁ”&ogW’?'ﬁeOfgﬁ Y ’@BHU nuously and in a real tine node during the

entire m [dd%?F@u?@elislllﬁgﬁanYaﬁ'%ﬁ? ndillérubtobrainigorRhh Ceriddirint &f thbe
process accuracy, quality and termnation. [0064] Referring to figures 2-4

and 10, tmaesliet,em 10 may include: a. A manipul ator 100. The mani pul at or

gty cROEEPiGt LAT LT AR 1 FRCRRRbRONEE AU bl -

i ncl ude, g@iboeirasmsaf tlae imendohi ve Iens 30, BSE detector 32, SE detector
34, TEM detector 33 as well as an el ectron source, electron o tIC and

ot her conWﬂnF@uf%aH stiades i inetbadi ﬁCC&r%ES'I i AR digentn ot ithe i | | er
40. d. A ?glllléﬂd(denoted 99 in figure 10) that controls the different
corrponents of the system [0065] The system 10 may al so i nclude a vacuum
system 90[00&58\}'Etgwmn Thaidstrated ,a opethod| acdardingctipp@ndemimdiment lof gheon
system 94 ﬁe 96, air-lock 1300 and a base plate 98. The ion beamunit 40
may i ncl u ?-ous conponents (some are illustrated in figures 10 and 12)
such as a Xe supply unit 42 and an ion gun 44. [0066] The system 10 nmay

i or o cl cBtHIFd YopeBalan of theGMAWIEBE LY at e mask. | f the systom gener at es

the mask 50 then it includes a mcro-cleaving unit (not shown).
[0059] The foregoing and other objects, features, and advantages of the
present invention will become more apparent from the following detailed
description when taken in conjunction with the accompanying drawings. In the
drawings, similar reference characters denote similar elements throughout the
different views.
[0060] Because the illustrated embodiments of the present invention may for
the most part, be implemented using electronic components and circuits
known to those skilled in the art, details will not be explained in any greater
extent than that considered necessary for the understanding and appreciation
of the underlying concepts of the present invention and in order not to
obfuscate or distract from the teachings of the present invention.
[0061] The term edge area may have its regular meaning. It may be
interpreted as being an area that is proximate to an edge or may be delimited
by an edge. An edge area of a sample can be proximate to the edge of the
sample or delimited by the edge. It may include a target. The edge area of the
sample can be thinned by ion milling to form a TEM sample. The thickness of



[0067] Figure 6 illustrates a mani pulator 100 and a part of a feeding rod
1305 of an air-lock 1300. [0068] The manipul ator 100 includes two separate
subunits 110 and 120 both located on a main rotating stage 130. [0069] The
second subunit 120 may nmani pul ate the sanple and the mask and nmay have X,
Y, Z and e stages. In figure 6 these s{mages are denoted as follows: X-stage
100(1), Y-stage 100(2), Z-stage 100(3) and e stage 100(5). [0070] The first

subunit 1 i Rl . = b g i

rel ati ons#%péﬁ% age%n%ﬂﬁghﬁgég%gﬁ%&g'o%%ln%ﬂ X or éggmﬁghsﬁia ‘éﬁgﬂgmvi ng
the mask tdn egtédd one top nadre mivren® riutiothendineedidns ¢cdrebs erovidedublimi t 120.
It is noted that each of the nmask and sanple c subunits -

) n be noved 2.
each can @9 38ar & dHYLRted ndRVRRE &N arSﬁE?BesPléb %’Ssl?cﬁoés
rotatin : The, f 4 W't 110 may have X, Y, Z and O
st agels. gl ﬁ\é%%t%ﬁég%ooné'q%ﬁ Johngﬁﬁle sthek s | %S ar

ures 6 and 9 these stages are denoted as
fol l ows: ROSRAJecdradglib)an ¥mbodieeritafiths inuemfion 2 methnd isquevpedahde 0 st age
100( 8) . [Ooezraq]The.s cgn.d subunit 120 nmay mani pul ates the nmask and may al so
mani pul at & HEYJRFHEF accessories such as mask, calibrating plate,

apertures, targety f GendRARY dr r@BeRiry a MALK3IThéNRask tah beuhunifactkéd may
receive the sanple or technol ogi cal accessories froma sanple holder (also

referred to as shutby gigm3gleaving pseerss te progda@/higblyiacensatermask.until it is

positioned on the s e. angul e . 7 T t AGSG s e

connect ed bet wee 's%gg%'t'&' agpg%ﬁé&gﬁg %ﬁgﬁglgpss%ﬁhﬁéeﬁatbi%n%, ral Ieg,g

gui del i nes and the {[ridee itd tiRjed df 164 (digrons 1R&(erjing kO &b ex&mngler setorth

illustrates in greater details the initjal _sam?IeZ that js held hy

shuttle 103, naskedNo§9ugsk tB@.thPf‘@%%obthﬁ wyIgl SPIWYS & &e g"‘?‘%‘?@ﬁ perture

mask 111 positioned i Webiadosanpl e 21. The ion beam shoul d pass
h R d A A F o e v

t hrough the apertur aperture mask 111. The fixed aperture
mask 111 prevent <. cBrdvidiag athed amaske andsthiet initiplf samptendoi anmanipulater. 1t is

fixed inrelationt he initial samle 21. Figure 7 algo sho el enment

333 that nay suppor?eh{ﬂng :}Pttihﬁl e’éaéﬁglpeseﬁlfqmeﬁ’ f'%‘érei rfluli ealrnasrﬁﬁxﬂs Mor ovi ded

from (or to) the | ogkldsRE safriphe!h6Idér eldmigitrag.es the el ement 333 after the
d pl

initial sanple 21 is taken and placed on shuttle 103. [0076] Figure 8

illustrates a shuttAligniog thaanasmanddes initipl samplerperaingnr saniewiatarai | s
031,300 L3z The " b e afbA et BRsednCSSRae SEang' kBN, %3
illustrates variouspfidroscops,an eptortntisrossopebl aadnmination tieoeofeipenes 131.
16 alignment process can include moving one or more out of the

mask and the initial sample along one or more axes until a

desired spatial relationship is achieved. For example- the

alignment may include positioning the mask and the initial

sample until they are parallel to each other and the mask

unmasks only a portion of the initial sample that should be

removed. Referring to the initial sample of figure 1, the mask can

be positioned so that the edge area of the mask will be parallel

to edge 25 (along the X-axis) and it will mask just more than a

half of the pre-thinned area. The slight deviation from the exact

half of the pre-thinned image is about one half of the expected

width of the TEM sample. The TEM sample may have the same

depth as the pre-thinned area. Alternatively - the masking



[0077] Referring to figure 2, the scanning el ectron m croscope, using
detector 32 and/or detector 34 is used to nonitor an alignnent process
between the initial sanple 21 and the mask 50. [0078] The alignnment process
may include aligning the mask 50 and the initial sanple 21 so that (a) they
are parallel to each other (both can bgyhorizontal) or be positioned on any
oLher manner, and (b) thehedge area of theqma;k 50 ||s g‘(isiti oneg c;c:ig'rectly
above an i magi nary - rgs N =Te[ol e
initial sanple 21 a '[egrferﬁe?ﬁngbgnr% ﬁeggﬂéﬁ"r?r?gq%ﬁeg%ﬁ'aﬁh I'1 ng ?ecB]ufence. Thi s
i magi nary line can perfoosiagade heilinganonmeters froma center of the mlled
end of the al i gifenRORBEEYS MRRE BNarACE! e S28PIE ARRAH P S BlRor y of
t he edge 53 of the 2% Mattthe hask iapd samplanddieand the
center 22 of the in@@?%ﬂ?%%gﬁﬁ?gew nano- meters. It is abcr)]ﬁrgl a hal f
of the final thickn&xe af iarhenilerl Tee masklagd theonitp! sampld fapentbetiopr ocess
is aimed to guarantee, that, once the sk is placed.h an . iller
and the initial sanﬁ]"&erﬂ,th?tse(’%éh%wgﬁyWlpﬁsﬁpg%rﬁ[ﬁw&ggpﬁf \hg\pléeﬂ from
mlling a pre-defingg FRskfkrPPhéy @ande hBAmalntot thal otrap aRisvwee the i8h! owi ng
the ion mller to mll a pre-defined exposed portion of the initial sanple.
[0080] Once the ali grllasnbupmarrde @figatacthdn neralesdhahdliffere fiom thivgtysanpl e
21 are noved (for e | e z rotafed).: Lo .0 - by the
mai n rotating st ageéég%egngogbgﬁ% %gnt'cgliha?'{'f g%gxgbnrg?ﬁlllggt?ﬁéﬁ 5?%12&?( axi s),
whi Ite Irmti nt ai ni g% thlarr:ﬂn@ﬁddrab$ ) auiimg\saﬂmte mibm?vq?@neSthmm'cs?aﬂemft he
initial sanple unchanged, e novenen rotation) can st.obped once
the mask 50 and t hethenian m'"%faﬁﬁ'né)ezﬂgga%%(t?ﬁéeiaoﬁ"%ﬁ“PPe?fb&G. d%g%'l] The
ion mller 40 perfo i I |y hat dFRYbe Bd Heeragk! | 1 ng

t he exposed porti onhﬂ@n?ﬁg‘gja gggérégg%lé’fﬂg%ﬁai al sanple 21 byagbdual

defl ecti on whil e obstthe diffetdnd nmilihgiangldsy t he scanni ng el ectron m croscope
(using detector 3 nd/or.detectqr 34). The milljng may further thin the
pre-thinned area fg2)f ?’F#QFW‘H\Q iaaﬁ"%a%'i'ég _Zs.Leodjr‘?nSﬁehqud'Qc ges, B{ﬁﬁﬁ% themi 1| ed
flgure 4 17 The T e et i b n T haoCN bl ane. but "
i gure : e ion beam can be deflected within e X-Y plane, bu
this i s not necessamilsr, the ignoodiey cantreill kyng dyabdefigctiondeshniguawhilgnpl e i s

mlled (to provide i 1 ; i r 100 changes
the spatial relati oﬁgﬁé}ﬁ’ﬂ'@eﬁ\ﬁ&hﬁﬁgﬂé@%&ﬁ‘}“ﬁﬁkpﬁ@gﬁ?ﬁ%ﬁ’g mlled

sanpl e 21' in ordgr Changkirpsite tdpatial helatisnsitdp detivieenethge neaskaand thee
partially mlled sanple 21' to the jon m/ller 40. Ttsis may include rotating
the partially mill e8agiaiy railled samplg: (My; heamaniquiatoy Byof% loaease
rotational stage 10 i i i f the
mask 50. [0083] Acc%%%%hgﬁdﬁyéﬁ%gpﬁerﬁlﬁgggtﬁ%?élgfrlla\n/ n@?%ﬁrﬁrﬁﬁ%hﬁnge of
spatial rel ationshi the mnauiler.ol | ed during an alignnment process during which

the i i t i i th k d,th tiall il ed
capl 6 Lo gusy antibe Aiftin; e BESkrar tid BNy Tlegiimmedy HrbMegnmont
may be preceded by m)éﬁiwa{dcroran%ix%@lbgst el Bf tHatscaRfihgaeibdtion

partially mlled sanple until they ace the inmagi nig system performng the
al i gnment and then miciosgope @ndetigngivtical njeroscapg. 1he Masikisaalignedeto

partially mlled sa Wl -fa I i . 4 e t he
spatial rel ationshi g%%écHL%%%‘%?%{C{%&%%rb%'—‘@&rrgw&h%rn?%ggg '%1” fse\]cellgo 'd
m|ling sequence thahdi aiRjnugest mial| inbideh@ooingethe( nraskexpdysedde poitibli on of
the edge area of the partially mlled sanple 21' while observing the
nmlling by the scanSRRplRP¥R? BIvNRWARECOope and (optionally - when the
partially mlled ssampl S e i t.Q: rons) by
a TEM or STEM det'éc{ﬁé{% é@ﬁﬁj%tsl &rnga@ﬁ?ﬁ Sghlc%géér ggbﬁﬂ ﬁl{:@E%gs@."m?ﬁg{em ' 1ing
process can be aut owttierc@ovy expoped)d puttiom dhéhel Elgeearsat of tBS pantiltyat es

that the thickness of. the mlled, sanple.reached the desjred thicknpess.
[0085] The system 1@1'[1,%{&3?'5@#%5}5%3{'{8}@&" 'g %ﬁ?r&'@ggb?&'!“ng%p et ect or
or a conbi nation thgggRhingdiddtRth infdrbs@dpd @MilTehEning atdediedthRRHESET | NG
rate, the viewing of the Sanple can be acconplished by the retractabl e BSE

detector 32 that is illustrated in figure 2 as being |ocated beneath the
pol e pi eces of the objective lens 30. 18



[ 0086] To obtain high-resolution inmages at internedi ate stages of ion
mlling when the sanple is yet not transparent for incident primry

el ectrons, a conbination of SE detector 34 and BSE detector 32 can be used.
[ 0087] To obtain high-resolution inmages at final stages of ion mlling when
the sanpl e becones transparent for priggpry electrons a transm ssive (TE)
detection is used. Atarget identification for the sanple alignnment process

can be cayyy t : at n : LRAat : ee
above: menqsrearacySBRah e i sHRRAE cBhRERErBR Ated] tirBTablECS o
the nill edusegrieeriie malingdpratets amdmady haveeafully emtarhatié contreludf ther rent s
froma transm ssive (TE) detector 33. Calibration curves of these out put
currents RECSES acrarasynpyality anelaeisatipn| be cal cul ated for the predefined
anal ytica Ik d if5ar [ i .of the sanple. An
exanpl e O‘O@&Eﬁ'egér@ﬂé&éﬂpg@sé Ssaﬁiﬁa}dggﬁlér?yfﬂegﬁ?gﬁ%}@ ese curves are an
addi ti onal out puta.oA mzaipldatec t1®0. ddteamanipwatont Khmayaincjudee miltiglee t he

mllin rocess. The thickness, map will. be provided along with the finished
TEM sa?rpf)e. [ 0089] ’ﬂ?é"%&a%f& El@mffn%xaﬂ‘élhs B'%g&ﬁ- Ever harthhor nl ey type
detector that ing ud@sirRagRgPi&AEE VUl a8 &CsdHnnidtedéctrdid microsco

e
photo-mul tiplier. The SE detector 34 can be nounted on the si devvaFI of the
syst em chanber. The(SEMiethe 86EM smyciaalugpefaitexample, aupbiestivertsds. 3Mbur i ng

ion mlling the SE r ' t i 35.
Figure 2 illustrat eg‘éﬁéét%ﬁtogétjegegég%g%é?hbaﬁl@ d}%&éééé?rg%é §§ ﬁ%géér ?éht si de
of the objective |egrcion Juircd,Mdisctten dbpticrane slken tomponentd A8 mage BSE
detector 32 can be a solid-state sem conductor detector, which can be

| ocat ed beneath t hebpdndugediead SEMcabinybSactive |ens 30 to allowits
retracting in order Al i gh resol ution observati on node when
extrenely short %rﬁl}]ﬁaﬁﬁiﬁ@%gﬁ;e is needed. The BSE detector 32 can operate
in a current nodel. AheorBffle8Zdedtedt3 ircfigutee 1) tat chontnols thendiffierdntng f or
observation of the sanple surfahie. %0091] The TE detector 33 may include
three independent p&PH" ONGRiSS F&y tPQEt_ri cally isol ated one from anot her.
A first pft)'dGS]Théf%{]srt@rﬂ_HQ Aaydalsbr ficiuefe! ahvaémﬁhd@}%ﬁ%é@ adQhegimr may be
a disk located on the m croscope principal axis 19 beneath the sanple. It

i s dedi cackamber 81 eplidabmicfoscope 97i ankaibsatien systens4t hageedP aAir-loek |

angles. T econd part i efer 0 joht field TE detector
33(2) rep?ggin %(Paa ﬁﬁ?& Biaﬁéi éﬁ ﬁ?hh%@%aﬁ z&qtorﬁi%gﬁ{dy?mﬁl%&e?é%(ﬁ&tﬁéctor. It
is dedi catesipbpenst ﬁ@tﬂe)are)fuutrratwnhtﬁgldeel1®can@r152)ss@:ahtay eKasuppi! |

angl es but bigger than for first bright field TE-detector. The third part -
referred HBit44 akan {ane@¥n 4 det ector 33(3) represents a ring coaxial wth
t he secon i A t%q,‘(e I-Sqidedi t i f
transm ttg)é%gp g‘@{;;&%&;&@%@? at?étree(%lgﬁélc\%g%ygI@%‘ggg'ng?éeliﬁgﬁ ?&Fﬁrgee of

t hese TE detnefdaiurguably smiao-dieaviny itd- grioaide aehighondiectiate daasict brthecan have
an atom c_nynber resqlutjon that_ equals to approximately 1 and.can work in
a current 5%8@. QBU?Fagﬁsitb‘ﬁ ’H?P'Fi%%?% '&E‘M%’c?om'%@"é%?}v'% LHFB?%% ed by a
protectivghshyyter Faraday cup located on its top on the m croscope
principal axis beneath the sanple 21. It can be dedicated to neasure

el ect ron 08FEFgure nillustrates demanipylatovil@6 anthe gpiet a deeding aed 306 t he
TE-detecto]; for t}%gw@ss measurenent of a treated sanple. [0092] It is
noted t ha? ?'ﬁé”ﬂa f detectors, their location, the types of detectors
and the noUBe] Thé rafhibblatdr €0T IhclRieRCin sépsrareblib@sitst NE0 &ngi 120 lesH shape)
can differ fromthe exanple illustrated above. [0093] Figures 11A-11C

i |1 ust rat ocatashn punaingetatng gagerlddng to vari ous embodi nent of the

i nvention ' j j - ' t 0, ' e 11B is
2"t op. vi olgOBeTYRE sEEeniuBbf 42D staf Mitlinbine SRS SHRR A HiPmabk A

mani pul at oraylB8venrX] Y| guaedld Btagesa Inhhiigaeedd rhase eiadess iaesv denotddk as

The an; piAIBS: Xcotraenddabey Fiasss BUEL stase indle) 318 elstesa 268 h I oca ec
on a mai NooFoRrhadirst m&@@g_%g?ll nArApiIBE HA88mBRO- itSmagRdamgedhey and

power ed by engines 130(1) - .
spatial relationship between the mask and the sample — for example by



[ 0095] The second subunit 120 may nani pul ate the sanple and the mask and
may have X, Y, Z and 0 stages. In figure 6 these stages are denoted as
follows : X-stage 100(1), Y-stage 100(2), Z-stage 100(3) and O stage
100(5). [0096] The first subunit 110 may nani pul ate the sanple - it may
change the spatial relationship betweepsthe mask and the sanple - for
exanpl e by noving the mask in relation to any novenent introduced by the

second sub- .20 unit 120. i npl e can
be. moved BEb esk Tereatehio ABMp et brE RSkl BY HRE-BRY KA ¢
share st aggis 120ch ls?l&ofe'd fhiatt @ach toidiee h¥sk driPOaihpEheart beshosedbyisubil0 may
have X, Y, Z and stages. In either one of figures 6 and 9 these stages

are denot editss er@@hmmmoxe dn sgjatiandg eagh Oﬁh%rtadtfbn?hﬂ?a@rﬁﬁﬁﬁs S®Cp3ge
100(9), a'tbq @nrigégﬁ /H0(8). [0098] The second subunit 120 may nani pul ates
the mask and so mani pul at e technol ogi cal accessories such as nask,
calibrati [ﬁ)@m]ahe f:rap&utiunmtetw mmghavef &, Yjepasidtd stagesc In pibeopnaiod fir st

bunit 110 t t |.0 I
anpl e hol GPS(BIA00 P dhers GPGes B SR8 dafowan X STas 1060 Yay be
transfer r%gerzhbi stdwnh)S ZRtahé 'mogﬁf 8Ad bheagenpbe)angul ar stage 100(8).

[ 00100] The &tages are connect ed ween structural elenents such as plates,
beanms, rajd032] @hecmwnéssabmt Haol maew a@mntéaitemm@lynasklem@gﬁay ?'@9101]

et O ool AR hb R (dTIE0, FRRL SRR DA,

freedom agpeNiirde, targétfoptiepositiemet@y cont roI to all ow quick bulk renoval to
intensify the }I)_rocess as well as gentle mlling nmode to provide hi g’hest

| evel of 93] Thal fltﬁ&asvwmbﬂbotmat é@cag&erpﬂ@ FPMRegRri HEERIUGA! density
Lo oo £ pBLARERES AUNRL Aol ol (BRo rBfert o SRMIe D) OTIE iyibong beam

cross sectron to provi ormtreat ment
i nci dence1@dghay dje tiaesfeeed wetihiti mepgsuhm&mensﬁrmbanmle famgelarostagei d

sel ecti Ve182)28g.i ng of the sanple surface.

[0074] The stages are connected between structural elements such as plates,
beams, rails, guidelines and the like denoted 101(1) — 101(5).

[0075] Figure 7 illustrates in greater details the initial sample 21 that is held by
shuttle 103, masked by mask 50. Figure 7 also illustrates a fixed aperture
mask 111 positioned above the initial sample 21. The ion beam should pass
through the aperture of the fixed aperture mask 111. The fixed aperture mask
111 prevents collateral damage resulting from the ion milling. It is fixed in
relation to the initial sample 21. Figure 7 also shows an element 333 that may
support the initial sample 21 when the initial sample provided from (or to) the
lock load. Figure 7 illustrates the element 333 after the initial sample 21 is
taken and placed on shuttle 103.

[0076] Figure 8 illustrates a shuttle 103 that includes two co-perpendicular
dove-tails 1031 and 1032. The shuttle 103 also includes two spaced apart
blocks 1033 and 1034 that hold the sample 21 in the narrow space between
them. Figure 9 illustrates various structural elements as well as manipulator

engines 131.



e. Control of the beam shape and size to provide variety of applications
and technol ogi cal nodes. f. Beam pulsating for uniformty of sanple
treatment. g. Beam accurate positioning to provide specific area of a
sanple treatnment. 21 h. Beam scanning in orthogonal directions for
uniformty of sanple treatnment. i. Eu-g¢gntric beamrotation around area of
interest for uniformty of sanple treatnent. [00102] The ion mller 40 may

i ncl ude: - EON.d 9N4S0 - | QR SR~ b

For mat | onSBab e REERE Flré NRESIARIG gld¥ob bl WingueBeRA.
Fi nal opt 82ariddorf detestonrBl i used to omoritoarart alignrdeat prozesededaaphdhed. Xe
gas supply systemtq provide a tomati c gas delivery of constant and

speci f i edNiidl sampde Zé.anﬁéaﬁ;m%%qv%&t hat provides automatic supply of _

b1 o8 O AAEpr (e AP AL BHIGR, I rl g o

control o$ample Rbsosthat (@rthey asg pasallel to each other (both can be horizontal)
or be positioned on any other manner, and (b) the edge area of the mask 50 is
positioned directly above an imaginary line that represents a desired milled
edge of the initial sample 21 after being milled during a first milling sequence.
This imaginary line can be located few nanometers from a center of the milled
sample 21. Dashed line 55 illustrates that the mask 50 is horizontal at the end
of the alignment process. The distance (D 23) between a trajectory of the
edge 53 of the mask 50 on the edge 25 of the initial sample 21 and the center
22 of the initial sample 31 is few nano-meters. It is about a half of the final
thickness of the milled sample.
[0079] The alignment process is aimed to guarantee that once the mask is
placed between an ion miller and the initial sample 21, it (the mask) will
prevent the ion miller from milling a pre-defined masked portion of the initial
sample while allowing the ion miller to mill a pre-defined exposed portion of
the initial sample.
[0080] Once the alignment process ends the mask 50 and the initial sample 21
are moved (for example — rotated). The rotation can be executed by the main
rotating stage 130 and about an axis (for example- about the X axis), while
maintaining the spatial relationship between the mask 50 and the initial
sample 21 unchanged. The movement (rotation) can be stopped once the
mask 50 and the initial sample 21 face the ion miller 40.
[0081] The ion miller 40 performs a first milling sequence that may include
milling the exposed portion of the edge area of the initial sample 21 by a dual
deflection while observing the milling by the scanning electron microscope
(using detector 32 and/or detector 34). The milling may further thin the pre-
thinned area of the initial sample 21 on one side to provide a milled side

(denoted 24 in figure 4) of a partially milled sample (denoted 21' in figure 4).



[00103]Figure 12 illustrates the ion mller 40 as including a ion beam
source assenbly 40(1), a non-ionized particle supply assenbly 40(2), an ion
beam extract or assenbly 40(3), an ion beam focusing assenbly 40(4), an ion
beam defl ecting sub-assenbly 40(5), a ion beamfirst deflecting assenbly
40(6), and an ion beam second deflectiEg assenbly 40(7). [00104] The ion
beam source assenbly 40(1) is fed by the non-ionized particle supply

assenbly 40(2) and the.,ion heam extractor. agse y 3) : i on
beam t hat %Béo')ﬁagﬁ?%@ g‘?oﬁ’d‘ g’t‘? gﬁﬁ?%tg yﬁf"g ﬁ‘f Xz#t H%‘%anb%%géﬁ; @ﬁe i on
beam f ocugbfsksasifestll v 40(4) focuses the ion beamand feeds the focused ion
beamto ion beam™first deflecting assenbly 40(6) that rot ateﬁﬁ I,on beam

| . es th
and di r eci0982] Alieoage diideof thminitiaigaraple '§ﬂﬁ@é@l)(@pa'?qv'qer BATt MY rﬁ'ﬁ?gcal axi s

of the iop.ml|l sk, j The i

bear seconals £.bu e Blefligisr § 0§ GidsR e sBbfaiRidienshpasRritegine T 2 00s

tzge O'Pt ![ pmaswﬂ(}s?n(q\{tlré @ar}ﬁﬁllmrﬂillaﬁ lnaf_a_nhﬂfle Zb}irab'rdm tofempgeitbe dbleemside ( 3) . Tge
rotation constan changes . i ng, an t ]

sarpi e [ SDUTSPAIRGHCN (GH PR EA b Pt BaRWE 21 I Heufon BTl R ldei 1 LS.

patent applicaLi ! o SACH | . .

"Directed H}il 'f‘ F{uggfr??gitnggﬂ%m%gmﬂnﬂeldl | ngﬁ%f?g%rggilgiag{%:@;%tbggﬁ gr m ni ng

and Cont r shinptegrdEatiems! stage 60(8), whidohay @lsminsiysts ehanping e heightradf er ence.

[ 00106] Ref&erri ”ﬁ o figures 13A-13D, the system has an air-1ock 1300.
Fi gure 1306 0a5KkVhematic cross section of a air |ock 1300 and wal | 91(1)

of a vacuppa3ARESIdiRl 16 P etbitifnenardf efigovertiin dfie tdhangeventpattal
[00107]Figure 13B is a top view of a air |ock 1300, a vacuum chanber 91 and
a mani pul eelationsdip aisceeaireligd susinge @poaligRMENbiPresRsS (fHENg HICTihEre 138

ko S Aol AR Bt RIARTR AP iy kg, oo T

vi ew of atqigualtdrie 1R80theadesired alignment is obtained. The alignment may be
preceded by moving (for example- rotating) that mask and the partially milled
sample until they face the imaging system, performing the alignment and then
moving (for example- rotating) the mask and the partially milled sample fill
they face the ion miller.
[0084] After the spatial relationship is changed, the ion miller 40 performs a
second milling sequence that includes milling the other (now exposed) portion
of the edge area of the partially milled sample 21' while observing the milling
by the scanning electron microscope and (optionally - when the partially milled
sample starts to be partially transparent to electrons) by a TEM or STEM
detector 33, until reaching a desired thickness. The milling process can be
automatically stopped when the TEM detector 33 indicates that the thickness
of the milled sample reached the desired thickness.
[0085] The system 10 can include a retractable BSE detector, a SE detector or
a combination thereof. During initial ion milling at high sputtering rate, the
viewing of the sample can be accomplished by the retractable BSE detector
32 that is illustrated in figure 2 as being located beneath the pole pieces of the

objective lens 30.



vacuum chanber 91 and a mani pul ator 100 according to an enbodi ment of the
invention. Figure 13Cillustrates the air |ock before the sanple supported
by the feeding rod is entered to the vacuum chanber 91. [00109] Fi gure 13D
is a cross sectional view of a air lock 1300, a vacuum chanber 91 and a
mani pul ator 100 according to an enbodi ggnt of the invention. Figure 13D
illustrates the air |ock when the sanple supported by the feeding rod is

o al | ow 129681 FEroafARoHEhAEesRRGn Mhaobd e IRhiBoRE s, FERS MRS, PO, <

10) nurrerwuensm@&emp@endstmhn@ﬂ @@héﬁéreaccfessmm:iem prictarpseleetséns, a

cal i brating ate, apertures, target for de 05|t| etc&nthout venti ng of
a vacuum @%Eﬁ@t’“ogpf Stodeteciorié and BSScsetes ¥s€q. A | oading

openi ng 1 I i ' 30 for
| oadi ng / 'btﬁ‘aﬁ ng':] ngcg&@dq Eﬂ%ﬁ%{;}?@aﬁa@% egfsfca)s?‘l @glhﬁ%@/ﬁ tfﬂgom t he

f eedi ng sgamﬁha (bnwmgsnmmarmtvanuwmnm%’emctmhat as tranenisdivet HdE)

mani pul atqr) . . S ngl udes feedi ng, rod 1305 t hat

o | oeREON it SEhe JatoRt eansaln o7 ane Sielk lnPRLARGRSS Bl s
accessorigs ched aut Mp bpefeddr By ahbass Rf & @ondiedtion” 66 thel@nesi dhdve-t ar get
etc w thout additional ventln of air-lock. The interface part (drum of

t he feedi ﬁ@ntlodeéld&lectW§v§En a0g T#ove-tails for mounting on it standard

shuttle c S t $0 h od 1305
can rot at @Ogﬁl?ﬁe @ig? @Cg( 3%% Oi tﬂ@ @ﬂ%&sgémﬁnﬁl Icgl%orb -gb@e%ﬂﬁg‘l ngb{'

shut - of f mRIag@rek?ent tof PuPVENturieits i frgnofa tihesvaissiven (fm)mm@tedurlm Ioadl ng
/ unl oadi ng _sanpl es and technol ogi cal accessories onto fromthe feeding

system [ 6olrAtioRcusygs oidbrsa sutPut SUFERSS YRieds the aﬁmslfem'q@eﬁﬁ wilhge yay |
91(1) of EQ ul‘é ng rog%"gﬁéd@ﬁnew%atlﬁﬂ:talm&ﬁﬁlﬁ&% szPtdl%Fef‘f Mato0 18

opened the can enter’ the vacuum chanber espeC| ally
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copect al Ly, | s openl o SRaceludhe VAT e Hiiote daielsntn o, 120
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provided along with the finished TEM sample.
[0089] The SE detector 34 can be an Everhart-Thornley type detector that
includes a combination of a scintillator and a photo-multiplier. The SE detector
34 can be mounted on the sidewall of the system chamber. The SE detector
34 can operate in a current mode. During ion milling the SE detector 34 is
protected by a protective shutter 35. Figure 2 illustrates the SE detector 34 as
being located at the right side of the objective lens 30, but this is not
necessarily so.
[0090] The BSE detector 32 can be a solid-state semiconductor detector,
which can be located beneath the pole pieces of the objective lens 30 to allow
its retracting in order to obtain high resolution observation mode when
extremely short working distance is needed. The BSE detector 32 can operate
in a current mode. The BSE 32 detector can be used during ion milling for
observation of the sample surface.
[0091] The TE detector 33 may include three independent parts, which are
electrically isolated one from another. A first part - referred to as a first bright

field TE 33(1) detector may be a disk located on the microscope principal axis



[ 00113] The mani pul ator 100 can include the foll ow ng stages and these
stages can be characterized by the follow ng paraneters: [00114] Main
rotating stage 130: Actuator type: Piezo notor Actuation nodes: stepping &
scanni ng Stroke: mn 120 degrees Maxi mal speed: 10 degrees/s Maxi ma

accel eration: 1000 degrees/s”2 Positioniqig accuracy with encoder closed

| oop: 150 m Resol ution: 50 mcrons [00115]First sub-unit 110: X-axis 100(1)

Act uat or éé’r?eeétﬁi fe’ sg%tp 2. ﬁ‘cltsu%teidf%gterg)qg Sde%@t’?ﬂ " t‘?’ar?é’rﬁi'f't@hnglectrons
scattered at small angles. The second part is referred to as a second bright
field TE detector 33(2) represents a ring coaxial with the first bright field TE
detector. It is dedicated to detection of transmitted electrons scattered at small
angles but bigger than for first bright field TE-detector. The third part -
referred to as dark field TE detector 33(3) represents a ring coaxial with the
second bright field TE detector. It is dedicated to detection of transmitted
electrons scattered at relatively large angles. All three of these TE detector
parts can be solid-state semiconductor detectors can have an atomic number
resolution that equals to approximately 1 and can work in a current mode.
During ion milling the TE detector 33 can be protected by a protective shutter
Faraday cup located on its top on the microscope principal axis beneath the
sample 21. It can be dedicated to measure electron probe current in order to
provide subsequent calibration of the TE-detector for thickness measurement
of a treated sample.

[0092]1t is noted that the number of detectors, their location, the types of
detectors and the number of parts of each detector (As well as their size and
shape) can differ from the example illustrated above.

[0093] Figures 11A-11C illustrate a manipulator 100 according to various
embodiment of the invention. Figure 11A is a front view of the manipulator
100, figure 11B is a top view of the manipulator 100, figure 11C is a side view
of the manipulator 100 and figure 11D is a three-dimensional view of the
manipulator 100, all according to an embodiment of the invention.

[0094] The manipulator 100 includes two separate subunits 110 and 120 both
located on a main rotating stage 130. The rotating stage 130 is separated by
and powered by engines 130(1) — 130(4).

[0095] The second subunit 120 may manipulate the sample and the mask and
may have X, Y, Z and 6 stages. In figure 6 these stages are denoted as
follows : X-stage 100(1), Y-stage 100(2), Z-stage 100(3) and © stage 100(5).
[0096] The first subunit 110 may manipulate the sample - it may change the
spatial relationship between the mask and the sample — for example by

moving the mask in relation to any movement introduced by the second sub-



Stroke: 30 mm Maxi nal speed:5 nmm's 24 Maxi mal accel eration: 1000 mm s”*2

Posi tioning accuracy with encoder closed | oop: 1000 nm Resol ution:1 nm
Y-axis 100(2) Actuator type:Piezo notor Actuation nodes:stepping & scanning
Stroke: 25 mm Maxi mal speed: 10 mm's Maxi mal accel eration: 1000 m1i s"2

Posi tioning accuracy with encoder closeg | oop: 1000 nm

unit 120. It is noted that each of the mask and sample can be moved by sub-
units — each can move in relation to each other and not share stages such as
rotating stage 130.

[0097] The first subunit 110 may have X, Y, Z and 6 stages. In either one of
figures 6 and 9 these stages are denoted as follows: X-stage 100(11), Y-
stage (not shown), Z-stage 100(9), and 6 stage 100(8).

[0098] The second subunit 120 may manipulates the mask and may also
manipulate technological accessories such as mask, calibrating plate,
apertures, target for deposition etc.

[0099] The first subunit 110 may receive the sample or technological
accessories from a sample holder (also referred to as shuttle 103). The shuttle
103 may be transferred until it is positioned on the sample angular stage
100(8).

[00100] The stages are connected between structural elements such as
plates, beams, rails, guidelines and the like denoted 101(1) — 101(5).

[00101] Referring to figure 12, the ion miller 40 (also referred to as ion
sputtering system) can have the following capabilities and degrees of
freedom:

a. Wide range of ion energy control to allow quick bulk removal to
intensify the process as well as gentle milling mode to provide
highest level of the final quality of a treated sample.

b. High ion current density for short process duration.

c. Control of ion current uniformity along beam cross section to
provide uniform treatment of a sample.

d. Variable incidence angle of the beam relatively to the sample
surface to avoid selective milling of the sample surface.

e. Control of the beam shape and size to provide variety of
applications and technological modes.

f. Beam pulsating for uniformity of sample treatment.

g. Beam accurate positioning to provide specific area of a sample

treatment.



Resol ution:1 nm Z-axis 100 (3) Actuator type:Piezo notor Actuation

nodes: st eppi hg & scanni ng Stroke: 30 nm Maxi mal speed: 5 mni's Maxi mal

accel eration: 1000 mm s”2 Positioning accuracy with encoder closed | oop: 1000
nm Resol ution:1 nmO-axis (my have no thru-hole in the axis) 100(5)

Actuat or type: Piezo notor Actuation nogles: stepping & scanning Stroke: 360
degrees Maxi mal speed: 45 deg rees/s

h. Beam scanning in orthogonal directions for uniformity of sample
treatment.

i. Eu-centric beam rotation around area of interest for uniformity of
sample treatment.

[00102] The ion miller 40 may include:

a. Duo-plasmatron ion source to ignite the plasma.

b. Beam formation module to extract and collect Xe+ ion beam
from the plasma.

C. Fihal optics to focus and direct ion beam toward a treated
sample.

d. Xe gas supply system to provide an automatic gas delivery of
constant and specified pressure.

e. Leak-valve that provides automatic supply of metering amount of
the gas into the ion source for plasma ignition and ion beam
formation.

f. Electronics and power supplies to provide automatic control of
the ion sputtering system.

[00103] Figure 12 illustrates the ion miller 40 as including a ion beam
source assembly 40(1), a non-ionized particle supply assembly 40(2), an ion
beam extractor assembly 40(3), an ion beam focusing assembly 40(4), an ion
beam deflecting sub-assembly 40(5), a ion beam first deflecting assembly
40(6), and an ion beam second deflecting assembly 40(7).

[00104] The ion beam source assembly 40(1) is fed by the non-ionized
particle supply assembly 40(2) and the ion beam extractor assembly 40(3)
outputs an ion beam that propagates along an optical axis 41 of the ion miller.
The ion beam focusing assembly 40(4) focuses the ion beam and feeds the
focused ion beam to ion beam first deflecting assembly 40(6) that rotates the
ion beam and directs it along directions that are spaced apart from the optical
axis of the ion miller to provide deflected and rotated ion beam 41(2). The ion
beam second deflecting assembly 40(7) directs the rotating ion beam towards

the optical axis, while maintaining the rotation of the ion beam 41(3). The



Maxi mal accel eration: 1000 degrees/s”2 Positioning accuracy with encoder
cl osed | oop: 500 m Resol ution: 100 p [00116] Second sub-unit 120: X-axis
100(11) Actuator type: Piezo notor Actuation nodes: stepping & scanning
Stroke: 30 mm 25 Maximal speed:5 mml's Maxi mal accel eration: 1000 mm s”~2
Positioning accuracy with encoder closeg | oop: 1000 nm Resol ution: 1 nm

rotation constantly changes milling angle and provide a smoother milled
sample.

[00109] A non limiting example of an ion miller is provided in US patent
application publication serial number 2008/0078750A1 titled "Directed Multi-
Deflected lon Beam Milling of a Work Piece and Determining and Controlling
Extent Thereof", which is incorporated herein by reference.

[00106] Referring to figures 13A-13D, the system has an air-lock 1300.
Figure 13A is a schematic cross section of a air lock 1300 and wall 91(1) of a
vacuum chamber 91 according to an embodiment of the invention.

[00107] Figure 13B is a top view of a air lock 1300, a vacuum chamber
91 and a manipulator 100 according to an embodiment of the invention. Figure
13B illustrates the air lock before the sample supported by the feeding rod is
entered to the vacuum chamber 91.

[00108] Figure 13C is a cross sectional view of a air lock 1300, a
vacuum chamber 91 and a manipulator 100 according to an embodiment of
the invention. Figure 13C illustrates the air lock before the sample supported
by the feeding rod is entered to the vacuum chamber 91.

[00109] Figure 13D is a cross sectional view of a air lock 1300, a
vacuum chamber 91 and a manipulator 100 according to an embodiment of
the invention. Figure 13D illustrates the air lock when the sample supported by
the feeding rod is positioned in the vacuum chamber 91.

[00110] The air lock 1300 function is to allow loading / unloading into the
vacuum chamber (denoted 91 in figure 10) numerous samples and
technological accessories such as mask, calibrating plate, apertures, target for
deposition etc without venting of a vacuum chamber 91.

[00111] The air lock 1300 includes:

a. A loading opening 1310 with a sliding sealing cover 1320 onto
main housing 1330 for loading / unloading samples and
technological accessories onto / from the feeding system (and
from/onto a vacuum chamber that surrounds the manipulator).

b. A feeding system that includes a feeding rod 1305 that allows

loading into the vacuum chamber 3-5 samples and technological



Y-axi s (not shown) Actuator type:Piezo notor Actuation nodes: stepping &
scanni ng Stroke: 25 nmm Maxi mal speed: 10 nnm's Maxi nal accel eration: 1000

nm s”2 Positioning accuracy with encoder closed | oop: 1000 nm Resol ution: 1
nm Z-axis 100(9) Actuator type:Piezo notor Actuation nodes:stepping &
scanni ng Stroke: 30 nm Maxi mal speed:5 gas Maxi mal accel eration: 1000 nm s”*2

accessories such as mask, calibrating plate, apertures,
deposition target etc without additional venting of air-lock. The
interface part (drum) of the feeding rod shall have numerous
dove-tails for mounting on it standard shuttle carrying sample or
a technological accessory. The Feeding rod 1305 can rotate
about its axis and can be moved manually or by a motor.

c. A shut-off valve 1350 to prevent venting of the vacuum chamber
during loading / unloading samples and technological
accessories onto / from the feeding system.

[00112] The air lock 1300 is proximate to an opening in the wall 91(1) of
the vacuum chamber 91 such that when the shut-off valve 1350 is opened the
feeding rod 1305 can enter the vacuum chamber 91 and especially the interior
space 91(2) of the vacuum chamber 91. The Air lock 1300 and especially
loading opening (space) are vacuumed before the feeding rod 1305 enters the
vacuum chamber. When the shut-off valve 1350 is closed the air lock 1300 is
sealed in a manner that prevents gases to enter the vacuum chamber 91.

[00113] The manipulator 100 can include the following stages and these

stages can be characterized by the following parameters:

[00114]

Main rotating stage 130:

Actuator type:
Actuation modes:
Stroke:

Maximal speed:

Maximal acceleration:

Positioning accuracy with encoder closed loop:

Resolution:

[00115] First sub-unit 110:
X-axis 100(1)

Actuator type:

Actuation modes:

Stroke:

Maximal speed:

Piezo motor
stepping & scanning
min 120 degrees

10 degrees/s

1000 degrees/s*2
150 m°®

50 microns

Piezo motor
stepping & scanning
30 mm

5 mm/s



Positioning accuracy with encoder closed | oop: 1000 nm Resol ution: 1 nm
R-axis 100(8) Actuator type:Piezo notor Actuation nodes: stepping & scanning
St roke: 360 degrees Maxi mal speed: 45 degrees/s Maxi mal accel eration: 1000
degrees/s™2 Positioning accuracy with encoder closed | oop: 250 m

Resol ution: 150 p [00117] Referring to fpgures 1 and 5, the initial sanple
and the mlled sanple can be characterized by the foll ow ng paraneters:

| nput sanmaQir%Qliac&g%sfgggﬁ:SO mcrons MIled sanpl eqhhh pihREs10-50 nm

Positioning accuracy with encoder closed loop: 1000 nm
Resolution: 1 nm

Y-axis 100(2)

Actuator type: Piezo motor
Actuation modes: stepping & scanning
Stroke: 25 mm

Maximal speed: 10 mm/s

Maximal acceleration: 1000 mm/s"2
Positioning accuracy with encoder closed loop: 1000 nm
Resolution: 1 nm

Z-axis 100 (3)

Actuator type: Piezo motor
Actuation modes: stepping & scanning
Stroke: 30 mm

Maximal speed: 5 mm/s

Maximal acceleration: 1000 mm/s"2
Positioning accuracy with encoder closed loop: 1000 nm
Resolution: 1 nm

B-axis (may have no thru-hole in the axis) 100(5)

Actuator type: Piezo motor

Actuation modes:
Stroke:

Maximal speed:

stepping & scanning
360 degrees
45 degrees/s

Maximal acceleration: 1000 degrees/s"2
Positioning accuracy with encoder closed loop: 500 m°®
Resolution: 100 p°

[00116] Second sub-unit 120:

X-axis 100(11)

Actuator type: Piezo motor

Actuation modes:
Stroke:

stepping & scanning

30 mm



26 Thi ckness variation in area of interest<5nm Thinned area around target
feature (area of interest) Thickness <50 nml0 X 5 p Thi ckness <100 nnB0 X
10 p Thi ckness <200 nml00 X 15 p Localization of area of interest5-10 nm
Artifacts | evel Anorphisation<l nm Point defects<lnm Xe contam nati on<10-9%
[00118] Figure 14 illustrates method 1499 according to an embodi nent of the

I nventi on.

Maximal speed:

Maximal acceleration:

Positioning accuracy with encoder closed loop:

Resolution:

Y-axis (not shown)
Actuator type:
Actuation modes:
Stroke:

Maximal speed:

Maximal acceleration:

Positioning accuracy with encoder closed loop:

Resolution:
Z-axis 100(9)
Actuator type:
Actuation modes:
Stroke:

Maximal speed:

Maximal acceleration:

Positioning accuracy with encoder closed loop:

Resolution:
R-axis 100(8)
Actuator type:
Actuation modes:
Stroke:

Maximal speed:

Maximal acceleration:

Positioning accuracy with encoder closed loop:

Resolution:

5 mmf/s
1000 mm/s”2
1000 nm

1 nm

Piezo motor
stepping & scanning
25 mm

10 mm/s

1000 mm/s"2

1000 nm

1 nm

Piezo motor
stepping & scanning
30 mm

5 mm/s

1000 mm/s"2

1000 nm

1 nm

Piezo motor
stepping & scanning
360 degrees

45 degrees/s

1000 degrees/s*2
250 m°

150 p°

[00117] Referring to figures 1 and 5, the initial sample and the milled

sample can be characterized by the following parameters:

Input sample thickness

Milled sample thickness

20-30 microns
10-50 nm



[00119] Met hod 1400 starts by stage 1410 of receiving or generating a mask.
The mask can be generated by mcro-cleaving to provide a highly accurate
mask. An exanple for mcro-cleaving is illustrated in US patent 6223961
titled "Apparatus for cleaving crystals”, which is incorporated herein by
reference. [00120] Stage 1410 is foll owgd by stage 1420 of receiving or
generating an initial sanple that has a thickness (near its edge) of few

mcrons -_as illustrated in figure 1, The initial _ganple can be prepared by
an ME3 t oblickpessuanation; iy arga O?éf}f%"&s.t [00121] St agé§&r£?2o is foll owed by

stage 1439n0heBR¥hA SrélhPtaigsteatiffe (BRal dfiihiesdstpanpl e to a mani pul at or.
[ 00122] St age %430 Is foll owed by stage 1440 of allgnl ng the mask and the
initial sanpl eThickges®<8) by using a nani pul ator, 18449 # | east one out of a

scanni ng el ectron, mcr and an optical mcro The mask is aligned
t o expose one iﬁl‘fgnﬁ?s tgﬁéel%ﬁ?tl al sanple to ion m§§?<lpﬁg,p and al i gnment may
i ncl ude novi ngThitRneesk2e0én®r the initial sanpl e10§ X e pmani pul at or.
[00123] Stage 1440 is foll owed by stage 1450 of noyi Igor exanpl e -
rotating heedlizalian #kpea ph@tef%a and the initial éaﬂ%‘ , by the

mani pul at @i ifa&@ilé\?el”ai ntaining the alignnent so that the nmask and initial
sanple face anionmller. 27 [00124] Stage 1450 is foll owed by stage 1460
of perform ng Anfdrphisatibhl i ng sequence (figure 3)<fllao includes mlling the
exposed portiop of the edge area of the initial s le by the ion mller
that perforns ﬁpfﬂtidﬁgecﬂ§/ a dual deflection while %Eﬁmvi ng the nilling by

t he scanning eb(%(gdn@é]ﬂmagibﬁscope, the mlling thirgofthe edge area of the
initial sanple on one side, the first mlling sequence provides a partially

mlled safffltd8]fi guFiguzeila ilsiratessmethad 140 mesrrding e & ampedingat
starts fe\(/)vf{}]aenlg\rlneart)t?orns: (D 23) fromthe center of the initial sanple.
[00119] Method 1400 starts by stage 1410 of receiving or generating a
mask. The mask can be generated by micro-cleaving to provide a highly
accurate mask. An example for micro-cleaving is illustrated in US patent
6223961 titled "Apparatus for cleaving crystals”, which is incorporated herein
by reference.
[00120] Stage 1410 is followed by stage 1420 of receiving or generating
an initial sample that has a thickness (near its edge) of few microns — as
illustrated in figure 1. The initial sample can be prepared by an ME3 tool of
Camtek Ltd. of Israel.
[00121] Stage 1420 is followed by stage 1430 of providing a mask and
the initial sample to a manipulator.
[00122] Stage 1430 is followed by stage 1440 of aligning the mask and
the initial sample (figure 2) by using a manipulator, and at least one out of a
scanning electron microscope and an optical microscope. The mask is aligned
to expose one side of the initial sample to ion milling, and alignment may
include moving the mask and/or the initial sample by the manipulator.
[00123] Stage 1440 is followed by stage 1450 of moving (for example —
rotating about an axis) the mask and the initial sample, by the manipulator,
while maintaining the alignment so that the mask and initial sample face an

ion miller.



[ 00125] Stage 1460 is foll owed by stage 1470 of changi ng the spati al

rel ationship between the mask and the partially mlled sanple (by the
mani pul ator) in order to expose the other side of the edge area of the
partially mlled sanple to the ion mller. [00126] Stage 1470 may be
fol l owed by stage 1475 of aligning theyjrask and the partially mlled sanple
by using the mani pul ator, and at | east one out of the scanning el ectron

other st dB03P he- pSRoeaisy i R B st SRS e e formdRE A g SR Ty
i ncl ude g pmcENAgHRSY) MBEIRIuddemilg thd essoselepdtion o taedge laatar .

[00127] Stage 1475 Ts foll owed by stage 1480 of performn d mlli
sfeqUﬁncedefmgljn'éiah?amh@t by the ianeiller| matﬁgerfmmsorf%ﬂmg E’Mé\/ﬁ@éfécggmb?rt i 1)29
of the edgg,ar L1 £ ' ; | ' i ile
obser vi ng\%ﬁﬁ%_oﬁgﬁﬁ’i"}%%@%H‘hbgﬁyaﬁhn%ggﬁﬁggﬁg%ﬁoﬁ ?:‘?%Itsg%ggg@’agﬁdel }(Tglgrt]g\,glnal ly -
when the fpaid ihal édgeraidaest tharipitial straplesort ondsideathe first ynitlingrasgaesee t o

| ect by a TEM or. STEM d ' ' ] i
The m |11 Pigvidasce B3 roled SeCTRe: sk ¢ LuefIEs Ddne HESH ERFRRTLEt or 33
i ndi cat eszérf%ﬁégﬁ#sgﬂg%ﬁ%??ﬁeaé o) Flogfltreosaiier sEmenatal sumplesi 1 ed

t hi ckness. strates nethod 1500 according to an

enbodi menj00d251 he i Steryet 1460 iﬁdﬁ&%@@d/&yha@g%ﬁ@'%Dérqhgnﬁ'gﬂgstf@gépqtiﬁio of
receiving or._generagting a sk. The t ' = Cl [
to provi d@?%{‘_' sh }%Wgﬁpa FRagk %ﬁ?ﬁﬁﬁg%g%ﬁxgﬁmﬁofos%%ﬁ@év@r%rtﬁgc saving
i1 1Tustrat ﬁféng)ﬁrhlé{%r)ﬁﬁt&aér R2EREE thict dtREr SidnsArtAL keigbairealofaive pgrtillyst al s”

which is incorporated herein by reference. 28 [00130] Stage 1410 is
fol | onwed thyllest sapaple4edhefon edliErvi ng or generating an initial sanple that

1o e | WZETSlodd T LA 8 P 6 s 47 AL b e

I srael . and the partially milled sample by using the manipulator, and at least one out
of the scanning electron microscope and the optical microscope. The mask is
aligned to expose the other side of the partially milled sample to ion milling,
and alignment may include moving the mask and/or the initial sample by the
manipulator.
[00127] Stage 1475 is followed by stage 1480 of performing a second
milling sequence (figure 4) that includes milling the other (now exposed)
portion of the edge area of the partially milled sample by the ion miller while
observing the milling by the scanning electron microscope and (optionally -
when the partially milled sample starts to be partially transparent to electrons)
by a TEM or STEM detector, until reaching a desired thickness. The milling
process can be automatically stopped when the TEM detector 33 indicates
that the thickness of the milled sample reached the desired thickness.
[00128] Figure 15 illustrates method 1500 according to an embodiment
of the invention.
[00129] Method 1400 starts by stage 1410 of receiving or generating a
mask. The mask can be generated by micro-cleaving to provide a highly
accurate mask. An example for micro-cleaving is illustrated in US patent
6223961 titled "Apparatus for cleaving crystals”, which is incorporated herein

by reference.



[00131] Stage 1420 is followed by stage 1430 of providing a nmask and the
initial sanple to a mani pulator. [00132] Stage 1430 is foll owed by stage
1440 of aligning the mask and the initial sanple (figure 2) by using a

mani pul ator, and at |east one out of a scanning electron mcroscope and an
optical mcroscope. The mask is alignegkto expose one side of the initial
sample to ion mlling, and alignment may include noving the mask and/or the

tial by t | hul : K :
1450 of rONA (7 orSeeant B s TBRuet Ay TabEr 2R PG P adiFau ™
initial sgmhigal QHmFl@tﬁB%%é’éJ%aﬂﬂéknééf@l dn@aﬁﬁﬂsné@gé)l ﬁﬂfémﬂﬂ@fﬂ’@m‘e% so that
the mask and initiral sanple face an ion mller. 00134]Staﬁ‘,%§1

fol | owed ibystsataden figsoe df. Towr frtm'ah&agn@lefq%berﬁrﬁp@f Re&n é’ure 3)

t hat |ncI e e exposed portion of the edge area of the initial
sanpl e by WZQH I?l?%égl that perfornms mlling by a dual deflection while

obser vi ngiophe1i | | | Stadey 142 iss fulionicagb g lstager #430riof poe\iding, a haskrand i ng
thins the edge area of the initial sanple on one side, the first mlling
sequence quwedmtlab%araplsatpta BanNPWatored sanple; figure 2 illustrates that the

mask ex PORRY Onesﬁ%ﬁ‘ﬁ@g ﬁ;uBﬁggWe@%l {440 B aﬁgmﬁg Qe trhgsicander  of

the|n|t| Stage 1 | owed stage 1510 of noving
(for exantbieemitlai shatple @figiye 2) bmuamgsa mardpulatk, and attH@agamei av 9f &i | | ed

sanpl e, t he mapi pul ator, so that the al th

i magi ng d GATRNg F&?ﬁ@@]@?&%c’fgﬁd n PRt '%Mﬁ%ﬁ%@?aﬁ]hg{@%ﬁg ﬁ'&f‘?gﬁ. nget he
mask and @%ﬁﬁééé iRkl ¥iBi bf 8k aE earkyleU® RE hilkingRanhdudlginenentamdyat | east
one out o e scanning electron mcroscope and the optical m croscope. The

mask is ain.cgmdnpm1ng>¢bemasm@ndiphme igitigd samplenby P18 MaRIRYRRY | ed sanple to

o Ritpdle, | el SRR dfBWel)fy UikoePABG S iR r @Rele LN
rotating about an axis) the mask and the initial sample, by the manipulator,
while maintaining the alignment so that the mask and initial sample face an
ion miller.
[00134] Stage 1450 is followed by stage 1460 of performing a first milling
sequence (figure 3) that includes milling the exposed portion of the edge area
of the initial sample by the ion miller that performs milling by a dual deflection
while observing the milling by the scanning electron microscope, the milling
thins the edge area of the initial sample on one side, the first milling sequence
provides a partially milled sample; figure 2 illustrates that the mask exposed a
zone that starts few nanometers (D 23) from the center of the initial sample.
[00135] Stage 1460 is followed by stage 1510 of moving (for example —
rotating about an axis) the mask and the partially milled sample, by the
manipulator, so that the mask and initial sample face the imaging device.
[00136] Stage 1510 is followed by stage 1520 of aligning the mask and
the partially milled sample by using the manipulator, and at least one out of
the scanning electron microscope and the optical microscope. The mask is
aligned to expose the other side of the partially milled sample to ion milling,
and the alignment may include moving the mask and/or the initial sample by

the manipulator.



[00137] Stage 1520 is followed by stage 1480 of perform ng a second mlling
sequence (figure 4) that includes mlling the other (now exposed) portion
of the edge area of the partially mlled sanple by the ion mller while
observing the mlling by the scanning electron mcroscope and (optionally -
when the partially mlled sanple startggto be partially transparent to

el ectrons) by a TEM or STEM detector, until reaching a desired thickness.

i cat eJOONRCT t o Siraehead o PRt by | b HAED. O Blardfing i sHEefF ™

thi cknessy; | t flinkligass rillingrithe aesthed sépised) ncl ude
t he targ(gwlﬁ%fﬁ?q\%ﬁ%éﬁ% egtaﬁl((z,Oﬂglng\l/ImI(:)r TEM [(?&38 I t ig@?]\gtﬁ?‘{ ha'?

al t hough portjonenf the edge a®ai of thet partislhamiled sample Ry the der SRillgWABR t hat

t he net hod can. i ncl ude . nor, a 1)L . ; eceded b
changi ng &Fﬁ?%'ﬂgtﬁ%gl "ﬁm%tbg'o%ghg%érﬁﬁ?%é#t@emr'rgrggé%é\%%Enﬁe éi'gg?@ and d
al i ?m ngd\;\,hgnmﬁélpaﬁi?mgtmmea@gm;ﬂe sEé)&lﬁﬁﬂ)é' benwlydlsarspafer&aomlﬁdtrdm I

ment i oned above nethods may be a very thin area_ of .jnterest_that. includ
target aney iasTENhAE SV tdatacter.certl gRackipg A desirgd té:c %rT@TEN}I“EQSrpIUe.eS :
[ 00140] Th L pventi i i i onal

Lool s, mod iSRS Sy b8 e <R R A T e O ol s,
conponent thabhdhaehickdeso gy the enitied ssanplé aepibhéd rtbé rdasiredethigkness.nThee

previ ous descriptions, n rqus specifi et,ails.arne.s forth, ipn order to
provi de amiliesy égﬁ’rﬁ’?%rﬁﬁ'étaggéj\%%i '?Fg ”gﬁe‘ii t?é’pgﬁgeﬁwdsl' (e ﬁhﬁ.tg@??eveﬁ,e i t

shoul d bevié%ﬁgﬂj #HGtPRt ot eepr esent i nvention m ght be practiced w thout
resorting to the details specifically set forth. [00141] Only exenpl ary

embodi menf09188] t he Prieseted thatelthough figiresuld and a% illuekiale asdius mitligg

Undier st oott RS EBo B8EnE TaberEan R LE RaR Bk MoIANRT GHees 1natC, 0, °°
conbi nat i g3y BN BredpdetisyTERasgiAg dhé Spatlalelationthiphiaetgesnatheradsk aodt i ons

wi thin the scope of the inventive concept as expressed herein. 30 WE CLAIM
1. A net hother samplecgnst aligping Henmask anddhasaRie conpr i ses:

[00139] The outcome of each of the mentioned above methods may be a
very thin area of interest that includes a target and is transparent to electrons
so as to be a TEM or STEM sample.

[00140] The present invention can be practiced by employing
conventional tools, methodology and components. Accordingly, the details of
such tools, component and methodology are not set forth herein in detail. In
the previous descriptions, numerous specific details are set forth, in order to
provide a thorough understanding of the present invention. However, it should
be recognized that the present invention might be practiced without resorting
to the details specifically set forth.

[00141] Only exemplary embodiments of the present invention and but a
few examples of its versatility are shown and described in the present
disclosure. It is to be understood that the present invention is capable of use
in various other combinations and environments and is capable of changes or

modifications within the scope of the inventive concept as expressed herein.



receiving, by a manipulator, a nmask and an initial sanple;

positioning, by the manipulator, the nask and the initial sanple in front
of an imagi ng device so that the mask and a first side of an edge area of
the initial sanple face the inmagi ng device; al i gning, by the
mani pul ator, the mask and the initial ganple so that the mask masks a
masked portion of the edge area of the Initial sanple while nmaintaining an
exposed par 'g f the edge area of the initial sanple unmasked; wherein

t he alignﬁﬁég Eﬁﬁ%ises obt ai ning i mages of the mask and the initial sanple
by the imagi ng devi ce; positioning, by the manipulator, the mask and
the initial sanple in front of an ion mller so that .the mask and the first
si de of the ed@én@hed forf prtemrmmatsaanpl@amﬁ rethRdCARRISESh il ler: while

nchangi ng a I W he initial sanple;
lrJn 1 ngl gy tﬁ%ceh/ﬁ\qhq?/ %Haw}ﬂgé@&g%s port| on mei)(s(;,*dgeI alr ela of St EE
initial sanpl Fp%mu(bmn?ab)kthrgmdm@umketﬂepnask and liige um'ealnmkl pletio fipndyi deka
tiall |l ed sa osi ti oni t i pul at mas
Bnd the |of an imagaapiesiense ek T8 mEHe SNy G S PLah SOSe e A ask and
d ; tial le f th
a secon “%?SQF’}Phe‘eaC%qgsd’%?ﬁ‘gO%‘?‘??f initial sanple face the inmaging

devi ce; ereln secon rs fromthe first side;
al i gni ng, by takgmimai puthet maniputedo ik neask E!rlfbthenlﬂttiaéﬁa@@iﬁ)ﬁ@ thed th@at t he

mask masks a nasked portjon of .the e i d sanple
whil e mai 'Pi‘taéf‘rmﬁ@k%ﬁ‘ @?ﬁk%&%‘??. Sﬁﬁgfe(&? greaaf g&égﬁé@ %ﬁ%'eg‘rl\}thhgl ly
mlled Saﬁ‘iéJﬁaMl sgfpcbxﬁgggaer,artme oal uh@nleagecer&a" |@‘eme)bhmah|sagnpleages of
the mask and the partially mlled sanple by the inaging tﬁVl ce;

posi ti oni ugmabyed hehengin Pig ai@rng CREATRER %@“tﬂ%‘“}%ﬁqsl i he mpsk 889sanpl e
in front e | mask and the second side of the edge
area of tﬁ? BQW Fgrlnlp!? #ﬁ’ﬁ[ %ﬁ%hebggbe the ion mller, while unchanging a
spatial relati 96§|ﬂbmn§ebw¢|$® nidrdpuiatk, thedmask aparthedhitigl sampledingzontl e:  and
31 mlling, by the ion mller, rlonoft |I,ﬁgearea

of the pa@fatallqrymﬁqnsedhghmﬂ magkand t*ﬁ%@kﬁﬁgpésﬁfdth daFSBrCE“ t he
mask, to Eéeﬁ’léos fadd fd kcﬁwdgﬁﬁé}fpk,\ﬁme d@nc E?@uﬁgefahgﬁatmqera«ﬁbnmbmmlem 1,

wher ei n t 1onin t he mamp ator” of the nmask and the initial
sanpl e intﬁdmlask@hdtthe |m|bal sarh;bler corrprl ses rotating the mask and the

wher ein tne m MG, By Rt SRRk the xphast ERuleh oR T o8 eR & Bege 4 ca

of the paf}rﬁﬁé@}'% ﬁib' Whfe ?rﬁé@h GRETRASIRS Fﬁﬂldrpbyﬁbeanabk Clonpevide at he edge
area of t | ed sanpl e, durl ng the mlling, by a transm ssive detector

of the |nagrtra¢jydmi}ed:@ample The method according to claim1, conprising

changi 9 2 S ShohGaEhIRE P PREIRE e fbsiaaly ARcnkaeegard pl fagr 11 o9
edge ar eappthd inGadifg ideRldeysdTiHat ¢l samkl and a second side of the edge area of
the initial sample face the imaging device; wherein the second side differs
from the first side;
aligning, by the manipulator, the mask and the initial sample so that the
mask masks a masked portion of the edge area of the partially milled sample
while maintaining an exposed portion of the edge area of the partially milled
sample unmasked; wherein the aligning comprises obtaining images of the
mask and the partially milled sample by the imaging device;
positioning, by the manipulator, the mask and the partially milled
sample in front of the ion miller so that the mask and the second side of the
edge area of the partially milled sample face the ion miller, while unchanging a

spatial relationship between the mask and the partially milled sample; and



5. The method according to claim1, conprising changing a spati al

rel ati onship between the mask and the partially mlled based on thickness
feedback information obtained after the mlling of the partially mlled
sanple. 6. The nmethod according to claim 1, wherein an inmagi ng device
optical axis is normal to a mlling togf optical axis; and wherein the
positioning, by the manipulator of the mask and the initial sanple in front

f the i iller ' t d i fi L by th
mant pul acor - g ten i Bl IRAGkPE R BB ot i, ud e RS O 1
conpri sespartially mill@@Sddmpiai While byadkivyg Thai maskeddportidre byathe anaski fie initi al

sanpl e so that” the mask and a first side of the edge area of the initial
sanpl e arprovsienamilled samejsti cal axis of the inmging device;

posi tioni g, ' h S iRetHAipbsMonARTIHE tha front
of an i onﬂm I Ib)gPé 2@“'% %ﬁ%@t"?ﬁé’sé&aﬁﬁmﬁhﬁ i %E%sts; pi(i:))f%i%lt Re _édgg_ area of
the initimangamoe ¢fr thenomask ahd the aptialcadmale $n dfonthef ithe iah | maler

positioning, by the nanipul ator, the. k an he,initi.al le in front

of the inﬁ@ﬂﬁ@s%(ﬂt%ﬂ%g‘%’ﬁ‘éﬁk?ﬁg tﬁg@nﬁérﬁnﬂgéyﬁﬁa raqryRu! oa}gﬁe edge area

of the ingtial TRamRLAOA!£ABAIRG o (iR ORhbFAh Rl B1thd [DROIMIEr devi ce,
y

and 32 posi t1oni ng, e mani pul ator, the mask and the partially
mlled sathel expasetirmottionfof the edge ared loéthe pattiedy reiled saswlesammisesecond

side of the edge ar f the rtiall L | lcegl s o] i cal
axi s of tﬁ@nﬁBﬁn%qﬁ@pgne%s_ o{-ﬁge ‘?%é“g%c‘;ér@Fné’”@o"eé?g‘fpr#l?%%?@%n t he
edge ar eanffing,"y 4 WahbalissiaBbRcliofand Imadingsievive. at | east one micros and
wherein thickness of the edge area of the mlled sanpge does not exceed 50

nanormet er4.  9ThgheetRethRreEdiog dihglaig i, aFpnPrisifde CBRAGNHe 2nSPRi3 g
conprises_1iJ i ' t | Ll d u PiH; xi s of
the ion nﬁr%ééwsm‘gplyéﬂfﬁ%ﬁ %?h@ggg%cno@r méngg{t g;ﬂ grf‘g?%gl?a%:é(}?npoﬂ EsHilﬂngers gm)vi ng,
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mlled sanple. 11. The nethod according to claim1, conprising stopping
the milliREtEly HEed8a@Ple-ea of the partially milled sanple based on a
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of the pardlativnshipribeteeesdhpl mably and therpartialyveillest based o thiglnessagi ng
devi ce. feedback information obtained after the milling of the partially milled sample.
6. The method according to claim 1, wherein an imaging device optical
axis is normal to a milling tool optical axis; and wherein the positioning, by the
manipulator of the mask and the initial sample in front of the ion miller
comprises rotating the mask and the initial sample by the manipulator.
7. The method according to claim 1, wherein the method comprises:
positioning, by the manipulator, the mask and the initial sample so that
the mask and a first side of the edge area of the initial sample are normal to
an optical axis of the imaging device;
positioning, by the manipulator, the mask and the initial sample in front
of an ion miller so that the mask and the first side of the edge area of the initial
sample are normal to an optical axis of the ion miller;
positioning, by the manipulator, the mask and the initial sample in front
of the imaging device so that the mask and a second side of the edge area of

the initial sample are normal to an optical axis of the imaging device; and



13. The method according to claim 11, conprising conparing a current
outputted to the transm ssive detector of the inmaging device to a
predefined rel ati onship between current val ues and thickness val ues. 14.
The net hod according to claim1, further conpri sing: posi tioning, by
the mani pul ator, the nmask and the mll| sanple in front of the inmaging
device so that the mask and a first side of an edge area of the mlled

sanpl e face the i magi ng, deyice; . al.j gnj t EM &t t he
mask and the rﬁqsl'taﬁ‘g%%nﬁyet o”E'?fHE“‘Ph%L r{hngﬁ}ggkgxg {ri:%s%ggﬁaglgr ﬁ”gé}ld of the
edge areafhipithR fdt!cTdns 36W nsillehs ehatethatraask agdahe esepond digof then of t he
edge area of the mlled sarrall e unmasked; wherein the, ali ning conprises
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obt ai ni ngedgeagesa of theerartialy amled samal¢ a5 RQIMAl RiiFa Yevi ce;
posi ti oni nﬁl’ by the manipulator, the mask and the mlled sanple in front of
the ion M'M®&r so that the mask and the first side of the edge area of the
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rel ati onship between the mask and the mlled sample; .and. i ling, b
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whi | e maskiqidaldeorRslifled SahiiIdbYs hBFerREs 50 faReviéidis. a fur ther m | ed
sanpl e. . e nethod according to claim1, wherein the imagi n? device is
an opticad. devikemeth6d atherdirg tmdlai comdiaigint thedniling aompHeeeMlifge

i magi ng devjce .is scanning electron, mcros : - t hod accordi
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amlling of the partially m sanple by a transm ssive detector. 18.
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system cegges afdd6f the partially milled sample based on a thickness of the edge area
of the partially milled sample.
12.  The method according to claim 11, comprising monitoring the thickness
of the edge area of the partially milled sample by a transmissive detector of
the imaging device.
13.  The method according to claim 11, comprising comparing a current
outputted to the transmissive detector of the imaging device to a predefined
relationship between current values and thickness values.
14.  The method according to claim 1, further comprising:
positioning, by the manipulator, the mask and the milled sample in front
of the imaging device so that the mask and a first side of an edge area of the
milled sample face the imaging device;
aligning, by the manipulator, the mask and the milled sample so that
the mask masks a masked portion of the edge area of the milled sample while
maintaining an exposed portion of the edge area of the milled sample
unmasked; wherein the aligning comprises obtaining images of the mask and
the milled sample by the imaging device;
positioning, by the manipulator, the mask and the milled sample in front

of the ion miller so that the mask and the first side of the edge area of the



a mani pul ator; an imging device; and an ion mller; wherein the
mani pul ator is arranged to: receive a mask and an initial sanple;
position the mask and the initial sanple in front of an inmagi ng device so
that the mask and a first side of an edge area of the initial sanple face
t he i magi ng devi ce; participate ¢ an alignnent of the mask and the
initial sanple so that the nmask masks a masked portion of the edge area of

the initial sanple ile i.ntai nj hg. an_ex .porti Of area of
the initi @I‘”egaggwl%ﬁ%eslz q;'on mmerpc‘f@]'l?i Bﬁafeﬁg;”gisi S§§89't ﬁéelgﬁ%i % |bal sanpl e
in front gémaRnitAB MAadd Shd & MR ddmpleaakdand the first side of the edge

area of the 34 initial sanple face the ion m/|ler; while unch\z}iaggljr‘gg a
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parti al | yfumhler edlllsdsamnele.wherein the manipulator is further arranged to :
15.  The method according to claim 1, wherein the imaging device is an
optical device.
16. The method according to claim 1, wherein the imaging device is
scanning electron microscope.
17.  The method according to claim 1, comprising monitoring a progress of
the milling of the initial sample by a backscattered electron detector; and
monitoring a completion of a milling of the partially milled sample by a
transmissive detector.
18. The method according to claim 1, comprising automatically stopping
the milling of the partially milled sample when reaching a desired thickness of
the edge area of the partially milled sample.
19. A sample preparation system, comprising:
a manipulator,;
an imaging device; and
an ion miller;
wherein the manipulator is arranged to:
receive a mask and an initial sample;
position the mask and the initial sample in front of an
imaging device so that the mask and a first side of an edge area
of the initial sample face the imaging device;
participate in an alignment of the mask and the initial
sample so that the mask masks a masked portion of the edge
area of the initial sample while maintaining an exposed portion of
the edge area of the initial sample unmasked,
position the mask and the initial sample in front of an ion

miller so that the mask and the first side of the edge area of the



position the mask and the initial sanple in front of the inaging device so
that the mask and a second side of the edge area of the initial sanple face
the imagi ng device; wherein the second side differs fromthe first side;
participate in an alignnment of the mask and the partially mlled sanple so
that the mask masks a nasked portion ofs the edge area of the partially
mlled sanple while nmaintai ning an exposed portion of the edge area of the

partially mlled sampl e unmasked; . Lt ]
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mller, while unchangl ng a s%)at ial relationshi P bet ween t he. nmask and the
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whi I e maski ng portion o provide 'a mlled sanple;
and wher ei n t h@askegiprgvide\d partiably enillexthg@dptep:  obtai n i mages of the mask
and the initial sanple duri ng? th%rél 'bgnmant of . the mask and the initial
sanpl e; and ob¥BETEIN HgEENHUIRIRE! gRenadapged firtially nilled sanple
during the alignment of thansRske andsk BAdPAYE intfidiysdmplee faAPbe the0. The
system according to claim 19, manipulator is arranged to rotate the nask

and the initial saniplagingitievicetss thad kheumasknand gisacand sigpPEte8dde he i on

mller. 35 21. The system according t | Al , r.ein i i ng
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detection signals igstigitdide differd filohh tHefesside; t he exposed portion of the
edge area of the partially mlled sanple, during a m|ling of the exposed

portion of the edge areap@ticiosée fraan aignment) plelesmagkand the partially
milled sample so that the mask masks a masked portion of the
edge area of the partially milled sample while maintaining an
exposed portion of the edge area of the partially milled sample
unmasked;
position the mask and the partially milled sample in front
of the ion miller so that the mask and the second side of the
edge area of the partially milled sample face the ion miller, while
unchanging a spatial relationship between the mask and the
partially milled sample;
wherein the ion miller is further adapted to mill the exposed portion of
the edge area of the partially milled sample while masking the masked portion
by the mask, to provide a milled sample; and
wherein the imaging device is arranged to:
obtain images of the mask and the initial sample during
the alignment of the mask and the initial sample; and
obtain images of the mask and the partially milled sample
during the alignment of the mask and the partially milled sample.
20. The system according to claim 19, manipulator is arranged to rotate the
mask and the initial sample until the mask and the initial sample face the ion

miller.



22. The system according to claim219, wherein the manipulator is arranged
to change a spatial relationship between the mask and the partially mlled
based on thickness feedback information obtained during a mlling of the
edge area of the partially mlled sanple. 23. The system according to
claim 19, conprising wherein the mani pgdator is arranged to change a
spatial relationship between the mask and the partially mlled based on
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optical axis of the |. i devi ce; and position the mask and the
parti al | yafga pidhe %&Q’T‘ﬂlgfjrm&& the ion niller so that the mask and the

second si dg of ThEaeHgR -REERIINY td BRIMANY, icahptising Wwbdreiarthe enanipulatoral
optical axis of thé ion mller. 26. The system accordin tﬂ cl iw 19,
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axis is normal to a milling tool optical axis; and wherein the manipulator is
arranged to rotate the mask and the initial sample until the mask and the initial
sample face the ion miller.
25.  The system according to claim 19, wherein the manipulator is arranged
to: position the mask and the initial sample so that the mask and a first
side of the edge area of the initial sample are normal to an optical axis of the
imaging device,

position the mask and the initial sample in front of an ion miller so that
the mask and the first side of the edge area of the initial sample are normal to
an optical axis of the ion miller;

position the mask and the initial sample in front of the imaging device
so that the mask and a second side of the edge area of the initial sample are
normal to an optical axis of the imaging device; and

position the mask and the partially milled sample in front of the ion
miller so that the mask and the second side of the edge area of the partially
milled sample are normal optical axis of the ion miller.
26. The system according to claim 19, wherein the edge area of the initial

sample has a thickness of at least one micros and wherein the system is



28. The system according to claim19, wherein the ion mller is arranged to
renove the exposed portion of the edge area of the partially mlled sanple.
29. The system according to claim19, conprising a controller that is
arranged to stop a mlling of the edge area of the partially mlled sanple
based on a thickness of the edge area gf the partially mlled sanple. 30.
The system according to claim 29, conprising a transm ssive detector that

is arranged to Si st .in j torg : i f ea of
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conpri si neqge &3 6chkenilledaamipte doeangeexdeedciimanematerar rent out putted by
the transm ssive detector of the imaging device to,
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the mlled sanple masked; position the mask and the mlled sanple
in front afanged tostopid ndling of theaedgehareseefithamartially milledsaginie bgsed he edge

area of the mlled sample face the.i ] ; [ nchangi ng a spati al
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ion mllegpis THE hstentiacadgisy te cbiml 29 heormpisisgd pandmizsivel detbetoedge ar ea
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19, wherejn. [ L evice is an optical device. 34. The system
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32. The system according to claim 19, wherein the manipulator is further
arranged to:
position the mask and the milled sample in front of the imaging
device so that the mask and a first side of an edge area of the milled
sample face the imaging device;
participate in an alignment of the mask and the milled sample so
that the mask masks a masked portion of the edge area of the milled
sample while maintaining an exposed portion of the edge area of the
milled sample unmasked,;
position the mask and the milled sample in front of the ion miller
so that the mask and the first side of the edge area of the milled sample
face the ion miller; while unchanging a spatial relationship between the
mask and the milled sample; and
wherein the ion miller is further arranged to mill the exposed portion of
the edge area of the milled sample while the masked portion is being masked

by the mask, to provide a further milled sample.



36. The system according to claim19, conprising a controller that is
arranged to automatically stop a mlling of the partially mlled sanple
when reaching a desired thickness of the edge area of the partially mlled
sanple. 37. The systemaccording to claim19, wherein the ion mller
differs fromthe imging device. 38. ffie systemaccording to claim 19,
wherein the ion mller is the inmging device.

33. The system according to claim 19, wherein the imaging device is an
optical device.

34. The system according to claim 19, wherein the imaging device is a
scanning electron microscope.

35. The system according to claim 19, comprising a backscattered electron
detector arranged to participate in a monitoring of a progress of a milling of the
initial sample; and a transmissive detector that is arranged to assist in a
monitoring of a completion of a milling of the partially milled sample.

36. The system according to claim 19, comprising a controller that is
arranged to automatically stop a milling of the partially milled sample when
reaching a desired thickness of the edge area of the partially milled sample.
37. The system according to claim 19, wherein the ion miller differs from
the imaging device.

38.  The system according to claim 19, wherein the ion miller is the imaging

device.



