1 METHOD AND SYSTEM FOR PREPARI NG A LAMELLA Rel at ed applications
[1] This application clainms priority fromUS provisional patent serial
nunber 61/361,538, 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 transm ssion el ectron m croscopy.
Background of the invention [3] Transm ssion electron mcroscopy (TEM is
a techni que V‘her%\éﬁ@gﬂﬁﬁfs@é?ﬁwrpﬁﬁ PREPARING WEAMEIIL%!J“ a thin
sanple, interacting w he specinmen as 1t passes through. A high

resol ution imge can be forned fromthe interaction of the el ectrons
transmtt peci nen. The thin sanple can have a thickness of a
feM/nano-ﬁgFQQQQM%PX%H$H§re is a growing need to provide nethods and
systenms for generating thin sanples for Transmn ssion el ectron m croscopy.
Sunmary I[OQP?AE@& apalicatonaclaimsodiriosit feamt KS i prodisiansh Batest kRlidhay be
provi ded G ek Wi i d a
sanpl e; (@$%B§E¥9r%ﬁrﬁ%§'@@btﬁﬁgﬁﬁﬁygﬁ?g?%w@hﬁﬁégﬁgéﬁ&ﬁﬁﬁe?ﬁgggghp ein
front of mifelieimegi Nng device so that the mask and a surface of the sanple
face the imging device; (c) aligning, by the manipul ator, the nmask and the
sanple so that the nmask masks a first masked portion of the sanple while
mai nt ai ni pild ofithé inventieed portion of the sanple unmasked; wherein the
aligning may include obtaining i mages of the mask and the surface of the

sanple, b el magi ng. devi ce; .(d Lt onj Vi i pul t he
mask and ﬁbﬁﬁ sghf)l"g’qrﬁ'oprr&lﬂ%%fté éﬁeﬁ%as rﬁnl%l gf%%@gtfﬁég ??é;%mrggg l?gz&ﬂge t he
surface ofortf2@shaseibe efca®on rﬂic?cb”@dpﬁﬂ mller, while unchanging a spati al
rel ati onship between the mask and the sample; (e) mlling, by the ion
mller, the first exposed portion of the sanple until exposing a first

si dewal | Bgckgﬂ)dmkme ifdrdtiorireski ng the first masked portion by the
mask; (f) positioning, by the manipulator, the mask and the sanple in front
of the io iller sa that the mask nasks ond sked portion of the
sanpl e V\/n{hogl] rrtfarﬂsgi"ﬁ?'ﬂ@ eajeggg%rm'c&?ﬁ??é(dw&%na ggc?wguga\ﬁ%?r@béfnﬂasked;
wher ei n t heapesrBR AL 88 tRATSHIREd TR UGRCA YRR $aapleanBlelactmdwih Ipace
created during the mlling of the first exposed portion of the sanple; (9g)
mlling, ®yeaimeniamitradsses, theavghsebish @spgg@a ipiaae e be forseddmiNe unti |
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portion byampke teskavd B)thickness ola fdy nahe-meterer, matter from both sides of

the lanella; and detaching the lanella fromthe sanple. [ [6],6 The t hod may
i ncl ude ald0dhi hBerepyist Ae GRANINGUINSES ,tOtﬁéOVﬂ%kmsmp%@@ar%ée@% Mat the

mask mask : [Wats hi,e mai ntaining the
second ex%%@%%nggﬁﬁﬁ%ﬁﬁgfg§ﬁgpggh%ﬁgﬁﬁ%hggﬁggﬁq@%@?ﬁ?hbthe al i gni ng may

i ncl ude obtaining i mages of the mask and the surface of the sanple, by the
I magi ng dgvice; and positioning, by the manipulator, the mask and the
sanpl e i n°HPYRE"Hf the ion miller so that the mask and the surface of the

> g{fpwlegnf ?@%&@%ﬂq 'htgeég é@o@irﬁ@ﬁﬂhmgim inVemtisRaki Meth6d akiagnsbi p
provided and may include (é) receiving, by a manipulator, a mask and a
sample; (b) positioning, by the manipulator, the mask and the sample in front
of an imaging device so that the mask and a surface of the sample face the
imaging device; (c) aligning, by the manipulator, the mask and the sample so
that the mask masks a first masked portion of the sample while maintaining a
first exposed portion of the sample unmasked; wherein the aligning may
include obtaining images of the mask and the surface of the sample, by the
imaging device; (d) positioning, by the manipulator, the mask and the sample

in front of an ion miller so that the mask and the surface of the sample face



[7] The mlling of the first exposed portion of the sanple until exposing
the first sidewall of the lanella may be foll owed by rotating the mask so
that the mask masks the second masked portion of the sanple while

mai nt ai ni ng the second exposed portion of the sanple unnmasked. [8] The
mlling of the first exposed portion ofp the sanmple until exposing the first
sidewal | of the lanella may be followed by rotating the sanple so that the
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the sanpl ﬁnag m bR i { B‘Sélltllgnll(ﬁé biﬂ%éfﬁfdﬁnmhbﬂo@ tﬁénﬁésmgnaatter

fromasecon milli by the ion ml
matter frthma $ah’epbe|odmht31f(ﬂhae c;:fn mﬂbrlsa)nﬂalat ﬁ\a/\mals& nrmhsmge@md ﬁm%ﬁda by the

mask. [0010]. The,i m dev ca, axi s I lin
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sanpl e i nghmpl Wimddkedt Ahdrelrd ahe W@étdn@chmeaopamongrﬁd@e inasde ahd t he
sanpl e by the nani pul ator. [0011] The mlling may include nilling while

rotating amelld Bng aspaneapieated Hé”@@tﬂi\@é‘ﬂ”“@ﬁl%f tbﬁ firsleexrases POEPN 9fo012)
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nanonet er or “preparing a be provi

Accor di ngsampan uatibedyasimy aoseddrel sﬂemﬂh@fnthbhlarrwlattenprrmyde adbodaa
mani pul at or, an i magi nghdew ce, anion mlle ﬂg I ar@ 3 extractor. The
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a surface sarrpl ace t I 'magi ng vice; (b) assist in an alignnent
of the masideamjthél&amdrmlaadmtaﬁangttthmlamw ﬁmmktbeaamp@t masked portion of

innaoked: (30 pBereBndriey elide A FE SR BA R Blanind PRk Rei 11 er <o
that the gRsiIARE thae tdimhage nifsksNBesssBrRl ikeRed oriiom ofithbasampiei | e

unchangi ng a spatial relationship between the mask and the sanple. The ion
mi|ler nmayhie manstagmg ttae nsegqonchexposed Roriier edf Hi tSaeler URHAskGhpl e

msked poreeoy e ALOWERICTE ol SR Iaod PR aHsRahdCnE' 15"
posi tion thgag@sds ansl ddmpleanp) eheniriaging dévitée andn positioengs oby hthe the
mask masks a _second nasked portijon of t6h'ahfzarrpl e whijle i nt ai ni n a second

exposed pBraNIRIHat. thee magipard dhersace] i of thiee!ofepd ?Fé%rk%td forti on
may i ncl ugﬁt dkénd ﬁ{@% bifadg ﬁ'lesﬁ‘gﬁlecfa%éttﬁ? iGH! Mk, Wﬁlerﬂﬂdh'aﬂgln%fthbhe Tirst

exposed p lon o e sanp lon mller may be arranged™to: (a) m il
t he secondpabmoslatiopslmplb@rMeén themesskEng thetsampeposi ng a second si dewal |
4 incl he first, and
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The i magi ng device nay be arrangéd to obtain i mages of the mask and the

surface ofmaskemeakpliee dacontymaskedipagtior of the semplerndileanaintaaingaiigl e

[ 0014] The _nmani pul at o a ; (a) assist in the ali gnrrent
of the mgﬁc%rh%gi(%%se a%r?gn%w%%?%[]e H&r@gﬁﬁﬁ%sks t he second masked portion
of the sapg le|rﬁllllﬁy @ﬁt&brﬂr@’geiﬂtﬁseﬂemmdn@*ml@éednw uhtirexplosirfietheanpl e
unmasked; osition the mask and t in front of thﬁ1 ion
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second exposed portion of the sample unmasked.
[009] The removing of the matter from both sides of the lamella may include:
(a) milling, by the ion miller, matter from a first side of the lamella while

masking the lamella by the mask; (b) moving, by the manipulator at least one



[ 0015] The mani pul ator nmay be arranged to rotate the mask so that the mask
masks the second masked portion of the sanple while maintaining the second
exposed portion of the sanple unmasked, after the ion mller exposes the
first sidewall of the lanella. [0016] The mani pul ator nmay be arranged to
rotate the sanple so that the mask masks the second masked portion of the
sanple while nmaintaining the second exposed portion of the sanple unnmasked,

after the jon m ose ) 17] The
ion mll e"r’fl %&ymﬁgkaﬂﬂdeﬁ%eﬁa'§8 en?‘l'({h %rgtt? 3‘1‘9%@4‘4 Iaﬁ?lrag él de o 2 \{thgl a]rrel | a
whi | e t heexpgssingrarit®er tfien |aa$§@idn@, suu@eufeh@ |ar’neuareando(d)ahmmgmy the iam r anged
to nove at | east one of the mask and the sanpl e such mask tBe | anel | a

by the na@lﬂ'e\ﬁkmlaéteéf(ﬁﬁ‘sﬁhﬁgee(@ﬂﬂé'dq phihedametia s 'ﬂésﬁf‘gtth% Ianela PY:  and
wherein ttﬁ%rj{] km ller is further arranged to mlIl matter fromthe second
side of t anella while masking the |anella by the mask. [0018] The

i magi ng d@oi10EThetimagingadedice spticalredis mayabennbrmagtot aasmllmgttpohbptwals The

nani pul at or. be arranged to rotate th k a I f t of
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[ 0020] The i nmagi ng device may be an oplical device. [0021] The | magi ng

devi ce magabépuatanni ng el ectron m croscope 5 [0022] The imagi ng device
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[ 0024] Further details, aspects and enbodi nents of the invention wll be

descri bedl008¢] g distanseubstuesnthye ficstand seeansheidenalls doearmnatisgeedin the
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imaging device, an ion miller and a lamella extractor. The manipulator may be

arranged to: (a) receive a mask and a sample; position the mask and the

sample in front of the imaging device so that the mask and a surface of the

sample face the imaging device; (b) assist in an alignment of the mask and

the sample so that the mask masks a first masked portion of the sample while

maintaining a first exposed portion of the sample unmasked; (c) position the

mask and the sample in front of an ion miller so that the mask and the surface

of the sample face the ion miller, while unchanging a spatial relationship

between the mask and the sample. The ion miller may be arranged to mill the

first exposed portion of the sample until exposing a first sidewall of the

lamella, while masking the first masked portion by the mask. The manipulator

may be further arranged to position the mask and the sample in front of the

ion miller so that the mask masks a second masked portion of the sample

while maintaining a second exposed portion of the sample unmasked; wherein

the second masked portion may include the lamella and a space created

during the milling of the first exposed portion of the sample. The ion miller may

be arranged to: (a) mill the second exposed portion of the sample until

exposing a second sidewall of the lamella to provide a lamella that may



[0026] Figure 2 illustrates a portion of a systemduring a

first mlling

sequence according to an enbodi nent of the invention; [0027] Figure 3
illustrates a portion of a systemduring a second mlling sequence
according to an enbodi nent of the invention; [0028] Figures 4A-4D
illustrate the progress of the mllinggof a sanple according to an
enbodi nent of the invention; [0029] Figure 5 illustrates an ion mller

met hod aclBRaEnETSCHTE Rhadlc REs¥rid M et napgEf ol s o2 22 ©

i 11 ustratesthe ramepuUlTxeolansszoextragot magnbe rdvaigednto détathdheé nametla on;

[0032] Figure 8 illustrates a system according to, an enbodi
i nvent i onflomdbesanrlgufiae gnaging é%ee@aé{%ﬁe?rlﬁ%?ﬁ%gc%
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ed description
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[0015] The manipulator may be arranged to rotate the mask so that the mask

masks the second masked portion of the sample while maintaining

the second

exposed portion of the sample unmasked, after the ion miller exposes the first

sidewall of the lamella.
[0016] The manipulator may be arranged to rotate the sample

so that the

mask masks the second masked portion of the sample while maintaining the

second exposed portion of the sample unmasked, after the ion mil
the first sidewall of the lamella.

[0017] The ion miller may be arranged to mill matter from a first

ler exposes

side of the

famella while the mask masks the lamella; wherein the manipulator may be

arranged to move at least one of the mask and the sample such

the lamella by the mask while exposing matter from a second

as to mask

side of the

lamella; and wherein the ion miller is further arranged to mill matter from the

second side of the lamella while masking the lamella by the mask.

[0018] The imaging device optical axis is normal to a milling tool optical axis.

The manipulator may be arranged to rotate the mask and the sample in front

of the ion miller.

[0019] The ion miller may be arranged to mill the sample while rotating a

milling beam about the optical axis of the ion miller.
[0020] The imaging device may be an optical device.

[0021] The imaging device may be scanning electron microscope.



[ 0037] The specification refers to rotating operations. It is noted that
the rotating can be replaced by any set of novenents that provides the sane
effect. [0038] A nethod is provided and is illustrated in figure 6. [0039]
The met hod 600 may include: a. Receiving or generating (stage 610) a nmask,
the mask may be manufactured by mcro-gleaving to provide a highly accurate
mask or receiving such a mask. b. Receiving or generating (stage 620) an

Provi di ngCORELIS @385 er A HRE £y 8. B8RP ofal el AR Bna 4, 4

Al'i gni ng é@drﬁ@ﬁg 61kRiroh Meicroagispend the initial sarrpl e by using a mani puI at or
and view n
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mask and ﬁ&ee%c@bﬁ 5 namLer@bout a first axis while maintaining the
al i gnnment hat the nask and initial sanple face an ion mller. 7 f.

Performng (stage 660) a first mlling sequence that includes renoving
matter (the renoved nmatter forns a space that is denoted 22 in figures

4a-4d) fr me?pgaébgﬁoﬂf fatﬂeadr%%gmgsnm ed 25 in figure 4a) that includes the
0

Iarrella( en |gure o provide a partially mlled sanple. g.
Rotating (stage 670) the partially mlled sanple about a second_ axis (or

ot her wi se[O@RéﬁE;urrt@ert H@tay\@atasmect%wm 6ﬁmdp'nsat&m@érth?h@\'ﬁﬁ§<kn Ml be
o the. ay SEbcsbRS, T97ReE o pRaiBle BV YL reBreS o o SHBRRRSL I gener =i ce
Per f or m nara(vxﬂhgaehl@%faeswmmml arg useqummherttiﬁpthkenor \fdestianaltpvi ng
matter fromthe other (now expose ide of th rea b elon mller
40 to gendiHiPe Qlements. |l§¥$§l\€rr§ on, %Renig\"@t%@&’d "ﬁ’hﬁr@iﬁ?d% r%mB Id¥a@Bdthat is
S50k 28l SAgHasandenAoch BBk ) 0, 050) 1L Ler {fom both of des
[0025] Figure 1 illustrates a portion of a system during an alignment stage
according to an embodiment of the invention;
[0026] Figure 2 illustrates a portion of a system during a first milling sequence
according to an embodiment of the invention;
[0027] Figure 3 illustrates a portion of a system during a second milling
sequence according to an embodiment of the invention;
[0028] Figures 4A-4D illustrate the progress of the milling of a sample
according to an embodiment of the invention;
[0029] Figure 5 illustrates an ion miller according to an embodiment of the
invention;
[0030] Figure 6 illustrates a method according to an embodiment of the
invention;
[0031] Figures 7A-7E illustrates a manipulator according to an embodiment of
the invention;
[0032] Figure 8 illustrates a system according to an embodiment of the
invention;
[0033] Figure 9 illustrates a method according to an embodiment of the
invention; and
[0034] Figures 10A-10D illustrate air lock assemblies according to various

embodiments of the invention.



. Detaching (stage 700) the lamella 27. [0040] Yet according to another
enbodi nent of the invention nmethod 900 (of figure 9) is provided and may

i nclude the foll owi ng stages: a. Stage 910 of receiving, by a nmanipul ator,
a mask and a sanple. b. Stage 912 of positioning, by the manipul ator, the
mask and the sanple in front of an imag ng device so that the mask and a
surface of the sanple face the inmaging device. c. Stage 914 of aligning, by

t he mani py! t.r . |l e so that the mask masks a first
masked pgﬁ?ﬁd% ‘i‘%ﬁﬁ‘%ﬁﬁ?gﬂﬁﬁp e Intaining a first exposed portion of

t he sanpl [@o@aralsgefdregﬂmg aand)rother idbgﬂonsieﬁaamhrteai ranty advagtegesf of ke mask and
the surface of the sanple, by the inagin ice. d St e91$ o'fI

posi ti oni PgSEBY ‘@\f%\t'ﬁﬁnv"ﬂblb&%me m%renﬁlggar frema g‘b?ng?@g’\"ﬂgf efileds an ion
mller So%ém&tlﬁn%vmék@ﬁqn%ﬁ u%‘é’hf:ﬁ%trplfhetéh%oﬁm vhd @&iRge [hQRem | | er,

whi | e unchanging a spatia rela 1onship between the mask and the sanple. 8
e. Stage &rbSvings, rslrhllam@fedeylctEMarantem demate sirhidarfelegentsiiusegh@dthe on of

t he sanplgﬁ%ntll exposing a first sidewall of the lanella, while masking
the first ‘tion by the mask. f. Stage 920 of aligning, by the

mani pul at @36} Bécé’{?s%‘(trﬁanﬂméﬂéte%a@mb@dﬁ@eﬁtéaﬁ thE@ragent ineekisort hraysfeeond
masked portion of the sanple | e mai ntaining the second exposed _portion

of the safhsl mQﬁ’ima%fkebe rrm@lemartgeﬁ! ngslm@yeleﬁmma@%p@nentﬁgan%@gltéf t he

mask and { he { nd
masked polfrf(?%rilf @g?e%gfﬂdégqrt] E@g@a{?ﬁeﬁ?gns G’ﬁ' g%géac%g( pﬁaﬁ?é%c? aﬁgeqrégfé? he
mlling oéxtbhmrfanrmtat espsidertdonsdassanpforithe undepstandigg a%tda@;mr@@@hoth

posi ti oni t he mani pul ator, the nask and the sarTHI ein fron of the

ion mll e@PWI@QﬂﬁWH&wﬁpﬁgeP%eogﬁﬁ?l Biesent ARYesHioni AnBelMnWOEIe HQ f@sk and
the sanpl §bftuﬁcat§t géf m fd éd&ﬂmd&yofttﬁg%@%rg‘lﬂ\}é?ﬁlont he second exposed

portion o e sa unti | exposinga seco of the lanella to
provi de a[d0&7eTha $¢mflcrabmfpr refess ﬁdnerolatmg oaadatmeoritj isinded! that thei | e

king th d masked portion by t i .Stage 9 ing, b
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i nclude: dffedfbsking the lanella while exposing one side of the |anella.

[0038] A method is provided and is illustrated in figure 6.
[0039] The method 600 may include:

a. Receiving or generating (stage 610) a mask, the mask may be
manufactured by micro-cleaving to provide a highly accurate mask
or receiving such a mask.

b. Receiving or generating (stage 620) an initial sample that should
be milled to provide a milled sample.,

c. Providing (stage 630) the mask and the initial sample to a
manipulator.

d. Aligning (stage 640) the mask and the initial sample by using a
manipulator and viewing the alignment process by a scanning
electron microscope, an optical microscope or a combination
thereof.

e. Rotating (stage 650) the mask and the initial sample about a first
axis while maintaining the alignment so that the mask and initial

sample face an ion miller.



2. MIling the matter fromthat side of the lanella. 3. Masking the lanella
whi | e exposing a second side of the lanella. and 4. MIling the matter from
the second side of the lanmella. j. Stage 928 of detaching the lanella from
the sanple. [0041] Referring to figures 1-3 and 8, the system 10 i ncl udes:
a. A manipulator 100 (that includes nmultiple manipulating el ements such as
mask angul ar stage 101, sanple angular stage 102). 9 b. An imaging device

such as a scannicn C ' X I

obj ective | ens §0%%ﬁ%ﬁé§e@%§%w E ﬁ'leslt?e@ymrd]%fqhggﬁfd@tggéﬁgyagi as well
as an el ectron souegfovigl Emtatt@lﬂ (mﬁ lremoaed nidtter foomsomespace Hhvt ey be

I ncl uded in a SEM col um 35) ion.mller

.od. A f
control I'ing the sydgnaied ?60@'9”&?06@‘&?%&%05% S&%@Sﬁ’?@ﬁ%‘o&e Mé?gfemo:my
al so incl ude COITpQHgW 51%?'fhé’tslnéluwéglfHé”IéMéﬁé?S@%te@ 278iRUHTre RyyRS T

optical m croscope anti-vibration system?9 base 96, air-Ilock 1300
base plate 98. Thepnomuietmamtmhytmﬂd@d samiplales vari ous conponents (sonme are

skt e i SR d 0ot A7) HBARRG, Fiod b by E " 01
can be manufactur %u@)(offbﬂ{éhﬁéeeéﬁélﬁ@néqwr@étﬁﬁ rélatibggHiy Reweeattre mask. | f
the system generates the mask 50 then It includes a mcro-cleaving unit
(not shown). mask and the partially milled sample by a manipulator) in order%o
expose the other side of the area 25 of the partially milled sample
to the ion miller.
h. Performing (stage 680) a second milling sequence that includes
removing matter from the other (now exposed) side of the area 25
by the ion miller 40 to generate a thin lamella 27, the removed
matter forms a space that is denoted 22 in figures 4a-4d.
i. Removing (stage 690) matter from both sides of the lamella 27
and thereby forming smaller spaces 24 and 26.
j. Detaching (stage 700) the lamella 27.
[0040] Yet according to another embodiment of the invention method 900 (of
figure 9) is provided and may include the following stages:

a. Stage 910 of receiving, by a manipulator, a mask and a sample.

b. Stage 912 of positioning, by the manipulator, the mask and the
sample in front of an imaging device so that the mask and a
surface of the sample face the imaging device.

c. Stage 914 of aligning, by the manipulator, the mask and the
sample so that the mask masks a first masked portion of the
sample while maintaining a first exposed portion of the sample
unmasked. The aligning includes obtaining images of the mask
and the surface of the sample, by the imaging device.

d. Stage 916 of positioning, by the manipulator, the mask and the
sample in front of an ion miller so that the mask and the surface
of the sample face the ion miller, while unchanging a spatial

relationship between the mask and the sample.



[0044] Figures 7A-7E illustrate a mani pul ator 100 according to various
enbodi nent of the invention. Figure 7Ais a front view of the mani pul at or
100, figure 7B is a top view of the mani pulator 100, figure 7Cis a side
view of the manipul ator 100 and figures 7D and 7E are three-di nensi onal
views of various mani pulators 100, all gaccording to an enbodi nent of the
i nvention. [0045] The mani pul ator 100 includes two separate subunits 110

and 120 both | ocate e i ] i ge 130
is separated by 261‘1dgi[oag%e%eéc]%@”réﬁ%?ﬁr%g%zﬁﬁnéé?g%pﬁ.éiioo%gi%r'ﬁgﬁsecond
subunit 120 may maenbptheasamplecursimxpesiagd fitst sidestalboidthedpntedlaewkileY, Z and
O stages. In figure 6 these stages are denoted as fqgllows : X-stage 100(1),
Y- stage 100(2), Z-smi"ég'“ﬂdb?éNStgﬂas@iP%'g'Qnng(‘G)maT%OM] The first subunit
110 may mani pul age I feangsniphitcTPahd alnakr! &id qpghi p

bet ween t he masktfanﬁtbfgnez%hg?%gqm?’gyexanpl e I%l;/ rm\Bi ng the mask in

rel ation to any noveampte sotthatdtheemhask masks i aecenthmaskedaoortion afs not ed

t hat h of th K d | b dDb - j h
move | relation toMExeAMBE RIS A et agd e Serend SRaoast petelor8a s, age
130. [0048] The firsgimplduinbsidd TRYalpify thayYinclddabtéinkigapemeslai ei t her

one of figures 6 and 9 these stages are denoted as foll ows: X-stage
100(11), Y-stage (ntte swstkand thessutpcelefothe)saraplg, by dhegeaging(dgVvics.0049]
The second subunit i t e | woyl at e

t echnol ogi cal accesiégi g{yosnﬁh%%ﬁegagé,rﬁo@al i or g?(?ﬁge pniﬁét %,n?%%g%?gr gs,

target for depositi gpags eredt®®iringhidef milkng ofitaifirstldxpased pertionva t he
sanpl e or technol ogical accessories froma sanple holder (also referred to
as shuttle 103). Ththe&$amelee 103 may be transferred until it is positioned
on the sampl e angyl atagd 698 of BOLiloningD By lthe IMBNBLALEE 1AE magnBRGIAE bet ween
structural elenents s as plates, Deams, rails, guidelines and the |ike
denoted 101(1) - 10&ample [r00ER diether mnngiler Whilerunchanging Heasnatiegl

el ectron m croscope, using.detector,32 and/or, .34 is used to nonitor an

al i gnment  process b@'@_ﬁ@ﬁ%geﬁ’mqq _@Ie @Q%Pgdﬁeﬁﬂﬁ‘pﬁﬁe mask 50. [0053] The
al i gnment process, MBYadd'gbAde nfllihgNibyd théeioRtskill) thed skbend nexpodledsanpl e
21 so that they are parallel to each other (both can be horizontal or be
posi ti oned on any ophgionehife sagmde tuidil exgesivg @ Heceadksidewpl gfodet i oned

directly above an i L na If 1 : | K Wl dge of
the initial sanple %@P’} é&r/ptdé/?(ﬁegg&ghegg%ﬁflg%ﬁgégs?ﬁg f'%qlalrﬁ:dn%&s?)gguence.
This i magi nary |inesilawaie, hatliet eshskinyg niae osgeionds nfastied aporione by othet he

mlled sanple 21. Axis 55 illustrates that the mask is horizontal at the

end of the ali gnrrenfn%ﬁkocess. The distance (D 23) between a trajectory of
the edge 53 of Lhe B 5%%%‘réerﬂg\iiﬁgg%%lztﬁe%iIIEP,em'a&bF fi3n BBfPspeslond the

center 22 of the init ew nano- net ers. is about a half
of the final thicknésslaoiellh@hrireiedirgpogn ecide: [ 0054] Once the al i gnnent

process ends the mask 50,and.the injti S le 21 are rotated (by the main
rotating stage 130) abﬁuﬁ%%’%ﬁge(m%la tvﬂgpe)@égpgmngyg \ﬂ%%l é)? nt ai ni ng

the alignment so that thgmagk 50 and initial sanple 21 face the ion mller

40.
2. Milling the matter from that side of the lamella.

3. Masking the lamella while exposing a second side of the
lamella. and
4. Milling the matter from the second side of the lamelia.
j. Stage 928 of detaching the lamella from the sample.
[0041] Referring to figures 1-3 and 8, the system 10 includes:
a. A manipulator 100 (that includes multiple manipulating elements

such as mask angular stage 101, sample angular stage 102).



11 [0055] Figure 2 illustrates that the ion mller 40 can performa first
mlling sequence that includes renoving matter (the renoved natter forns a
space that is denoted 22 in figures 4a-4d) fromone side of an area 25 that
includes the lanella (denoted 27 in figure 4d). The first m|ling sequence
may expose a first sidewall of the langlla. [0056] The first mlling
sequence can include renoving matter by a dual deflection while observing

the mlling by {he, scanni.n | ect ron,m_crQs L usi tec and/ or
3ay. he { on beBm > BIPUNE FrTLr Ry @n doecatnde pag i AitRRRg. ¥

pl ane, but this iS(iﬁmdiﬁg,cms%aémgle,wolﬁjée@a leAbt30, BSEe déteckdr 38,ISE ng
sequence ends the mani pulator 100 can change the spatial relationship
between the mask Sietepteride pEM idetesionidd ag Welphe I eRGION &QUIS e- by
rotating the parti il L ' - ax| i er, 40 expose
t he ot her side of ?a}%%ﬁl%#"gghg% a@?%gr %éﬂp?’?%wys ?nq%lrgéy?aerr%]:ala&{eﬁa? ?ncl udes
the final sanple tSEWMhelimm 38)l | er 40. [0058] Figure 3 illustrates a second
mlling sequence that inc|ludes renoving matter fromthe other (now exposed)
side of the are& (AR &P de a thin lanella 27, the renoved matter
forns a space thatai ' il ld. The first mlling
sequence may ex%bs%cgnggﬁ%ﬁn%ﬂfsoi% g\t\‘gﬂ“hg:‘{ﬁ?ﬁgéﬁ@gﬂml | a. [0059] Thus, the
first and0Sd2phAdcariing rig mrocemsbedinientmo theresysdemhdanaym@lse iRellde| vel y

long (in relation to its thickness nd st [.de t hat be
paral | el ?WB%‘FPW&W. aB i &GFYAM: £¥§?We5§e@oﬁ%®'ﬁlﬁ¥@§§%qggn8 o si des
of the | amplrbdcaee 98t bhti-visranes tssetdrd ddheasat 98! airiiédk $800 obasts pidte These
si des can be disconnected by a shorter mlling sequence in_which fewer

mat t er i s98.cHs o beare unitrdl/lciusies eEions geMpINedts Same areilertrated Bt - as

t he accur foam | i ; luia 1s of |ess
signifi caﬁqc.regégg%d Iigfsgéha%r%??e %M'ié‘qfﬁ?nzg%%‘f Qﬁslélgggbg?ed by the mask
then it n@p4BNThe dysteh 10changjengrateeorsieativel a nedskt 5@nEie paskt cwrehet he mask
and the mlled sanple to,exp?se,a first ﬁr ea é.dﬁpot ed 24 in fki g'ﬁ;{-ﬁ 3c) near
one si de BRNUFACtYrEREPY Anigiacleaying it | ProYidRe 8t RGN, aPhWalR PasK- ¢ hdhe
surrounds I ae (hd ) maki 14 ' emidre- drike (sdtde of

t he | anel ?%ﬁérpog]g{%%@en%gt?éermtgl]élﬂétad;g{}érrgﬁtngdglﬁﬁesaléaﬁé(}rlgaf’@%w) (':hgngi ng the
spatial rehawmponship between the mask and the mlled 12 sanple to expose a

second ar r another_ side of the |anel t i.S i 0 d to the
matt er th@?"*gﬁﬁg&ms%ﬂﬁ I'ﬂ%fﬁtﬁ; a(iM§NIRY a??rng%tbheacgét%héi g)r ggﬁ@i'gnot ed 26
in figuresdphdirestedrant ibvntRnh eigurt 7R Rfa frbat Viewedd taefmanipulzeomtag,er t hat
surrounds the lanella. [0062] The system 10 can include a retractable BSE

d_elt F_ct or, figuhr_SE7BIéQ edoprview of toemanibviatn 1¢brfigyre 7Buisi dgidenyiewL! then
ncconpti meaEhe 0 A oS Gl ot oS ERYIMRRRRRE Sl of | |

figure 2 asridiel manipetatbes10e nebadcordiegrolan ernboeisnarft of tiee mveation.ve | ens 30.
[0063] It is noted that the numnber of detectors, theisr kgcati%, ttP\e types
of det ect 1045hhhemanipuiaber 10 INeiides o seraratrpubynjis 1 HL apd) 12000 e ¢

S ze and RIARE ofi A nfiid Eﬁétiﬁ%%@ﬁ%ﬁg?‘ﬁg@'{gﬁdﬁhbLb'ié%é‘ﬁ@@ i8Rep8ratb 264

Referring to t1gure b5, soreferred to as i1on

sput t eri ngnd pewemnpd barengines t3@(1j el 130 )ng capabilities and degrees of
freedom (] { de ran of i ner control ..to allpw gujck renoval
to int enswey\_ﬁgeﬁeﬁeagssu&ém&glz ragg Ipylafs e ?@nﬂﬁd@ﬂf _ep?"%l(é?dhi ghest
level of thg hhvelx avald tido§ sadéLahefigient!theséidtaged e idumoted raent

density for "short process duration. |i|% Control of ion current uniformty
al ong beafallomsssXssage IR0, Yreteped 00(R); éretnge dPDraNc? stagsatRf(@). (i v)

avoi & ser REGIREENBSuRl 140 Todf ARNBURIE IR Sabico PRTPR R RS e ©
shape andspafift fctatiirevipgldetaeerttheomaskpand athieossmatel -t éohesbogicdy nodes.

vi) Beam pulsating for uniformty of sanple treatnent.
(vi) m%ving the gnask in relation to ayny movermpent introducednby the second sub-

unit 120. It is noted that each of the mask and sample can be moved by sub-



(v) Beam accurate positioning to provide specific area of a sanple
treatnent. (vi) Beam scanning in orthogonal directions for uniformty of
sanple treatnent. (vii) Eu-centric beamrotation around area of interest
for uniformty of sanple treatnent. [0065] The ion sputtering system 40 nay
include: (i) Duoplasmatron ion source {@ ignite the plasma, (ii) Beam
formation nodule to extract and collect Xe+ ion beamfromthe plasma, (iii)

Fi nal Optl{)ﬁgsy %@ﬁﬁtc;é% rﬁgge errglg iof ?@eg I’:?‘@tﬁé)r é)dpé’t §H§r@ts‘?£'% SaipliLas (1 V) Xe

gas suppl an autorra rvery of tTonstant and
speci f i edropatRSstage 1(30) Leak-val ve t hat pr OVI des automati c supply of

t t to the | for pl d
on' beam RORRAT noirstarblw: 11 Rote s Sartt BB FesgpiT EEeLORF &T1 de
aut omat i ¢ @Pr@&ré)'anaf tth@sé %@aﬁ Iaéégbﬂetew%ﬁfmlo\LQOGﬁJstfgéﬁqoomm ting

exanpl e of| an ion m IS S patent application publication
serial nusthge (ﬁmmszaﬂaget’lOO(Q)dahd]Grsiag%dOMﬁ)t| -Defl ected | on Beam

whi ch s 10281 BB aesantle s Wby 2Pyl bl eis neaai i, i TRy 150r s
10A- 10D, §Bfipt; étbe%aﬂ#‘ol@dgca! radceekorlePOsudh G048 embRR, | Galbratiiienpibte; Cross

section of a 'air lock 1300 and wall 91(1) of a vacuum chanber 91 according
to an enbapentwes, @rgetfer depesitionaic.[ 0068] Fi gure 10B is a top view of a air

enboai meri0GPY T8 Pl oRIRE: “HECMhe GRRY | B ARRen ORI ¢ (e

sanpl e suggsyssefedyrohha shessle holderdalss referasdeid aS)sImhtde\A&)rSl)lu'Fhe:blaluMer 91.
[ 0069] Fi gure 10C is a cross sectional view of ai er?Ck 13 0 a vacuum

chanber 91082 healiapafestast unbb itaBcBRHNIPREY ONal% 8 r $tage

i nvention, (In ure 10C illustrates the air |ock before the sarrpl e supported
by the feedl g rod is entered to the vacuum chanber 91. [0070] Figure 10D
is a cros[$)0§é§:1fhersﬁgesiammnrmc$éd betredent SOGtueal \edeynaniscsuntbas ptesind a

| at 100 h tion. Fi 10D
11 St at BeaTReralbr StiGe e gt e e ad B e d 0BT he T eedi ng rod s
posi ti Oneﬁ)O'SQ] R@ﬁerﬁﬁ@‘!b'rf'gﬁF@ﬁbﬁfe 8danrifg éldctroremadrosdsek ubPdéteredri on s

to allow loading / unloading into the vacuum chanber (denot ed 91 |n figure

10) nuner 3sargHepi3dsisadged dehmonigr @al akigiyaerlbpresessuediwesnnthsk initial

2"Vacuum SHEREH a8 RS0, "2 1 ook 1360 1 el udes: oo N9 O
[0053] The alignment process may include aligning the mask 50 and the initial
sample 21 so that they are parallel to each other (both can be horizontal or be
positioned on any other manner) and the edge 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. Axis 55 illustrates that the mask 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 21".
[0054] Once the alignment process ends the mask 50 and the initial sample 21
are rotated (by the main rotating stage 130) about an axis (about the X axis
121), while maintaining the alignment so that the mask 50 and initial sample

21 face the ion miller 40.



a. A loading opening 1310 with a sliding sealing cover 1320 onto nain
housi ng 1330 for |oading / unloading sanpl es and technol ogi cal accessories
onto / fromthe feeding system (and fromonto a vacuum chanber t hat
surrounds the manipulator). b. A feeding systemthat includes a feeding rod
1305 that allows loading into the vacuym chanber 3-5 sanpl es and
technol ogi cal 14 accessories such as mask, calibrating plate, apertures

deposi ti O[{%O%% lgﬁhge :Zcé@f's fay H?aqha I ’PﬁalmnYeer“&d) arCh ﬁbfml ch|fst t erface

part (dru ng ro ave nurrer ous ove tai unt| ng

on it stagstplghcehtibt irelwdes swmoviagmatteo(tha réemhedlmgite:aformcaspacg The
Feeding rod 1305 can rotate about axi s and can |1y or

a notor. atis denetedrd2 Waﬁ'%e§§§04@bfsr%me%§'d\?e‘?ftq%Grecﬂ‘ng%lﬁléafv'a E'aﬁ'?chanber
duri ng IoggI |§914||a‘{859@t@6"5[@0®3@r8§10§”ﬁhé %Fémhmg SRjuehEE MHPEKESsORt 0 /

fromthe I Nng syste The air |ock Ois proxinate to an
openi ng i first bmlevmllllof@l‘le{ Bmelfa.t he vacuum chanber 91 such that when the

hut - of f 3 d the feedi d 1305.

chamber ol 0RAATaS ot MGt Revvrres o S soryet AR by anmer
91. The Ajend@ion WAR cftﬁér\ﬁﬁ@etﬁéaﬂnilwnd ®ydined seaen n%%lé@tm@mcﬂ)’stopacuurfed
before the feeding rod 1305 enters the vacuum cha When t he shut-off

val ve 135(using cleteatorst 82 and/or 3di. TBeoionsbearn| 44 anth§ rlaTefO 198 PBr event s
gases to er a e puI ator 100 can
I ncl ude tﬁ%ﬁq%‘?ﬁg ﬁh ﬁ\g@f@%ﬁ%dhﬂﬁ@s '[‘agﬁag}]&ég%%r{ g characterized by the

f ol I owi ng[opa7aARELHSS fitsdMifiingVeédquerieatnds thsd mlﬂlﬂ@torﬁmmaanrchtaylge Pi ezo

not or Actuati on nodes: stepping & scanning Stroke: mn ees xi mal
speed: 10 thegsratial selplianship %W@P@rtﬁ?lfﬁﬁsﬁéﬁoa'ﬁtg?ee%ﬁ@%i mﬁlgd sample

21' (for example- by rotating the partially milled sample 21' about a X-axis) in
order to expose the other side of the area 25 of the partially milled sample that
includes the final sample to the ion miller 40.

[0058] Figure 3 illustrates a second milling sequence that includes removing
matter from the other (now exposed) side of the area (25) to provide a thin
lamella 27, the removed matter forms a space that is denoted 23 in figures 4b-
4d. The first milling sequence may expose a second sidewall of the lamella.
[0059] Thus, the first and second milling processed form a lamella that may be
relatively long (in relation to its thickness) and has two sidewalls that may be
parallel to each other.

[0060] After the second milling sequence two sides of the lamella are still
connected to the matter that surrounds it. These sides can be disconnected by
a shorter milling sequence in which fewer matter is removed. The removal can
be made while using a mask or not — as the accuracy of milling of these two
sides of the lamella is of less significant.

[0061] For example, if the removal is assisted by the mask then it may include:
(i) changing the spatial relationship between the mask and the milled sample
to expose a first area (denoted 24 in figure 3c) near one side of the lamella
that is still connected to the matter that surrounds the lamella; (i) milling the
first area to detach the side of the lamella from the matter that surrounds the

lamella; (iii) changing the spatial relationship between the mask and the milled



Positioning accuracy with encoder closed | oop: 150 m Resol ution: 50 m crons

[ 0076]

Maxi mal

First sub-unit 110: X-axis 100(1) Actuator type:Piezo notor
Act uati on nodes: stepping & scanning Stroke: 30 nm Maxi mal

speed: 5 M s

15

accel eration: 1000 nm s*2 Positioning accuracy with encoder closed
| oop: 1000 nm Resol ution:1 nm Y-axis 100f2)

sample to expose a second area near another side of the lamella that is still
connected to the matter that surrounds the lamella; (iv) milling the second
area (denoted 26 in figure 4c) to detach the other side of the lamella from the
matter that surrounds the lamella.

[0062] 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.

[0063] 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.

[0064] Referring to figure 5, the ion miller 40 (also referred to as ion sputtering
system) can have the following capabilities and degrees of freedom: (i) 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. (ii) High ion current density for short process duration. (iii)
Control of ion current uniformity along beam cross section to provide uniform
treatment of a sample. (iv) Variable incidence angle of the beam relatively to
the sample surface to avoid selective milling of the sample surface. (v) Control
of the beam shape and size to provide variety of applications and
technological modes. (vi) Beam pulsating for uniformity of sample treatment.
(v) Beam accurate positioning to provide specific area of a sample treatment.
(vi) Beam scanning in orthogonal directions for uniformity of sample treatment.
(vii) Eu-centric beam rotation around area of interest for uniformity of sample
treatment.

[0065] The ion sputtering system 40 may include: (i) Duoplasmatron ion
source to ignite the plasma, (ii) Beam formation module to extract and collect
Xe+ ion beam from the plasma, (iii) Final optics to focus and direct ion beam
toward a treated sample, (iv) Xe gas supply system to provide an automatic
gas delivery of constant and specified pressure, (v) Leak-valve that provides

automatic supply of metering amount of the gas into the ion source for plasma



Actuat or type: Pi ezo notor Actuation nodes: stepping & scanni ng Stroke: 25 nm
Maxi mal speed: 10 mmis Maxi mal accel eration: 1000 nm s”2 Positioni ng accuracy
wi th encoder closed | oop: 1000 nm Resolution:1 nm Z-axis 100 (3) Actuator
type: Pi ezo notor Actuation nodes: steppi ng & scanni ng Stroke: 30 nm Maxi nal
speed: 5 nmi's Maxi mal accel eration: 1000y4m s*2 Positioning accuracy wth
encoder cl osed | oop: 1000 nm

ignition and ion beam formation, and (vi) Electronics and power supplies to
provide automatic control of the ion sputtering system.

[0066]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.

[0067] Referring to figures 10A-10D, the system has an air-lock 1300. Figure
10A 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.

[0068] Figure 10B 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 10B
illustrates the air lock before the sample supported by the feeding rod is
entered to the vacuum chamber 91.

[0069] Figure 10C 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 10C illustrates the air lock before the sample supported by
the feeding rod is entered to the vacuum chamber 91.

[0070] Figure 10D 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 10D illustrates the air lock when the sample supported by the
feeding rod is positioned in the vacuum chamber 91.

[0071] 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.

[0072] 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



Resolution:1 nmO-axis (may have no thru-hole in the axis) 100(5) Actuator
type: Pi ezo notor Actuation nodes: stepping & scanni ng Stroke: 360 degrees
Maxi mal speed: 45 degrees/s Maxi mal accel eration: 1000 degrees/ s"2

Posi tioning accuracy with encoder closed | oop:500 m Resol ution: 100 p [0077]
Second sub-unit 120: X-axis 100(11) Acfjgpator type: Piezo notor Actuation
nodes: st eppi ng & scanni ng Stroke: 30 mm

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.
[0073] 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.
[0074] The manipulator 100 can include the following stages and these stages
can be characterized by the following parameters:

[0075] Main rotating stage 130:

Actuator type:
Actuation modes:
Stroke:

Maximal speed:

Maximal acceleration:

Positioning accuracy with encoder closed loop:

Resolution:

[0076] 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



16 Maxi mal speed:5 nm's Maxi mal accel eration: 1000 mm s"2 Positioning
accuracy with encoder closed |oop: 1000 nm Resol ution:1 nm Y-axis (not
shown) 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 closed | oop: 1000 nm Resol ution:1 nm

Maximal acceleration:

1000 mm/s”2

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

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

Actuator type: Piezo motor
Actuation modes: stepping & scanning
Stroke: 360 degrees
Maximal speed: 45 degrees/s
Maximal acceleration: 1000 degrees/s"2
Positioning accuracy with encoder closed loop: 500 m°

Resolution: 100 p°

[0077] Second sub-unit 120:

X-axis 100(11)

Actuator type: Piezo motor

Actuation modes:
Stroke:

stepping & scanning
30 mm



Z-axis 100(9) Actuator type:Piezo notor Actuation nodes:stepping & scanning
Stroke: 30 nm Maxi mal speed:5 ms Maxi mal accel eration: 1000 mmi s"2
Positioning accuracy with encoder closed | oop: 1000 nm Resol ution: 1 nm
R-axis 100(8) Actuator type: Piezo notor Actuation nodes: stepping & scanning
Stroke: 360 degrees Maxi mal speed: 45 deggees/s Maxi mal accel eration: 1000
degrees/ s™2

Maximal speed: 5 mm/s
Maximal acceleration: 1000 mm/s"2
Positioning accuracy with encoder closed loop: 1000 nm
Resolution: 1 nm

Y-axis (not shown)

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(9)

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

R-axis 100(8)

Actuator type: Piezo motor

Actuation modes:
Stroke:
Maximal speed:

Maximal acceleration:

Positioning accuracy with encoder closed loop:

Resolution:

stepping & scanning
360 degrees

45 degrees/s

1000 degrees/s"2
250 m°

150 p°

[0078] 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



Posi tioning accuracy with encoder closed |oop: 250 m Resol ution: 150 p [0078]
Referring to figures 1 and 5, the initial sanple and the mlled sanple can
be characterized by the follow ng paraneters: |nput sanple thickness20-30
mcrons M Il ed sanpl e thicknessl0-50 nm 17 Thickness variation in area of
I nt er est <5nm Thi nned area around targefyfeature (area of interest)

Thi ckness <50 nml0 X 5 p Thi ckness <100 nnB0 X 10 p Thi ckness <200 nnl100 X

15 p LocaphzRhb v Qlatiitit otba of bt 5- 10 nm Artitaghs | evel

Thinned area around target feature (area of interest)

Thickness <560 nm 10X5yp

Thickness <100 nm 30 X10yp

Thickness <200 nm 100 X15
Localization of area of interest 5-10 nm

Artifacts level

Amorphisation <1 nm
Point defects <1nm
Xe contamination <10°%

[0079] 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.

[0080] 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.



Anor phi sati on<l nm Poi nt defects<lnm Xe contam nation [0079] The present

I nvention can be practiced by enpl oyi ng conventional tools, nethodol ogy and
conmponents. Accordingly, the details of such tools, conponent and

met hodol ogy are not set forth herein in detail. In the previous
descriptions, nunerous specific detailggare set forth, in order to provide
a thorough understanding of the present invention. However, it should be
recognizaﬁgiggk t,he present invention mght be practiced w thout resorting
to the deta Q%ecifically set forth. [0080] Only exenplary enbodi nents of
t he present inyention_.and but. a few exanppl es,of, It satility are shown
and descri-bed g 835?%8@99”89&@8@?& elrtnepkoq%orﬁgxg%sderstood that the
present i nventjQBijisy AP iRllatesa askadnPasafipher conbi nations and

envi ronnment s a? epgﬁ%apabﬁgﬁygjchanges or nndifiggfions Wi thin the scope of

the inventive positepngaby themasdudaies:tbermask gngetheisamale in KoRkehaa f or
i Ng. l. || th th ' X |Vl | tor,
sk and magiff Pevite sohal BT RMA S§Tace BF M cdifpie Mo tfipihabibg! 00, &

sanpl e i ngéyiggt of an imaging device so that the nask and a surface of the

sanpl e face the inmaging device; al i gni png, by the ni pul ator, the
mask and t he s&lﬂﬁﬂ"égshygw?dﬁaf"rﬁ’é”%%Iihﬁrﬁi‘?%‘g%[‘cpﬁ\esﬁg/rﬂ@?k%n%ﬁhﬂﬁ Bﬁsgf t he

sanpl e whi| | AL.alni L il - § 3indtl Spdsgasked;
wherein t'b?g%g igﬂ{sggmc%%raplirgéﬁt&g?ﬁ%?n l?%mglggﬂgﬁ?lﬁre@msk anc?é?he surface
of the sappitien blytHensampiegiumnaikedcevherein the pbghing oenmprisasy obtaining
mani pul ator, the sk and e sanple in front, of an ion.mller so that the
mask and ¥PREes P §én%$ak ?'H‘é:gl%ﬁ‘ﬂ%cq‘%#c@eﬁ%m?%nb q@a}g'%fj%'cﬁhchangi ng a
spatial relatigashbmnge y@%ﬂnﬁ B, MROmbBR ap@NBk&sample in frofit bf aAg, by
the ion mll er?aiéﬂgmpg’ris) expodgg%lu portion of the sanpl epunti_l exposing a
first sidiewanilleofsotthat tharsiask, anvhtheesudate of) thehsamplesfaceareangoller.on by

the mask; while unchanging a spatial relationship between the mask and the sample;

milling, by the ion miller, the first exposed portion of the sample until
exposing a first sidewall of the lamella, while masking the first masked portion
by the mask;

positioning, by the manipulator, the mask and the sample in front of the
ion miller so that the mask masks a second masked portion of the sample
while maintaining a second exposed portion of the sample unmasked; wherein
the second masked portion comprises the lamella and a space created during
the milling of the first exposed portion of the sample;

milling, by the ion miller, the second exposed portion of the sample until
exposing a second sidewall of the lamella to provide a lamella that comprises
the first and second sidewalls, while masking the second masked portion by
the mask;

removing, by the miller, matter from both sides of the lamella; and

detaching the lamella from the sample.
2. The method according to claim 1, comprising:

aligning, by the manipulator, the mask and the sample so that the mask
masks the second masked portion of the sample while maintaining the second

exposed portion of the sample unmasked; wherein the aligning comprises



positioning, by the manipulator, the mask and the sanple in front of the
ion mller so that the mask nasks a second nasked portion of the sanple
whi l e nmai ntai ning a second exposed portion of the sanple unnasked; wherein
t he second masked portion conprises the |lanella and a space created during
the mlling of the first exposed portigan of the sanple; mlling, by
the ion mller, the second exposed portion of the sanple until exposing a
second si

it ancouenie Topbet el RIS mdhK g Sifafs o B sl nEREMAFRS" T (e

mask; rengwieg.aty the miller, matter fromboth sides of the lanella; and
detaching the lanella fromthe sanple. 2. The ngt hod ac ordg&%ttg claim1l,
conprising:  Positioringghy the Mapinuatopdhe suest 8Rd the,sampis e ¢fdhe anpl e so
that the IRSHILPIEInblthe AEARGITHELLP bPhePbatbR AREDKE iWhihfer,

mai nt ai ni Nng the second exposed portion of the sanple unmasked; wherein the
al i gni ng whipuhskangid§ tlebtpatial mglationgftp betwedre theaslaskandithe samiflace of t he

l'e, by the_j mgi ice: and i tioning, by th ipyl at or,
he. mask dnd 1 RBS SRARe [AFcprang 91 clairp AbarEoiegmilng FrEenBl and i ne
surface O%Xﬂgg;edsﬁ&ﬂbﬁ of ¥ shipid gﬁtnhré%do@rngl fg@iflrgt yg}ﬁmm@k fre lahecippist i al

rel ationship between the mask and the sanpl e. . e nethod according to
claim 1, falewednby metatinglthegmesk tseethiat tbe rasplo seasksothe secatd maskedml e

e ok BO1TBRat i DS MR aBeichitl e HBo e GprRrd oMol BT o°

whil e mai gampRl embsikegecond exposed portion of the sanple unnmasked. 4.
The net hod according to claim1l, wherein the mlli n%aot the fjrst exposed

portion of- t heTBanethashiaacordipgsion§laime 15 iwkered) degamilling ofnihe diti 1 a i s
fol |l oned I t ot Beae, gasked
portion O?XQ%S%%W@PQ d\?\ﬁlﬁgm :?ent?j gtl"n%spﬁghggﬁgtngaéﬁgyg?%ort| %n‘ggf t he
sanpl e unfoillsived. by Fotafihg theshoplasodhdt tige skl maskd thevsecend maskedenovi ng

of the matter fr both sides of the lLanella conprises; . illing, by

the ion nPPrIt'é’P,Ofr?thec &R %Meiglefwagylr& spﬁgrqﬁaqmqsgdmmgn ncgls Png t he

| armel | a bé’%r%B?e IEeKsked. movi ng, by the manipulator at |east one of the
t

mask and e sanple such as to nmask the lanel|la by the mask while exposing
matter frbm a $beonethoiddacasirdingetol clai [1a whenein the removing of the matter

from both sides of the lamella comprises:

milling, by the ion miller, matter from a first side of the lamella while
masking the lamella by the mask;

moving, by the manipulator at least one of the mask and the sample
such as to mask the lamella by the mask while exposing matter from a second
side of the lamella; and

milling, by the ion miller, matter from the second side of the lamella
while masking the lamella by the mask.
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 sample in front of the ion miller comprises
rotating the mask and the sample by the manipulator.
7. The method according to claim 1, wherein the milling comprises milling
while rotating a milling beam about the optical axis of the ion miller.
8. The method according to claim 1, wherein the imaging device is an

optical device.



mlling, by the ion mller, matter fromthe second side of the lanella
whil e masking the lanella by the nmask. 6. The nmethod according to claim1,
wherein an i magi ng device optical axis is normal to a mlling tool optical
axis; and wherein the positioning, by the mani pulator of the mask and the
sample in front of the ion mller conpjjses rotating the nmask and the
sanple by the manipulator. 7. The nethod according to claim1l, wherein the

mlling conprises mJling while rotating,a md.hLin :he -opti cal
axis of tsge i 0 h%m?bﬂp.d 3 90#%9 r*gt ﬁ‘%’ﬁﬂa&c&frﬂﬁrﬁé‘ %@?@gﬁ?ﬁe\x}}%ﬁn t he

| magi ng dedn@thd SlesffofPlitRlcogevi ce. 20 9. The method according to claim
1, wherein the 1 maging device is scanning electron mcro coge f’LO The

met hod actdr di Fiee metbediascarding & slaimal.ovRerghce dipie SFHE thesmshng

second 1 SR/aLLaAoRs, L (SHC TRl RA RO el A system or prepar ing

_ e Sys S a mani pul ator, an imgi ng device, an ion
mller antl.a |Amsgblem éxtprapadng anaeraian theheystam garptises agnanipalaierd t o:

receive a nmask and a, sanple; . sition the mask and the sanple in
front of ?%@?%@i%fcﬁegﬁd@ &yllenapd gﬁ%mﬁg%ﬁ’(té?éoﬁ surface of the sanple
face the imgigge Gy tHEmanipulator #&rdigdditoan al i gnment of the mask and the
sanpl e so that t%e mask masks a first masked portion of the sanple while

mai ntaining a first r@cqjvg;ednp@f and@ Sﬂmplﬁ‘e sanpl e unmasked, posi tion
LD ok L ool d Y Ao s Kol B8 e BBk e
rel ationshi p bgd wrethd Rtaskesid a8driabe of tiepsampletfaceitine imagingrievidet er i s
arranged to m [l thaessfiétri%tar?é‘ljigﬁr?w%n?%rfttri\g%ggk tarqg the sample so that the
mask masks a first masked portion of the sample while maintaining a
first exposed portion of the sample unmasked;
position the mask and the sample in front of an ion miller so that
the mask and the surface of the sample face the ion miller, while
unchanging a spatial relationship between the mask and the sample;
wherein the ion miller is arranged to mill the first exposed portion of the
sample until exposing a first sidewall of the lamella, while masking the first
masked portion by the mask;
wherein the manipulator is further arranged to:
position the mask and the sample in front of the ion miller so that
the mask masks a second masked portion of the sample while
maintaining a second exposed portion of the sample unmasked;
wherein the second masked portion comprises the lamella and a space
created during the milling of the first exposed portion of the sample;
wherein the ion miller is arranged to:
mill the second exposed portion of the sample until exposing a
second sidewall of the lamella to provide a lamella that comprises the
first and second sidewalls; and
remove matter from both sides of the lamella;
wherein the lamella extractor is arranged to detach the lamella from the

sample; and



sanple until exposing a first sidewall of the lanella, while masking the
first masked portion by the mask; wherein the manipulator is further
arranged to: position the mask and the sanple in front of the ion
mller so that the mask nmasks a second masked portion of the sanple while
mai nt ai ni ng a second exposed portion of;the sanple unnmasked; wherein the
second masked portion conprises the lanella and a space created during the

mlling of the first tﬁé%ggﬁgfﬁé\h&é)ﬁ% Qh'ahgggzgg}ﬂtﬁ’in s &ﬁ LR m I ler

i s arranged toV econ orti of 't sarrpl e until

exposi ng an¢anensliricdevhitthe Gantple durirg] ftlee tadigpment thlel arask| and Hhe
conprises the first and second sidewalls; and renove matter from both sides
of the | af@NPle: wherein the lanella extractor is arranged to detach

the lameljq from theiraH6; dlﬁ?I:QO cf?é 11, whih&h&ha rhaﬁldum%gl‘ ROfiherce is

arranged to obtaln’images o e mas and the surface of the sanple during
t he al i gnamratged td:he mask and the sanple. 12. The system according to
claim11l, wherein the msmI ul ator, is fur her rran

the alignment 8$5'¥thi8 s it g‘&n’ﬁ'laé &s?rﬂgpe %Qh%ﬁ‘l?s"%ﬁ ! zteciogd

masked pogdsRé tied sé&tﬁmﬁﬁfaek@d partich Gﬂh@ts%nﬁbl@Qvﬁllb%éﬁﬁéﬁﬁmgemémdnﬁort i on
of the sanple unmasked position the nmask and the sanple in front

of the i oaxmsadeporbonpﬁﬁte $a1"ep|eawaalsed @dsurf ace of the sanple face the
ton mller, mbé&tlgﬁ?#@%s@gaﬁg%gI%%Hp% il floft P sLidh RefdESS vidtangask and

t he sanpl e.
mask and the surface of the sample face the ion miller, while unchanging the

spatial relationship between the mask and the sample.

13.  The system according to claim 11, wherein the manipulator is arranged
to rotate the mask so that the mask masks the second masked portion of the
sample while maintaining the second exposed portion of the sample
unmasked, after the ion miller exposes the first sidewall of the lamella.

14.  The system according to claim 11, wherein the manipulator is arranged
to rotate the sample so that the mask masks the second masked portion of the
sample while maintaining the second exposed portion of the sample
unmasked, after the ion miller exposes the first sidewall of the lamella.

15.  The system according to claim 11, wherein the ion miller is arranged to
mill matter from a first side of the lamella while the mask masks the lamella;
wherein the manipulator is arranged to move at least one of the mask and the
sample such as to mask the lamella by the mask while exposing matter from a
second side of the lamella; and wherein the ion miller is further arranged to
mill matter from the second side of the lamella while masking the lamella by
the mask.

16.  The system according to claim 11, wherein an imaging device optical
axis is normal to a milling tool optical axis; and wherein the manipulator is
arranged to rotate the mask and the sample in front of the ion miller.

17.  The system according to claim 11, wherein the ion miller is arranged to
mill the sample while rotating a milling beam about the optical axis of the ion

miller.



13. The system according to claim 11, wherein the mani pul ator is arranged
to rotate the nask so that the mask masks the second nasked portion of the
sanpl e while maintaining the second exposed portion of the sanple unmasked,
after the ion mller exposes the first sidewall of the lanella. 14. The
system according to claim11l, wherein ppe mani pulator is arranged to rotate
the sanple so that the mask masks t he second nasked portion of the sanple
whi | e mai pgain S A GW k after
the ion %I erTﬁgp gesrﬁ%rﬁtgg 98 (Q%gpv\gﬂl V@%rgﬁq tthIlnéarre aé Gael1‘@gﬁ'§hgp’system
accor di ngopticat devieell, wher ei n the |on mller is arranged to mll matter

froma first side of the lanella while Qe nﬁsk.rrgf‘ks t he Iagella wherein
t he mani pﬂﬁat oTh?ssﬁt@@n@@%Prij]%Q/ed%'fnl sWNBIRIN dhe; Maaging kKIGYISE tifie sanpl e
such as t the mask while exposing matter froma second
side of t ﬁb[&}ﬂoﬁﬁkﬁs&?ﬁﬁn the ion mller is further arranged to ml|
mat t er frB@rlthEhes(yetedn scderdifg tohalainartd| whevgin laedigtasicerhptvaen tagrdirsta by t he
mask. hes tema cordln to clapm 1 ei n an i magi ng devi ce

opti cal a?'i‘ s?go ?Wﬁ?’v D 998RN tfaﬁcéeqcﬂéﬁ]ngéppgg&saxi s; and wherein the

mani pul ator is arranged to rotate the mask and the sanple in front of the
ion mller. 17. The systemaccording to claim11l, wherein the ion mller
is arranged to mll the sanple while rotating a mlling beam about the
optical axis of the ion mller. 22 18. The systemaccording to claim11,
wherein the imaging device is an optical device. 19. The system accordi ng
to claim11l, wherein the inaging device is scanning el ectron m croscope.

20. The system according to claim 11, wherein a distance between the first
and second sidewal | s does not exceed 50 nanoneters.



