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20 BACKGROUND
21 The structural artifacts, and even some structural layers, in the device region
22 and interconnect stack of current integrated-circuit devices can be too small to be
23 reliably detected with the secondary electron imaging in a Scanning Electron
24 Microscope (SEM), or FIB, which offers a bulk surface ’imaging resolution of
25 approximately 3 nm. In comparison, TEM inspection offers much finer image
26 resolution (< 0.1 nm), but requires electron-transparent (< 100 nm thick) sections of the
27 sample mounted on 3 mm diameter grid disks.
28 Techniques were later developed for cutting out and removing specimens for
29 examination that required little or no preliminary mechanical preparation of the initial
30 semiconductor die sample before preparation in the FIB. These lift-out techniques
31 include an "ex-situ" method that is performed outside the FIB chamber, and "in-situ"

32 methods performed inside the FIB.
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24 The in-situ lift-out technique has become popular, because this method allows

25 one to both take advantage of the FIB’s unique capabilities and to extend these
26 capabilities to the inspection of structures and defects in next-generation devices. Due
27 to the small ion-beam spot size achievable by new FIB instruments (e.g., < 10 nm), FIB
28 specimen preparation techniques presently offer the best spatial resolution where site
29 specificity is required. _

30 A variation of this in-situ lift-out process involves "backside milling" of the lift-
31 out sample. This variation was developed in response to the problem known as the

32 "shower curtain" effect, in which non-uniform high-density materials on the surface of
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26 For example, without the holder-attach step the semiconductor wafer couid be
27 returned to a process flow immediately after lift-out. Thinning of the sample can be
28 performed later in an off-line FIB. This reduces the load on the critical in-line (clean
29 room) FIB, which makes lift-out for process control more practical, and reduces the
30 level of expertise required by process engineers who operate the in-line FIB.

31 In order to eliminate the holder-attach step, the probe-tip point with the sample

32 attached can be directly joined to the material that will form the TEM sample holder by
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23 circumference of a ring, and the mouth of the C-shaped hole defines a land of material.
24 The land connects the ring to the sheet, and there is a path across the sheet connecting
25 the C-shaped hole to the edge of the sheet.

26 The TEM sample holder comprises a ring, and the ring has a circumferential gap.
27 The circumferential gap is formed by cutting the circumferential gap from a TEM
28 sample holder form by pressing this form between two dies. The TEM sample holder
29 may further comprise one or more probe-tip points embedded in the ring, where every
30 probe-tip point further includes an attached sample. Probe-tip points may be embedded

31 in the ring by applying pressure to the ring and to one or more tip ends, so as to cause
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24 Figure 3 is a plan view of the TEM coupon of an alternate embodiment, where
25 the sample holder has a ring shape and four probe tips are intended for use.

26 Figure 4 is a plan view of the TEM sample holder and probe-tip combination,
27 formed from the TEM coupon of Figure 1, with a ring opening allowing FIB ion milling
28 of the top surface of the lift-out sample.

29 Figure 5 is a plan view of the TEM sample holder and the four probe-tip.
30 combination, formed from the TEM coupon of Figure 2, with a ring opening allowing

31 FIB ion milling of the top surface of the lift-out sample.



i nner and outer dies. This press can be |ocated either

i nside or outside the vacuum chanber of the FIB or
wordensanrl ytical instrunment. DRAW NGS Fi gur e BCT/ESH04/036560

pl an vi ew of the TEM coupon of the preferred

enbodi nent, where the sanple holder has a ring shape
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a pl an vFewed isalteosFRvtigwatpiew dfelpide-timging hended i the TEM sample
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F.%E‘P@e a‘iﬁﬁ‘qﬁ”‘ ¢ﬁ1§0{)ﬁe gﬁ%dnfal?eg}ve\l/l ng FIBion mlling
ofg the t B‘Igui:‘elmf i8.6 artifl drbse-skdtiohal otidw sthgpress and Bhe-sheagpuach of the
6 is a Ccross- sectl onal view of a probe-ti p poi nt
e bt PERIEERd It coupon. Figure 7 is a
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enl arged partial cross-sectional view of the Press and

't b2 sheaF'gytiéh ibp tEangigrse vigy of the probe-tip point, tip former rod of the

18 preferred embodiment positioned above a probe-tip point, and a TEM sample holder,
19 with the probe-tip point embedded in a TEM sample holder.

20 Figure 15 is a plan view of the TEM sample holder and probe-tip point
21 combination shown in Figure 4; with the circumferential gap made in the sample holder

22 ring for the backside milling.

23 Figure 16 is a plan view of the TEM sample holder and four probe-tip points
24 combination shown in Figure 5, with the ring opening made for the backside milling.

25 Figure 17 is a transverse view of a corrugated TEM coupon.

26 Figure 18 is a transverse view of a probe-tip point, embedded in a corrugated

.27 TEM coupon.
28 Figure 19 is a plan view of the TEM coupon of the preferred embodiment, where
29 the sample holder has a rectangular shape and four probe tips are intended for use, with
30 an opening allowing the sample top surface FIB ion milling.
31 Figure 20 is a plan view of the TEM coupon of the preferred embodiment, where

32 the sample holder has a rectangular shape and four probe tips are intended for use, with

-6-



Figure is a perspective view of the shear punch of
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21 cutting operation. As shown in Figure 1, the TEM coupon (100) is a sheet of material of
22 approximately the same thickness as the final sample holder (170). The TEM coupon
23 (100) contains the shape of the final sample holder (170) (the "TEM pre-form"),
24 although this pre-form has not yet been completely mechanically isolated. Most of the
25 final shape of the typical 3 mm TEM sample holder (170) can be created in the sheet in
26 advance, as consumable coupons (100). The pre-form is still attached to the coupon
27 (100) with tabs, lands, or other sections of the sample holder material (120). The pre-
28 form has a ring (180) that will be a part of the final TEM sample holder (170). The ring
29 (180) is thus defined by a C-shaped hole (135) in the coupon (100). The mouth of the
30 C-shaped hole (135) is the attaching land (120). Other enclosing shapes, such as

31 rectangles, may also be used.



procedure (the excision of the sanple) is conpleted in
the FEB, and the probe-tip point with the sanple

w@raaohssl i s t hen renoved fromthe FEB chanmberpPCTi8z04/036560

renmoval can be acconplished by a nunber of neans,
including but not limted to, renoval of the probe tip

ang at t aqiiedoRRAPlaSriah {OpeRrables &, B8OMmaPlalsd te! Bolybdenum,

equi pped with a door, translation the probe tip and
at 2 avélhmdumagpllde SlﬂW,omglﬁ:l & \peoyllivm, af [eppreRriae: t@ fige application. The

DEDREBRPH 0B SliedlE e SimpRIndiRE kR IORLAP L it Beplpce during the

pa45 Sﬁébhﬁlhdsab yephs af vacCisolaticn procesk describbe bélbB. cligmbeX shows a nano-
but the firyst, s listed dp not that th

A1 B ARRAHaR 5P (LD) Rk oS B RotsR At Riedobe 150) has o

of § qir&)e%b&nﬂ 1168 thedietds @ﬁn%om(mMr hﬁalygnseqq?mﬂm the probe-tip

reliabil advant ages. upon In the preferred

enbm@imémo IStarf‘@emrtgé@nmqsiapou nt (160) of a
nafo- el B FEOY oRpAREII R A 6 KBABREL honch Feil hardor than

C u¢ tdopgpr,opeh adsi mnlybd&numh@*vm may lFavgwr surfhee mmu]fEl\vhat facilitates the

cqQupon 10 ) t of mater.ial. Qf. approxi mate

C RLRa AP g HE Bl Rl Bk B i BP GRS ohEorat. A good

Th e e-ﬁEMr)] 5 Qé«l@ QLﬁfaﬁ& ctFe Rith icoisugdatiensyM2DehH fha‘ieﬁﬁpefrioﬂ approximately
ol der 70) (the "TEM 8re form'), althoug

t m s‘,hwa@wquﬂ?ﬁs t %prop%flp Beigh é@rﬁbﬂ@@tén )FI&"EE%%\WF%H ghpw cross-
s@étﬁ)qF Pﬁ%%ggéatécpﬁrufcfuﬁal msﬂfigpﬁ‘ T c&jﬂfgaﬁéfrpg&@d i3 aﬂ(mt half the

sarrp 170) can be created 1'nh the sheet
adw ahanesteras tl@omsbnmm p@nt:(d 6Ponkhe (cm@atmﬂsr(é 7f®rrea}f l@rmlpélc such as
o rlg lctonir}uogsgré)t%v% 8% gld%ers r?l}ge Hpa%ﬁ%ﬁ(i in &)e dgectlon o? Hw pr(?benc?é{?)mt rows of
The 1ﬁd1€1ﬁﬁ£lrpobta,301‘andnkpr&god1&. 2y -farhaslevakibhs. b’Eh@e piauictured can be easily
the fi nal % %holder %70) The ring (180) is
t Hﬁsdeg%‘FlP%@ O‘B‘yt & Prebetin pet (180)dn pis%) i n the coupon
(300). Thee @H&lﬂlngfte;ﬂs,h& endhap® b @mfp@n% atdriil, tvt;lﬁch connect the

attaching | and . her ‘enél osi ng shapes, such
r ég trartghle §orm¢é3I EM sanpe holderd170) 17 theTioupdnol 16 awmwdadurmg the

| 30 R %re %/cggnolgg BE rahd C ftmga(y ei"‘aln%ﬁ, Qe%cmedygeq&g Uhe TEM
um num Silver, cke 5 [T
apprsamp]eahddd;ro(wh)e mpmlfaralﬂi;t |pfmluceﬂhm dmumpe (oIOzO)rmg (180) with a

oPhGaeBlr R LR (08 a1 B o fiieos QbFSiep gpbotiom surace

ggﬁgﬁgﬁ %dgﬁ)zf gllrélb)?ﬂl 08 lpPitfe oF HIBUTEM ZambRVolder (170), thus producing an
24 electron-transparent thin section that would be approximately parallel to the plane of the
25 TEM sample holder (170). Other shapes that allow for a circumferential gap (190) in
26 the ring (180) of the formed TEM sample holder (170) may also be used. Figs. 19 and
27 20, for example, shows a TEM sample holder (170) having two gaps (190), where the
28 shape of the TEM sample holder (170) is rectangular.
29 Figs. 4, 5, and 19 show TEM sample holders (170) with probe-tip points (160)
30 mounted for top-side ion milling of samples (140). Figs. 16 and 20 show TEM sample
31 holders (170) with probe-tip points (160) mounted for back-side milling of samples

32 (140).



probe tip (150) placed across the coupon (100). The
probe (150) has a probe-tip point (160) that holds a
W@ 200p0861L40) for anal ysis. Typically, the proPEFUS®04/036560
point (160) is a fine tungsten needle. The TEM coupon
(100) may al so be fabricated froma material harder
than copper, suchmoapbﬁfmﬁ@%%@mma@é Haye 2
surface structure that Taci ates chani ca
enbeddi ngheprabedipmadtid] 60) pviiothatsarinle (] 40) attadhed caupojpined to the
a4 Gttt ofd AP RERES Lol BUELRER).SLING) BEEeL b attachment

corrugati ons a perlo appr 0x
t he tetween die sampke (140 and te ppobekip-foin (pad),Hnd ﬁ)ﬂﬁ@@l)t the probe-tlp point
ssections

SB? nﬁéﬁta@d [‘fe@é%egﬂlgpﬁ%argf%%wﬁﬁé ol TENG sl %BE‘FT §J0) during

| S¢ aRasorthddn stohe Gr 3MPERIonGh hNEERT OPRs hdsBnBisAbuld not interfere
(160). The corrugations (175) may be periodic, such

cohtWituthe snormelsonsration @ dke T Bf\{!g toir ;pﬂar mgmsl@d ianalytical mstrument and
di § esﬁ(glil@ Qurwve Wéﬁ iPih glﬁﬁetﬁal@n@?&%eﬂt bp&]:l%lngcgr?ded analytical

post's, non-peri o ree- orn1e eva I OhS
st9ummmnestcan be easily deforned to Iock t he

be-t [ 1 j I Th 1 abs
et B BPOL s P dlSdEh BB B o we
par tHEM lcpudoar(red). TEMusabns @ coeavis! viéw 00 ndcRanidae deBRA1dn of the
(100), are severed during the conmbjned nmechanj cal

f &% Rateyiahiob the, FeuPARy (é?{aroat prebe-tini @eit (W) webdly, fiigure 7 depiots
T%V'eﬁ%meaeorwrﬂarboﬁ&mgxszoz Reeierabhy, &&%Qﬁ@tl%ﬁ?lglggfm to the

sapeo a ring a circunf@rential
t o4 @n@mllne(m@)t eFlgﬁreBﬂadﬂ@ showrsmgugafﬂom {176 it g BEM sample holder

toms 140 n.the pl ane, of..t
g\/lr%aé% d ho gse t%ﬁ_g%r)r&nﬁ gény:?;ﬁo 3 ouﬁ the sme-as the d1ame§er of the
ehe pkstenipt ;smts(mar)e Riguré i8rshs @€ borling ihatprcmuipobdnﬁ (160) to the TEM

BT SRR Bl BB OISR el 03" TR o shows
c g %Hﬂal%ﬁl@tph%b—t@%uﬁ éﬂ@ td e THEI srahﬁm: HoldP1170§ maiaﬁal with a CVD

fornmed M sanpl e hol 170) may al so be used. Figs.
19}9 anavaporatefl gratesieh@0e, shovvs a TEM sarrpl e hol der

/0) hap'gQ%h ?E %ﬁb%ﬂo?cpe} &f{tﬁ e or IE(EQ gl%bg E}ptpgl%ts (160) with

sanp ang u
amd sérﬁplSh(l‘AO)Tﬂk{blﬁaﬂn@htdlah bédﬁ&iréate(dlif @an W teturipsdab éhet FIB for the final

160%_nnu t ed t si.de ion ﬁligl of
D51 it Saeyptonedidie 1Bl BE S5 anr RNt e e raples(140) or
(37 Qmpied R tﬁlméaerotdmt@@ Itraﬁs%m(eﬁc@%ypmawwésé @fn). This final thinning
back-side nmlling of san%
24 can be performed i 1n an off-line FIB to maximize throughput of the in-line FIB and to
25 take advantage of the efficiency, expertise and dedicated resources of the off-line FIB
26 lab that can be located outside the clean room. However, if the apparatus for attaching a
27 sample to a TEM sample holder is located inside the FIB, the final thinning operation
28 can be performed immediately.
29 In an alternative method, the final thinning step can be performed in the FIB
30 after the lift-out step and before the probe-tip point (160) with the sample (140) attached
31 is removed from the FIB for attachment to the TEM sample holder outside the FIB. In

32 this method, it is not required to return the mechanically formed TEM sample holder
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(140) . Met hods of Formi ng the TEM Sanpl e Hol der The
probe-tip point (160) with the sanple (140) attached

we@230&8fni ned to the material that will formp¢EUIEM/ 036560
sanpl e hol der (170), so as to preserve the attachnent
between the sanple (140) and the probe-tip point

( 16Q170)avith 1hE SMEAE (40P atRIcBS td the FED i finall GhidN However, the final
sanpl e (140) from separating fromthe TEM sanpl e

hot deinning Fogcesruicavieestthe ASHEMmahtimsnin the éridgFBr In this method, the
| n | . . . .
i Gy i (1 T 10 EROTRARGER gl o o pitable loation
ot hén therkIBnatelthe il berinda thei iBtis thee msed tamperfedrothk dinal thinning step.
suyr vl ve [l1.in the interna nvi r.onment he TE

o b ¥ e O PO RE e FA FRERE 0 2 gtabfied 1 Mmoved from
angl thd P didtattahed foahe TBMYam@letHodlep (170 Rudidgth® RletianicdiEOming and
to the TEM coupon_(100). Figure 6 is a cut-away view _

of 7 EERERTRSETS CamirARYEn 1575 FerRmmeen ¥ ngk reqifeed, to Stabilize the

co " . S : . 1
CoLRA PR Rbat 0 Ay Ak 150
we? delaidgye tofthe HB qhember-te iap agnsptable (ev8h pr tooredire aop mysolranical drift of
( i 7 al r Lons +175) in th .

3030 5 0 s HRPBRLS BRI RIS 2 R A 1 i
COr rhegairpbay(1pe) dttachet saralroméchbiieal yambilasd bjmaking retiehical contact

of the praobe-tjp. poi.nt 60),. Figure 8 shaws .bondi ng

© b v 8 ot PoirtiabP Pl hieBls i arerip Afefs. o between
(o7 Qe SHRIPRY (130) Atk RuiabRbubBRY & oB)ebiein Pe FBN &S} ¥@pR3 Bhk-edge or a
Fi gure 9 shows bondi ng the [}Jlrobe-tl point (160) to

t e cPERT elmppehanierl gnctyre atilachpditocthe BIB stpgenang tioypyobg-tip point (160)

e i :

ISR B4 OB UL R SohAS, TRUPARER Ik e campi
s aai1 469 cdrl hroaght andeechanicaltcoitast Withehe srfaadt @fthe sampbastage or any
o B EReCT AP 5 e e e B o g Furf of the wafer.
| 14 tFhe YtabRamJkecah bé@ikidObr &abplderrhabld by plastid of Slastic deformation, to
el ectron transparency (typically 50-250 run

( ). This
f ihapcephibp siang OEGA PrRe-HE PPiBE (heR) ordifiept samnle (148) mdugtiper dampen
i,m 0f . i N Ll N : to take
g%aaﬁ gegaéﬁg?ﬁ t eRgﬁl%@eﬂr}gf},&%ééﬁpﬁ dsl,lg (an " dedi cat ed
r esour cefn afothehealtehftivei mehdd, B film! tthisning atep lven bo patfached in the

0% Lo . LB oo SRR S, by BP0 3 e 140
| pS iaflgched & jolnBd té the THM 3hmplbihbldeNi@isidp GeaIBOAcuum chamber. In this
24 method, the probe-tip point (160) with the lift-out sample (140) attached is translated to
25 a suitable location in the FIB, and the ion beam in the FIB is then used to perform the
26 final thinning step. Then, the probe-tip point (160) with the thinned sample (140) can
27 be attached to the TEM sample holder (170) inside the FIB vacuum chamber using the
28 mechanical forming and cutting process described above. In this method, the apparatus
29 for attaching a sample to a TEM sample holder is located inside the same FIB vacuum
30 chamber. Hence, the in-situ lift-out, the attachment of a probe-tip point with a sample
31 attached to it to a TEM sample holder, and the final thinning operation can be performed

32 as steps of one process inside the FIB vacuum chamber.
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can be perforned imediately. In an alternative
nmet hod, the final thinning step can be perforned in

wao b@seidBsafter the [ift-out step and before theCT/US2004/036560

probe-tip point (160) wth the sanple (140) attached
is renoved fromthe FIB for attachnment to the TEM

safppl e hol der outsi deggl Rb1Ber FofminbiAspaatphod, it is
not required to return the mechanicalTy formed TEM

safpl e hdéligrees L ang 2 show TRcRurond 18W\ngs dssqribadpbove. The land (120)
at [

P SFAEL, BDSaLE e, EASH ()P0 BEIEHRS o Lo e
t he donpdn @00, bd sevérbd ® fiveh hl@d],"EMhampfedimﬁiet‘ (1vop duriﬁg the cutting

o Subt i SOsBROR | 0¢ 0tk OE NG eavdor GRS aR FRmiRed by the

t he thioBiess Trd@ﬁﬁecﬂ&ﬁ@mb&i per fn@ﬁﬁhkﬂﬁ/ focRahe Efébélﬁb NHdint (160) in the
step. Then, the probe-tip point (160) wt hi nned

sa?nﬂoépo(nl@@?) metetelned s prvidsyiow syifigignt mechmnipnl strength of the final
at § aghpd ﬁd?detr he70h B ap?@s’@m Envitedefoldine’ @) s déeb faﬂg%teog %he TEM sample

mechani cal Orn]n Cutt|n process
abﬁ)\b@lder (17D)satrth@mh@hme@nt (o) embbddlwlwmt@d Fooexample, for the case

S 15 T AT L DB By 82500

r ei qio1v'e.000" tdfeoppeB i hspidigiate! or @it @uEEPIIA0). eBbHVaE sarﬁﬁle holder
to reduce any nechanical drift of the probe-ti poi nt

( 150} 7® enaferiaj end ghe parqupging Haﬁlﬂ?ér(loeDh@atﬁWib?ée fight ightlyotepassed in 2
(16 q}oﬁé" t?FéchﬁQWéﬁe Cﬁ-ﬁg)to %&B@%%@: Sfmrégo syrfaces to cut the

mechani ¢ Yy stabilize I Ng nec an|ca
bét weehs-tiphroinr (3 6®- wutfpupb:amg aiyeprtiem df the seneraloprgbe-tip point (160)

Stl? % %ng' H% E%f: fid khe 3 Iplren oﬁdee Jr eget‘r o\fﬁe Stapdar ‘I%IT% e (h%?ge)r (170) or

e surface or o

exarmieﬁdmg fbeycfadgﬁe otitside GOrdee bl ©stafdaii AlEM issdble holder (170) of any
structure ched to the FIB stage, and the probe-tip
pdi sthef 156 eé #°be brought together into mechanica

cent act . AQonmbdl %oté@'{fl@%l%qﬂﬁud%ﬁ tb ?&nﬁ@ﬁ&ln Reht ]OZkQ%G %@B(&? (100) in

be brought i nto nechani cal contact wth the sur
t i theangrhanigal apearaps thafpeforatsi the enttistgzanid dermingxjperation. In the case of

\7%(% gﬁ?%{a EQFS@%@%D%&S {ﬁ@athg E)rc%e ’tlgtpg%tg erlr]élgc%esbog 12t5pazlgure 3)

def ds mhlrallghibglotpﬂhﬂmgh ¢};]eo¢oupd)ra61t00); rdﬁﬁtﬁfg{'ﬁ&ﬁvj\igg frdnﬁ) the center of the
t

[ DGl BB AR oS PP Bl heder (170),

MeL g bfoRdey t1B4radde T8} thé‘]?]ﬂéﬁ?tqpﬁ&m‘lg(b)ﬁo ?é}hﬂt aligrBEht of 11 probe-tip

anot her alternative net final hi nni ng step
c %h Pt (k0) alopg dhe urasreofithg TEM sampley Boldprf &17@)ubef@b dlge cutting and

aggfagfugg&e}atﬁgn_pr obe-tip point (160) with sanple (140)

26 During the cutting and forming operation, a TEM sample holder (170) is cut
27 from the coupon (100) (Figure 4). As discussed above, the TEM sample holder (170)

28 can be produced in a C-shape form, or other shape having a circumferential gap (190) to
29 enable later FIB ion milling of the lift-out sample in the plane of the TEM sample holder
30 (170) to produce an electron-transparent thin section approximately parallel to the TEM
31 sample holder (170) plane, or in any other shape allowing the same process. For later

32 milling of the top surface of a sample (140), the gap (190) can be cut from the form at
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attached is joined to the TEM sanpl e hol der inside the
FI B vacuum chanber. In this nmethod, the probe-tip

WEoi0an448360) with the |ift-out sanple (140) atP@UOSH04/636560

translated to a suitable location in the FIB, and the
ion beamin the FIBis then used to performthe final

t hi b )

t ne"Bp Bt Sne e (PLGARTRELLPAL Hral AP katiedilhe the form to
s afpthe couglod €100). 1l7<b})latem11htsg dafltlee YeittBmvsacfacerofatsamiple (140), the gap can
us t ni c and utt| n roce

tod o b FolEfo B RR oo RSl oo B R RGER Bphe hole (135)

at tachi n@Owingan® loattih® aad TcEMhrt‘g&Bmkaﬁoﬂ,%Q BhrdeS tuh8feH Bidbe-tip point
i NSi dg t he sanme FI B vacuum chanber. nce, the in-situ

i £t1BU1s Preprsd dite g@ﬁﬁ%@fﬁﬂ%ﬁflahofﬁh%w sepplsdioliter (#i79)hang the portion
Samfech@bl;o%@%%oﬁlﬁ &0yt B(té}ld-ll—lEM € JBR: ABhete ?I’(l)(f?l tﬁeh mm TEM

final thinning operatl on can perforned as s
oné sempleebalddérnshiapke (170 iFicB vﬁcuﬂ"ﬂm ciEviizemple- halder (170) material is

F 1 d .2 .sh
SO A L R R s
t hatprolentiyepdist (1605 t¢ bablién pladed®igupant i on (170) of the
00) t t .of th (100) [
sdlor eq doRe 1O ENYREEHBIOESR b Sy O g oRegion. The
cui tdp@ﬁttcﬂgﬁacfeﬁ) EHE TEMORAPEH (100) onl BR duldrCdiO €589) ihist Jb@réitlon can be

coupon_ (100) is determ ned by the thi ckness re uir

t d2 éwaeﬂn% hepd Hamiisceperafion aerfprwedputsisis-th HBpOI anttomatlcally, if it
{369 pbohe 5080 4300 TR Bond by 84 s o

h ?h dﬁﬁO)(lﬂ $@h o wayp thav every probatip poinf ((lﬁ@)! i8 gh%fed S\&m&hﬁpﬂobﬂtlp point

of the TEM O tt roetlppo

CEBGIRaR A Mo Voit srsatipfe Uafh AeheR {18+ piatBeBopotes (160). is

a 14 Zhientad pﬁﬁﬁel)to dieaBicQ UM ls&fp l@ﬂl@ﬁl@r gW@) ARE Mner die (290) and
160%‘? a thickness of 250-500 m(

cop et oyter dip (39) Pethtsaprogthe W@Rl%hlfﬁ@m ((m@yd tl)saftwberttmpomt (160).
S Re Q%xg%rolg 1? el 'tﬁ+ gﬂgtf)y Gsitfdhk 't ggﬂﬂ& '3 automatically the

coupon (10 are S recess
pﬂﬁ) lpaoleitpp qrancvhe tipait TEMfcomné 1q0),3®) atl uproktimgy Iﬂiph\(aee diraler the main

t cut sr es t.0 t he e-ti.p,. paint (160 )

il S RE 2R “phrectisos o oot "G Bhbiing te main
poi Rhoundifdloek (220 hndctiacied Rekdivir tS Vel Auliivsla uﬁa@m@é &fion of an
of a standard TEM sanpl e hol der (170£|p0r ext end

béy SRR S U decetsd abeYaie tein soyptingyblogk 20)- séﬁlamaetuator (300) is
el §RstertBly Phe@hatRMYut A BRNISH LARIGI1 88&REs may also be used. There is

24 also the exhaust line (305) for pneumatic actuators.

25 Figures 11-13 show the forming and cutting operation as the main mounting
26 block (220) moves downwards. The former rod (250) contacts every probe-tip point
27 (160) and presses it down into the TEM sample holder (170) material. This continues
28 until the TEM sample holder and the probe-tip point interface build up enough
29 resistance to overcome the force of the hold down spring (230). The hold down spring
30 (230) force is set with a spring adjustment screw (240) to the desired force to ensure that

31 every probe-tip point (160) is pressed fully into the TEM coupon (100). The former rod
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Al'ignment holes (110) are included to permt alignnment

of the coupon (100) in the nmechani cal apparatus that
w@eeoknsassl t he cutting and form ng operation, tPET/US64/036560

of a C-shaped TEM sanpl e hol der (170), the probe-tip

poi nt cl earance slot (125) (Figure 3) is a straight

S | bt(zfq) rienkegles Dil’?orﬂl_ll_méﬁ/[ Cmth((iﬁl)ﬂﬁlt lﬂg\d 'ﬂﬁt(ﬁgkg:;‘ ﬁfgie}‘@lfago{nﬁ% probe-tip
e sa e hol der eyon

oui SPER S Plepbifie it EePedionnelianetidl. (1703, that

provi des Ouke aésinge ft8thd Blﬁ'nigr @By td GVe%Hrr[k %rgf?no %)ﬁraer rod (250)

permt alignnent of the probe-tip poilnt

t He RQYPREUES §forpese thpab@asawmhe@ﬁ@) @mnmm 18)travelf doverwtalE using the
CLg@u t n e cutting and

forni ﬂr%?rtg:érg?%? Pég}rlllﬂ & &%?@33{38 [ﬂ‘re dbe g(izg@ﬁ ehjeay gvegmr obe-tip point
f rGoMGtO at the desirad (en@ﬂh; Sewutkymba (142})) co‘fﬁ‘aeding@l’lé?ﬁ]ﬁq sa’ﬁl% Bolder (170)

t be produced in
h7€ ( %ﬁggr‘?% ] Plg %@é@ aﬂ%@ie the %ﬁh@?@‘i\@l@nm orethe opening
ga8p0 ax@(mhar cuieabidshepd, ai the h&ih& (i
ligf - out. sa i nert) he pl ane o(f’mt)hg’hé %P&O%f&gﬁeafea &pneumatic
ZI? 76 Ct#l Oprle@gth man goupiingMogl Qﬂ@b@lﬂeﬁtachddl hardved td)ﬂs original
exitionpleal ol de
?ff“iiﬂe o g R PN S pmbf R (17, SAERIcE A g TEM Cotpon (100)
P otiseentajnife qngtos mord probqerga Jfints (0¥ with g fshragles @0 ittached.

e can cut frogmthe form
S@np (S]’A‘%)e"hﬁ%eﬂ g%?mt(t e C8h Eﬁy i spegifigpmbodistenisedpscribed

59 qu@@e | hriotedd 214t thenciginki gy 1ﬁt&@re€éﬁr B tevdrn&ick %?ﬁgcatlons and

Q}%%%Wag‘{ later mlling of the bottom surface o
EO the gap can be cut fromthe format a

hocatloﬂcamﬁroxinately opposite the nmouth of the hole
(135). During the cutting and form ng operation, the
har der tungsten probe-tip point (160) is pressed into
the softer material of the TEM sanpl e hol der (170),

and the portion of the probe-tip point (160),

extendi ng outside the outer dianmeter of the 3 nmm TEM
sanpl e hol der shape (170), is cut off. The TEM sanpl e
hol der (170) material is induced to plastically deform
so that the copper material nechanically surrounds the "
probe-tip point (160) to lock it in place (Figure 6).
Fi gures 10-13 show a typical process for the cutting
and form ng operation. The operator places the TEM
coupon (100) on the outer die (280) (this operation
can be performed by hand, if this operation is
perfornmed outside the FIB, or automatically, if it
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is perforned inside the sane FI B vacuum chanber) and
aligns every probe-tip point (160) in such a way, that
wer@sp4gesobe-tip point (160) is aligned with tPEI/US2004/036560
probe-tip point clearance slot (125), and the sanple
(140), attached to a probe-tip point (160), is
orjented parallel to the plarg Qfvi¢he TEM sanpl e
hol der (170). The inner die (290) and the outer die
(280) both support the sanple holder (170) and the
probg-ti ' . L0 c
Setured, RS bghins L RERAEELBRE, R hiboh Somprising
aut cndicétodiinaterinlhe probe tip or probe tips, TEM coupon

(100 and all. su in ar re under the main

rmfn#‘% ﬂ’ﬁetoqoa’@li‘s‘f‘%gg)%ﬁ %?Hg’legl:"tl%\g?’é@’ Pdyneurmatic switch

(34 Wine of Midfd PathstBugHh& sHEBLUdhdGndhe TRM 22{Ple MEr form to the edge
attached hardware to travel downward under the action

of 7 & thecherdt or (300) | ocat ed above the main nounting

bl pck (220). The actuator (300) is preferably

pneumatic, but hydraulic or electrical actuators may

al $a.be Uhedouptmerfeclpig &lvehore the sheeh aomprises mem¢t8D Slecteadlr from the
pneumati c _actuators. Figures 11-13 show the form.n .
ol SR F Soban rle g, afamtuly #pldhagn giektiEd pyiium.

maves downwards. The former rod (250) contacts every

probe-tip, point (160) and presses it down intg the TEM
sdhpte hdh E9UPQY 9 slalmafl&f}q?rarhe Shock BasURRGEROBNEAUARS | ¢ ho

TEM sanpl e hol der and the probe-tip point interface

bui I d up enough resistance to overcone the force of

t e 4nol d THowpupepof plging 2 3dipte tirheoupon Brdiongemppis¢sraligiR@0)holes, for
force. i. t. W i ng adjustment screw (240) to
tﬁéf§§@§$§1°P§$%En?8§€%sure that every probe-tip point

(160) is pressed fully into the TEM coupon (100). The

forner rg_g - 12 - éSO Lncl udes .qne or nore teeth

(360) t ndfe PR OHEATRL) HEReTATERTSF ar ound the

prgbe-ti gt REHt e (RN tBNEAPbA defidingdthe duter HoRIdBSSEh TEM sample
down (Figure 14). Once resistance to the spring (230)

i 9 over c 8pfderdfammitthehdleohaying ameptii250) novenent s
stopped, 27 ' s its travel
d%@nwar dfﬁeﬁ%@%@ftﬁgﬂ%{g g%b“ﬁ‘t?g %%mcg%}{ﬁdt‘tgﬁdg i nner die
(200) anthetlinel ceutetinglthe TERBGmplahaddee &rmeav dreyshent,cine; t i p
pai nt (160) at the.desir | ength, sever the tab (12
Chnect i AL vihors BnS Ghmel e Faaro s Tl o s B he sheet
obhs t he TEM coupon (100) and create the C shaped
openi ng, or the o enin_rr]% of an§ ot her suitabl e shape,

P

i A the  hdheiesuppn pbglaimhwhep dedelshas herthpst eases a
ppeunatic
26 7. The coupon of claim 5 where the TEM sample holder has a rectangular shape.
27
28 8. The coupon of claim 5 where the hole has a rectangular shape.
29

30 9. A TEM sample holder, the TEM sample holder comprising:

31 a ring, the ring having a circumferential gap;
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switch to return the main nmounting bl ock (220) and

attached hardware to its original position, |eaving

wo b@shEsssanpl e hol der (170) separated from t heCTER004/036560
coupon (100) and contai ning one or nore probe-tip

points (160) with the sanples (140) attached. Since

t hose skithd eiebuintfertitial gip fopaed Hjadllltﬁﬁ{g ih@%lr&ﬁﬁﬁfefnhgl gap from a TEM
errbodl ments descri ped above, intend that the cl

be%i nter ﬁf“@f’@g‘o BYer such nDdl fications and

eqei valents. | claim - 13 -CLAIM5S . A coupon for

preparing a TEM sanpl e hol der, the coupon conpri sing:

a hidet die M spmple thh@r ohelaim @()Wbﬂ‘ﬂ3hmgngilsTdﬂﬂnS<ﬂﬁp|a€hole in a

28%%@& %r?%%ﬁy iIjuigl\ﬂ sanp eBﬁ hl%c?% at@i@"h‘?@%” rtnggtﬂ:& gre the gap is

t he fotmesdtby cRtting e mumfﬂl’ermﬁl gab dilom A TRRSaRplcMR IR 8B at the mouth

co s, a netal fr t he group consi sting
of%é&}? Ol S, B AT, it o8 o gyrece gf4 sagple. ni ckel
“angl beryl lium 3. The coupon of claim1l where the
sheet has, surface corrugatl ons. 4. The coupon of claim

1 WHédre the g%ﬁ%ﬁp ¢ Gpldrept eleimp?. whate die lgrgmrrteﬁhcﬂ hﬁa hole in a
f oy cahidtbp eﬁe{?ﬁg GQOrHAR rs‘.alhge "ﬁoﬂ&e e o?e havmlg oalclggl]ﬁﬁ \P/ﬁeée the gap is

claiml further Conprisin I’ea one
c bupermed &y ichiting ﬂtemcmnfwmtlﬂ(gap cﬁamya "DEM&aﬁEMlﬁ&l&pf&m at a location

el S A SIS PR B T o

ttﬂesﬂ'xfd\zbgﬁarsdnq)léwol der formto the sheet; and, one or
nore paths through the sheet connecting the hoI e to
t He edge of the sheet. 6. The coupon of claim5 where

t he 1hol eThaPER sgm?fé%ﬁier form UFC1afi YPORrOThe cu&lfng]oger%ec%mprises

the TEM sanpl e hol der has a rectangul ar
cBuptsesieg the [TEMagiplgtwldsr fdue tetyeen basdies. r ect angul ar

shape.
18 13.  The TEM sample holder of claim 9, further comprising:
19 one or more probe-tip points embedded in the ring; and,
20 one or more samples attached to the probe-tip points.
21
22 14.  The TEM sample holder of claim 13, where the probe-tip points are embedded in
23 the ring by applying pressure to the ring and the probe-tip points so as to cause plastic
24 flow of the ring about the probe-tip points.
25
26 15. A method of preparing a sample for examination in a TEM, the method

27 comprising:

28 attaching a specimen to the point of a probe tip;
29 joining the probe-tip point to a TEM sample holder coupon;
30 forming a TEM sample holder from the probe-tip point and the TEM coupon.

31
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9. A TEM sanpl e hol der, the TEM sanpl e hol der

conprising: aring, the ring having a circunferenti al
w@aps/04683t -t he circunferential gap fornmed by PUI/UB2094/036560

the circunferential gap froma TEM sanpl e hol der form

10. The TEM sanpl e hol der of claim9, where the ring

i s; def i Nefe R¥mBd ROEBint 15 Ah&L URMAmpRIis Exreﬁeﬁ&{ P SheAT BNk amination
sanpl e hol der; the hole having a nouth; where the gap

i s2 foutside dheIBoacutinnehamiber. ci r cunf erential gap from a

TEM sanpl e holder format the nouth of the hole, so as
toallow FIB mlling of the top surface of a sanple.

114 1The ThEMnehopbéchia tewhat thel sanpieQs prapered for e TEMgxamination

i s defjned by hole in_a coupon for preparing a TEM
sa?rb‘?sé‘{eﬁg?’&élﬂe%lﬂﬁgawwhﬂﬁ%rng a nouth; where the gap
I sgformed by cutting the circunferential gap froma

TEM sampl e hol der form at a | ocation approxi mately o
oppdsSi t e Thiveetho1of clgim { favhigs) the stepyobjgining qie| B \wiqre probe-tip points
mJlj T%FM : mg . TEM
saénr§+{eilgho dg(?l%? g?ﬁrﬁ %ﬁ}l @ng m ?a%\%%og t erﬁl gﬂ.tg(il?p-rggggs'

oper at i oprovuigrd Bléd spnpls doldgr fome inftEdTENNhgwuporhol der

f b , dies.. 13. .Th | e hal f . .
(91 DS SRR L U TR SPORIEE B rmen s

Pei nt's enhredmdtelytehidRd in thg sandglelholagte or nore sanpl es
attached to the probe-tip points, 14. The ]’ M _sanpl e

hét der ofmbedding thesprobgyp Boipts én the JEM semp! gy ¢

enbedded cifing BE tid POrtiBY oBBRYY hrdBe-Bp §oRHERsilO tHeNENT siiiple holder
and the probe-tip points so as to cause plastic flow

ofi4 t he r ifoxge wbndary;tehd probe-tip points. 15. A net hod

of _ prepar,i a e f i ' [ EM the
met hod 08%%% %Fﬁgf:@%ﬁeahg’meﬁggg@g‘éﬂ@ ?llrirael\ﬁ @?'%Oghe poi nt
ofisa probe tip; joining the probe-tip point to a TEM

SR Lot SOUPAy [P P2 TEM SRl el det g
'rl.%%\/l tbgé)%g%g ’rc]cg{h?'(;['?l\)ﬂ@ﬁﬁlﬁe h&1BerSANRhELprbBe-15 RAGk 8 ab &) cafteplastic flow
19 of the TEM sample holder material about the probe-tip points.
20
21 20.  The method of claim 15 where the step of joining further comprises welding the
22 probe-tip points to the TEM sample holder.
23
24 21.  The method of claim 15 where the step of joining further comprises attaching the
25 probe-tip points to the TEM sample holder with adhesive.
26
27 22.  The method of claim 15 where the step of joining further comprises attaching the
28 probe-tip points to the TEM sample holder by chemical-vapor deposition.
29
30 23.  The method of claim 18 where the cutting off of the portion of the probe-tip
31 points outside the TEM sample holder boundary and the cutting free of a TEM sample

32 holder are simultaneous.
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out si de the FI B vacuum chanber. 17. The net hod of

claim15 where the sanple is prepared for the TEM
We@x@sionssi on i nside the in-1ine FIB vacuum chapr@BUS2008036560

The nmet hod of claimwhere the step of joining one or

nore probe-tip points to the TEM coupon and form ng a

TEM sanpl e hol der further conprises: providing a TEM

sanpl e holder formin the TEM coupon; orienting the

prod-ti g\ pothtds ofpckptrirg 7 Euinpleu fwnexemirtatian ib hee TEM, the method

speci nen .i s approxi mately centered in the sanple

hot d8PP " &hBeddi ng the probe-tip points in the TEM

s a.urgl e heldltding exeror nibg.t ﬂsrblts]fgtipsf the piode ltips)l:]atviirxdgra tfp]tpoﬁht,e ry

probe-tip point outside the TEM sanple hol der form

botindar y SXGHBg 2 sRRIG Hem & syestpledrified 1Bl der free from

the TEM GQAMRARR thel@mplths Bk oift igidi@Ebe the step

of enbeddi ng further conprises applying pressure to .

t he TEM sempling dvetydeebeainboitiengs siveple atachrdita itdrosothe §1B;

t o, cause. ' .of . .

rod or i al SRR RoBH B bobl 6 o TE AR ultl BRI ong. o

cl @i m 15 foviegea TIEN ssinple hofdes fom ithegprdbertiphmint andrihe ITEDS coupon.
wel di ng the probe-tip points to the TEM sanpl e hol der.

21 The nethod of claimwhere the step of joining

fyf tlser QonRiNcIest plchatlyl RGkabR R O@midaBoGh ¥ TEMD the method
the TEM sanpl e hol der with adhesive. 22. The nethod of

claicRHERE t he step of joining further conprises

attachin ;,,E&] =t ' T le. ..

hté% der b%rc erﬁ0 (g:ngll%?\r?tg% rrg%etg{ggtlh% ?%%E%SSIEMF%%%%U of

cliai m whexasibhesample frorg achlistrate insive addBt i on of t he

probe-tip ints outside the TEM sanple h er
béﬁndaryaﬁ%gmtgﬁ’ie S@E’Pf‘“’itﬂﬁ‘efpf@é'ta’fpoé{’%%hﬁ&%ﬁgﬁ e hol der

ange Si MukdndVaUsreryprdfe-tipdfhint And®bdadile Afaclides arfiofdtha FIB;
sanple for examnatjon in a TEM the nethod

cohpri si iYRing P BPPYiBARNYP 2 coIPen dside e FIBpand,

probe ti RSinfadvh ABM sdrhle ROIABE from the probe-tip point and the TEM coupon

19 inside the FIB vacuum chamber.

20
21 26.  The method of claim 24, where the step of joining the probe-tip point to the
22 TEM coupon and forming a TEM sample holder further comprises:

23 providing a TEM sample holder form in the TEM coupon;

24 orienting the probe-tip point and the TEM coupon so that the specimen is
25 approximately centered in the TEM sample holder;

26 embedding the probe-tip point in the TEM sample holder form;

27 cutting off that portion of the probe-tip point outside the TEM sample holder
28 form outer boundary; and,

29 cutting a TEM sample holder free from the TEM coupon.

30
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excising a sanple froma substrate inside a FIB;

attaching the sanple to the probe-tip point inside the
WO-DB5/0468ADVIi Ng every probe-tip point and a sanmpCEUS2004/036560

attached to it fromthe FIB; joining every probe-tip

point to a TEM coupon outside the FIB;, and, formng a

T anp r.am. t [ t

LD LASE of O AT g Y ol HARGE e

exanmpplging ressure go TEMIEMh satimde holderc amipthe giroty:tipppa@nt sbi mgto cause

oot g ey of g TN R s R Aph ey Bpgp bl

FIB; attaching the sanple to the probe-tip point

i nside the FIB; renovi Y, robe-tip point and a

sahpBe atlhapwtiad ohelpim ;4? &E’F %@ﬁ@m J?@}nﬂ.fﬁ@eée@wlses welding the
pr@%?oﬂeh&ﬁb%%th%@EM&ﬁMlé?an i nside the FIB; and,

formng a TEM sanple holder fromthe probe-tip point

and the TEM coupon inside the FIB vacuum chanber. 26.

Th th I [

proBe i e et Qent el e fer bERioRle hRhit APl araching
s agpheeprbiod-the poifitto tHeeFEM canpple h@ider vathoadhekiveg a TEM

sanpl e holder formin the TEM coupon; orienting the
p'bbe-tip point and the TEM coupon so that the

SPEGIMEN The nREHIH Wficiih 24y wh@B ey £6h bMjolnhey ﬂiﬁ%r&x’éﬂﬁbh@es attaching
hol der; enbeddi ng the probe-tip point in the TEM

s &dbheprpbs-dR POIRIGP e EEM?M@@ bfplfiertbbré;herpléalwaa@r dspositipa.
prpbe-tip point outside the TEM sanple hol der form

outer boundary; and, cutting a TEM sanpl e hol der free

f nordilt heTIﬁEMed:’(mdmfmlaim W7wh@d theThatimpeofi of thef partiai of 6, probe-tip

e B R R S R RSP R sl

Pod MbldePareSintudtatcayse pl astic flow of the TEM sanpl e
hol der material about the probe-tip point. 28. The

mét hod of claim 24, where the step of joining further
COIMRbI SegnaBo89r Ll 24 further comprising returning the specimen to the FIB for

19 further thinning after forming the TEM sample holder.

20

21 33. A press for cutting a TEM sample holder from a TEM coupon and joining a
22 probe-tip point with a sample attached to it to the TEM sample holder, the press

23 comprising:

24 an outer die;

25 an inner die situated inside the outer die;

26 a former rod opposing the inner and outer dies;

27 a shear punch situated coaxially with the former rod;

28 a hold-down spring biasing the former rod toward the inner die; and,
29 an actuator for driving the shear punch toward the inner and outer dies.
30

31 34.  The press of claim 33 where the former rod has teeth for flowing TEM sample

32 holder material around the probe-tip point.
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probe-tip point to the TEM sanpl e hol der. 29. The
nmet hod of claim 24, where the step of joining further

W@ oivpiasses attaching the probe-tip point to theCIEN004/036560

sanpl e hol der with adhesive. 30. The nethod of claim
24, where the step of joining further conprises
attaching the probe-tip point to the TEM sanpl e hol der
bylchenical-vapor deposition. 31. The nethod of claim
24, Waer e A liefop Fiebiiﬂi}@ THM sahplé held@s)thd IancoMprisih@:
probe-tip point outside the TEM sanpl e hol der boundary
andl o leastone TENgcopes of a TEM sanpl e hol der are

si prul tan t Gl Al E

compr of ot origprolli, ARIME (P lhath B BEE fpipaba

fust her tahiremj fogjcfing evdrp probedip tpoit TENMesEiN [ceupval aid rfor cutting a
33, A pr forlc Hgi %:Jgkgggnple hol der froma TEM
coﬁpon a 'Eﬁ?ﬁ?ék “Bg%bg-%lB point with a sanple
atgached to it to the TEM sanpl e hol der, the press
conprising: an _outer die; an inner die situated inside
t he But e rT%El kit of glainy3 Srahere die 9B HBFT CARPISer and

ou} ef shelt 88 maRkrigih&Rf, Ppunch situated coaxially with the
former rod; a hold-down spring biasing the forner rod
t dhar d t leee prymere nathe thrawgh theypheglicqonageting ther AW isynplg helder form to
shear punch e inner and outer dies. 34. The
p?gss of%%(§%§$@%g§%e'he former rod has teeth for

f howi ng TEM sanpl e hol der material around the

probe-ti int.. - -35. A kit for. preparing T

D el Dbt 8, el i Bl " the soup
C QU RBRAsistil off Bsphr, %gvbaé@h@ gbldPilvEBickd] aRebdriiBukiavi ng a
probe-tip point; and, a press, for joining every

pidbe-tip point to the TEM coupon and for cutting a

TEMgamphe, ﬁ'oﬁagiﬁI SO D8 SAuPOR sutfe cdiiGoakibds. Of

clai'm 35, ere the coupon further conpri ses:
17

18 39.  The kit of claim 35 where the coupon further comprises alignment holes, for
19 aligning the coupon in a press.
20

21 40.  The kit of claim 35 further comprising:

22 at least one hole in the coupon defining the outer boundary of a TEM sample
23 holder form; the hole having a mouth;

24 the mouth of the hole defining a land of material;

25 the land connecting the TEM sample holder form to the sheet; and,

26 at least one path through the sheet connecting the hole to the edge of the sheet.

27

28 41.  The kit of claim 40, where the hole has a C-shape.

29 ‘

30 42.  The kit of claim 40, where the TEM sample holder has a rectangular shape.
31

32 43,  The kit of claim 35, where the press further comprises:
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a sheet of material; and, one or nore paths through

t he sheet connecting the TEM sanple holder formto the
wedgs/oafsst he sheet. 37. The kit of claim 35, WlET/ES100€036560

sheet conprises a netal, selected fromthe group

consi sting of copper, nolybdenum gold, silver, nickel

and apeuter Hiepym 38. The kit of claim 35 where the sheet

has surface corrugations. 39. The kit of claim35

wher et héR g sifugted isidedomgutersliss al i gnnent  hol es,

for alignif ' ress. ..40. The kit of

claim 35 fﬂ?lteﬁ{ebraoggnp% l%% ﬁ‘é&agﬁ OMEAES one hole in the

cdupon déshear pipch ligiatediceaxiditywithathy fophedod EM sanpl e

hal der f hol e .having.a nouth; the nouth of the

hg e def ?Iﬁ?iﬁél%g“g|5%rﬁ‘%§ebd S‘%éiﬁf‘g@rfa?f;m@ R¥ardihe inserdieeni.ng

t e TEM smavplaeor el dlietng ey skedr Suidhe i b gast

oge pat h t hrough the sgheet c%nnec?‘?%g%%ﬁwlgeﬂgp%g%t%”ﬁﬁe

edge of the sheet. 41. The kit of claim40, where the

hal é4.hasTe G SRRE-43 ' cl aim 40, where the

TEl\%si%rrpl e hol der hag%%ergggt%ﬂf(%rhagﬁeﬁ or flowingihe WM sample

of qidrimatesial perdevetyorghedippoinir t her conpri ses: - 19

-an outer die; an inner die situated inside the outer

die; a former rod opposing the inner and outer dies; a

shear punch situated coaxially with the fornmer rod; a

hol d- down spring biasing the former rod toward the

i nner die; and, an actuator for driving the shear

punch toward the inner and outer dies. 44. The kit of

claim43, where the forner rod has teeth for flow ng

the TEM sanpl e hol der material around every probe-tip

point. -20 -
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