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15 BACKGROUND
Techrical el

The pregent invention relates 1o nspaction and review systems o

datact and analvee defedts in manufactured substrates.



18

WO 2013/082181 PCT/US2012/066887

Description of the Background Art

inspection processses are used at various steps during a
semiconductor manufacturing process fo detect defects on wafers and reficles.
As the dimensions of semiconductor devices decrgase, detaction of defects of
decreasing size has become necassary since aven relatively small defects may
cause unwaniad aberrations in the semiconductor devices.  The inspeclion
precess typically only involves detecting defects on the wafer or reticle and
oroviding limited information abowt the defects such as location on the wafer or
raticle, numbey of defects on the waler or reticle, and somstimes defent sive.

Defect review I8 often used o determine more information abow
individual defects than that which can be determined from inspection results. For
instance, a defect review ool may be used 10 revist defecty detected on a waler
or reticle and o examing the defects further. Defect review typically involves
generating adaitional information about defects at § higher resolution using sither
a high magnification pplics! systerm or a scanning slectran microscope (SEML

Some defects may be selectad as candidates for sub-surface
review. Sub-surface review generglly invohes manually navigating to the
location of 3 selectad defect, manually ocufling the waler or relicle to obain a
cross section, and high-resclution imaging of the oross section. The cif angle is
ysually determined based on 3 reconynendation by a person who is familiar with
the selected defect

i is highly desirable 0 improve ingpeclion and revisw sysiems o

detect and analyre defects in manufaciured substrates.

SUMMARY

One embodiment relates to a meathod of preparation of a sampls of

a substrate for sub-surface review UsSing a scanning slectron Microscope

P
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apparatus. A defect af & location indicated in a first results file is re-detected, and
the iocation of the defect is marked with ai least one discrete marking point
having pradetermined positioning refative to the location of the defect. The
location of the defect may be determined relative 1o the design for the device, and
& cut location and a cut angle may be determined in at least a partly-automated
manner using that information.

Another embodiment relates 1o a system for preparing & sample for
sub-surface review. The system includes at least an inspection apparatus and a
geanning slectron microscope apparatus. The ingpection apparatus is configured
o inspect a device for defects, seleat defects for sub-surface review, and output
datz on the selected defects o a first results file. The scanning electron
rdcroscope appargtus is configured to re-delect a defect at a location indicated in
the first resuits file, mark the location of the defect with at least ane distingt
marking point with predetenmined postioning relative to the location of the defeat,
raceive a design file with a design for the device, ascertain a cut locstion and a
cut angle ut gt least a patdiv-automated manner using the design for the device,
and reviae the first resulis file to generate g second resulls file which includes the
out localion and the cut angle.

Another embodiment relates to a meathod for marking & defect for
review on a farget substrate. A first resulis Hile is oblained from an napeciion
apparatus, and the defect for review is ra-defected atf a location indicated in the
first results Ble. The location of the defect is marked with at least one distingt
marking point with predetermined positioning and separation relative to the defect
for revisw.

Other embodiments, aspects and feature are also disclosed.

(&)
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an sxample defectin an aray of elschronic devices
being formed on & target substrate,

FIG. 2 depicts example defects al different lacations in an array.

FIG. 3 is a flow chart showing a method of sample preparation for
sub-gurface review in gecordance with an embodiment of the invention.

FiG. 4 18 a How diagram showing & method of sample preparation
for sub-surface revigw in accordance with an embodiment of the invention.

FIG. 5 shows an example defect location on a target substrate in
accordance with an embodiment of the invention,

FIG. 6 shows a closer up view and lower-level structures relating to
example defect of FIG. § in accordance with an emboediment of the invention.

FIG. TA shows placement of a one-point mark relative {0 g defect of
interest in accordancs with an embodiment of the invention.

FiG. 7B shows placement of a fwo-point mark refative to g defect of
interest in accordance with an embodiment of the invention.

FIG. 70 shows placement of a three-point mark refative 1o 3 defect
of intereat in accordance with an embodiment of the invention.

FIG. 70 shows placement of 3 four-point mark relative to a defect of
interest in accordance with an embodiment of the invention.

FIG. 8A depicls an exemplary geometrical pattern for a single point
of a mark iy accordance with an embadiment of the invention.

FIG. 8B shows the exemplary geomeirical pattermn of FIG. 8A as
formed on a waler in accordance with an embodiment of the invention.

Note that the figures are nol necessarily 1o scale and are intended
1o #lustrate embodiments of the invention for purposes of providing 8 clear

gxplanation of the invention.
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DETAILED DESTRIPTION

FIG. 1 shows an sxample defectin an aray of elschronic devices
bemng formed on 3 target substrate. n this example, the array 100, as depicted,
includes a two-dimeansional array of conductive plug Teatures. The "normal” (non-
defective) plug featuras in the array 100 are shown with darker-shaded circles,
while the “defect” plug featire s shown with a lighterahaded circle,

it is common 10 see such & voltage-contrast defedct on an inspeaction
machine. However, since the defect only shows wp as a grey-level difference,
the defect may not be visible on the review or FiIB machine. This lack of visibility
oF re-maging some defect types makes re-iocating the defect problematic and is
one reason why convertional practices run info difficuities. These difficulties may
De overcamg by using the systems and methods disclosad herein.

FiG. 2 depicts example defects at different locations in an aray.
The first example defect location is iabeled as "Defect 17, and the sscong
sxample defect location is denoted as “Defect 27 As shown, Defect 1 s in the
vicinity of a comer of the array, while Defect 2 s in g middie of the aray. The
array comer s a8 natural” or inherent fiducial (a feature from the design that
serves 85 8 reference pointy which may be used as g point of referance for Defect
1. There is no inherent fiducial nearby Defect 2, and s0 Defact 2 requires a mark
¢ be made so that it may be re-located.

Today, a typinal flow from inspection 1o sub-surface review may be
as follows: (i} Inspection {etther optical or SEM based) of the target substrate; (i)
review imaging of the target substrate using an SEM; {iil) bin defects and identify
candidates for sub-surface review on g focused ion beam system; (V) use the
review SEM {0 create rectanguiar burn marks {(usually 0.5 to 2.0 microns in
wicth ), each rectanguiar bum mark delineating covering 4 region caniaining one

or more of the candidate defects; (v} image the defects on the review SEM with
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the burn marks; (vi} ransfer the targed substrate and the images from the review
SEM to the focused ion beam {FIB) tool, {vit) manually navigate to each bum
mark in the FIB tool; {viit} manusally cig based on the images using the FIR tool,
where the cul angle s usually based on a recommendation of a person familiar
with the defect; and (i) high-resolution imaging of the sub-swiface defect using
either the FIB {ool, or by removing a biopsy of the targel subsirate and imaging i
a fransmission slectron microscops {TEM).

it has heen determined that there are various issues it the above-
discussed flow that contribute to the difficulty of performing sub-surface review of
defects. First, as discussed above in relation to FIG. 1, sub-surface defacts are
often not visible on the FIB tool which is used for cross sectioning the sample. in
such cases, the cefect must be re-ocated with reference to a fiducial or other
unigue feature on the target substiate.

Second, as discussed above in relgtion to FIG. 2, some sub-surface
defects may be in a middle of an array (not within the Seld of view of an arvay
comer). For these defects, there may be no nearby reference point in the design
{iLe. no inherent fiducial). As a result, rectangular burm marks are conventionally
used o delinsate areas within which the defects are located, and the defecis are
lacated by searching within the marked rectanguiar areas.

However, applicgnis have determingd that the marked reclangular
areas are imprecise, non-standard, and provids limited information as {o the
locations of the defects. For example, iocating 8 20 nm size defect in a 1,000 nm
width burn mark may be practically infeasible.

Hence, most defect candidates for sub-surface review arg chosan
near a design reference point on the {argst substrate, 3o that the design
reference point providas an inherent fiduciary. As a result of nesding to be in the
vicinity of a design reference point, § is difficult to review sub-surface defects

inswle arrayvs wheare there are no inherent fiducials near the defect
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Ancther issue is that burn marks from a SEM may dissipate
depending on the laver. Hence, i there is 3 delay bebveen the marking and the
FIB cudting, then the mark may be gone.

Another issue is that the propsr culting angle for the manual cutis
often unknown or inaccurately estimated. Knowing which angle to cut currently
requires axpert enginsering knowiedgs that may not be present at the time of the
cutting. Current industry practice is {o create g drawing for each defect that the
parson doing the culling can use as a guide. This s a highly manual and ad hoe
procedure that resulls in g low percerdage of succesafud cuts.

The present disclosure provides systams and methods o improve
the precision and reliability of the sample preparation for sub-suiface defect
review.  An imovative alignment ischnigue iz disclosed that enabdes praciss
and reliable slignment within an FIB todl for sample preparation. The alighment
technigus s applicable even (o defect looations within an array withow! unique
sites therein.

i gddition o precision alignment {0 a defect location within the FIB
ool the present disclosure also provides for the non-manust determinaion of ot
angles. This is done using data that s ransferred from the review SEM system
fo the FiB system. The data may include design data, data on the defects of
interasi, and data on vanous alignment markers.

FiG. 3 is a flow chart showing a msthod of sample preparation for
sub-swface review in accordance with an embodiment of the invergion, The left
side of the figure shows steps (302-310) that may be performed at a waler
fabrication facility, and the right side shows steps (322-326) that may be
performed, for example, at a fallure analysis labaratory.

Pear block 302, a targst semicondudcior wafer of reticle {Le. 3 largst
manufgctured substrate) may be inspected. The ingpaction may be parfanmed,

for example, using an optical inspeaction machine or g scamming alecton

i
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microscope (SEM) inspection machine. Such inspection machines are avallable,
for example, from KLA-Tencor Corporation of Milpitas, California. The inspection
pracedure may be performed in accordance with an inspection recipe for the
target substrate. Of the defects detected during the inspection, select defecis
may be binned Tor sub-surface review.  Resulls from the inspection, including the
defects binned for sub-surface review, may be stored in a first resulls file {for
axample, in a "KLA resuits file” or Klad).

FPear plock 304, the inspeaction machine may culputl and send the first
results file {Inspector iarf} {o a review machine. The raview machine may be, for
sxample, 3 SEM review maching. Such 2 review maching is avaiable, for
example, from KLA-Tencor Corporation of Milpitas, California. Altermatively, the
functionalities of the inspection and review machings may be a single SEM
machine which perfarms an ingpection procedures to function as an inspection
machine and performs a review procedure to funchion a5 g evisw machine. in
this case, the first results file from the inspection procedure would be accessed
durirg the review procedure,

Per block 206, the review machine may re-detect and image
defecis which were previously detected by the nspection machine and about
which data was stored in the first results file, The review machine may also
parfonr a preliminary classification of the defects. in particular, the defects
binned for sub-surface review may be re-detected, imaged, and preliminanly
classified.

FPer block 308, a determingtion may be made by the review
naching as o whether g defectis a suspeciad defect of interest for sub-sutface
review. The determination may be based, for example, on the lbeation and
prefiminary classification of the defect. Such a defermination may be performed

for gach defect in the first resulls file.
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Per block 208, design dala may be obiained from a design
nformation database. The design data relales to fegtures, including sub-swfacs
featuras, that are being manufgctured on the target substrate.

Far block 310, if the defect is 3 suspecied defect of ntaerest, then
the defect (and fiducials) may ba marked. The fiducials may include, for
axample, an gray comser which is nearby a defecl. A mark may be formed using
carbon-bum marking, gas-assisted etching, FIB etching, or using other methods.
Exemplary marks are described further below in relation o FIGE. 7A, 7B, 70, 7D,
S& and 88, The exemplary marks indlude one or multiple distinet marking points
{which are preferably separate from sach other and oo not overlap the defedt
lacation) having predeterminad positioning relative to the defect loeation

Iy sscddition, i one ambodiment, the culting Reaticn and culling
angle for a defect may be ascertained in a semi-automated or fully automated
mannar. The defemmination of the cutling focation and angle may be performed
by (&) re-imaging the defect with the marking point{s) in & fully or partly
automated manner; (D) measuring the defect distance of the defect {o the
marking pointis) in a fully or partly automated manner; {o) aligning an image of
the design o the defect and the marking poinl{s) in a fully or partly automated
marmer; and {d} using the design data and any further information about the
defect fype in a manus!, sermi-auiomated, of fudly-automated way o predict or
ascertain an optimal cutling angle 1o view the defect in cress-section.

A defect-dala package may be creatad. The defect-dala packags
may include a second resulls file and also design data from the design
iformation database. The sscond resulis file may nclude the locations of the
marks relative 1o associated defects and may also include cutting locations and
cutting angles for those defects. In one implementation, the second rezulls file

may be created by adding further infarmation o the first resulls file.
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After the marking of the target substrate and the greation of the
defect-data package, the target substrate and the defect-data packags may be
pravided from the fabwication facility {fab) to the fallure analysis laboratory (lab).
As mentioned above, {he defect-dala package may nclude: defect information
fram the inspection machineg and the SEM systems at the fabrication facility;
design dala from the design iformation database; locations and images of at
least one die comer and alignment stes 1o help globally synchronize the
gogrdinate systems bebween the fab and fallure analysis systems; locations and
images of the defect marks and related fdudals; the cutling locations and cutling
angles, and other iformation determined by the fab systems. The sieps at the
fabrication faciiity described below may be performed in a manual, semi-
automatad, or fudly automated way.

Per block 322, after aligning the coordinate system of the FIB
nstrament using the locations and images of the die cormers and alignment siles,
the locations and images of the defect marks and related fiducialg in the defect-
dafa package may be usad by g focused ion beam (FIB) instiument at the lab {o
refocate a defact of interest and ascertain a cutting location and & cutting angle
for that defect of interest. In one embodiment, a dual-beam SEMFIR system
may include the FIB instrument and an SEM instrument. The culting foeation and
the cutling angle may be obtained from the defect-data package f they wers
ascertained previcusly by the fab systems, or they may be asceniained by the
systern at the fallure analysis aboratory.

Par block 3234, cutting may be performed at the defect of at the
ascartgined cutting angle. In addition, imaging of defect afler the cut may be
performed. In one embodiment, the cutling and imaging may be perfarmed using
a dusl-heam SEMFIB system, where the cutting is performed by the FiB

instrurmnent, and the imaging is performed by the SEM instrument.
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Per block 326, the sub-surface defect images and other data may
he output o a third results file. In addition, the cud sample may be provided for
further analysis. For example, the further analysis may include anslysis of a
Cross-sectional sample on a fransmission eleciron microscope (TEM) instrument.

FIG. 4 is a fow diagram showing & method of sample preparation
for sub-aurface review in accordance with an embodiment of the invention. The
flow diagram of FIG. 4 shows steps performed on specific machines.

The steps in block A may be performed on an optical or SEM
inspection machine. The sleps in block Alinclude: (1) inpulting the wafer {or
reficle) and an associated inspection recipe into the ngpection machine; {2}
defecting defects on the waler {or reticle) in accordance with the inspection
recipe; {3} binning or otherwise selecting defacts for sub-swiface review; and {4}
oulputting the inspection data {0 g file {a first resuls file).

The steps in block B may be performed on an SEM inspection
andior an SEM review maching. The steps in block B include: (1) inputting the
walar (or reticie and the first results file {data from Optical or SEM Inspection
System); (23 reviewing and verifying the defects; (3} performing a preliminary
classification of the defects, where defects of interast may be binned or otherwise
selested; {4) marking the defects of interest with predetermined (standard) marks;
(5) re~-imaging the defects of interest with the associated marks; (6)
characterizing the defect locations relative o the associated marks and also fo
the device desigyy, {7) ascerfaining {(predicting; cut location and cut angle relative
fo the marks {and fiducials) in an compiter-auiomated manner {(with fittle or
preferably no input nesded from a human expert); and {8} culpulling defect-
refated data, including the cut lecation and cut angle information, into a file {the
second rasulls filel which may be inciuded, along with design data, i a defect-

data package.

"
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The steps in block C may be performed on an FIB culting machine,
in one embodiment, the FIB cudting machine may be a dual-bsam SEMFIR
machina. The steps in block € include: {1) inputting the wafer {or reticle) and the
defect-data package (data from SEM inspection andfor SEM Review Maching),
{2} re-locating the marks; (3) performing cutling and imaging per the marks and
accompanying data {including the cut angles);, and {4) ouiputting the sub-swface
defect images and other data may be output to a third resulls file, andior the cut
sample may be provided for furthey analyss, for example, using 8 TEM.

FIG. 5 shows an example defect location on a target substrate 500
in accordance with an embodiment of the invertion. In this example, the target
substrate 500 includes a plurality of array banks 502, The example defect
focation & denoted by a ™+ in the diggram. The defec! s located in a particular
rectangutiar array bank 502 which has s comers labeled A7, "R, "C7, and “D¥ in
the diggram. In accordance with an embodiment of the invention, the defect-data
package may include an indication of the defective array bank and the defectio-
array-comer coordinates {Le. the Cadesian coordinates of the vectors from the
defect to each of the array bank cormers).

FIG. 6 shows a closer-up view and bwer-level structures relating fo
axample defect of FIG. § In accordance with an embodiment of the nvention.
Shown in FIG. § are sub-surface horizontal lines which are gate lines 802 for the
slectronic devices and sub-surface diagonal lines which are active areas 604 for
the electronic devives, These lings may be determined from the design dats,
Note that the defect in FIG. 8 is the same voltage-contrast defect as shown in
Fis. 1.

The voltage-contrast defect may be determined 1o be due 1o various
causes. in a first example, the defect may be delermined to be a plug-to-plug
short circuit. In this case, the o angle may be asceartained 1 be parallel to the

gate ling 602, As 3 second example, the defect may be delerminad 1o be g plug-

12
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to-gate short cireult, In this case, the cut angle may be ascerained o he
perpendicular to the gale ine 802, In a third exampls, the defect may be
determined {0 be a junction-leakage defect. In this case, the cul angle may be
ascanained 1o be at a diagonal along the lower-lavel aclive structures 604,

FIG. 7A shows placement of a one-point mark relative to a defect of
interest in accordance with an embodiment of the invention. The defect position is
indicated by the solid circle, and the focation of the marking point s indicated by
the open cirole. The relabive displacement vecior bebveen the marking point and
the defect is predefermined. For example, it may be given by a number of pixels
{al g pradeterminad magrification and resolution} in a predatermined direction
{given a predetermined onentation of the target substrate).

FiG. 78 shows placement of a fwo-point mark relative 1o a defect of
inferest in aceordance with an embodiment of the invention. The defect position
5 again indicated Dy the solid cirdle, and the location of the two marking points
are indicated by the open circles. The relative displacement vectors between
gach of the two marking points and the defect are prededenmined. For example, it
may be given by a number of phels (8t a predetermined magnification and
resolution) i 8 predetermined dirsclion {given a predetermined onentation of the
farget substrate). In an exemplary embodiment, the hwo marking points may be
on opposite sides of the defect ocation and may be an squal distance away from
the defect location.

FIG. 7O shows placement of a three-poind mark relative 1o g defect
of inferest in accordance with an embaodiment of the invention. The defect
poSHon s again indicated by the solid cirdle, and the location of the thres
marking points indicated by the open cirnles. The relative displacement vactors
hetwean each of the thres marking points and the defect are predetermined. For
axample, it may be given by a number of pixels {at & predetermined magnification

and resolution} in a predeteminaed direction {given a predetermined onentation of

13
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the target subsgtrate}. In an exemplary embodiment, the three marking points
may be equidistant from the defect iocation {L.e. on g virtua! circle around the
defect location} and be spread such that there is an angle g of 120 degrees
formead by hwo marking points with the defect location at the vertex,

FIG. 7D shows placament of & four-point mark relative to a defect of
interest in accordance with an embodiment of the invention. The defect position is
again indicated by the solid circle, and the location of the fouwr marking points are
indicated by the open circles, The relative displacement veciors between sach of
the four marking points and the defect are predetermined. For example, tmay
he givan by 3 number of pixels (gt a predetermined magnification and resolution)
in a predetermined direction {given a predetermined orlentation of the target
substrate). In an exemplary embodiment, the fouwr marking points may fonm a
rectangle with the defect locgtion at the canter of the rectangle.

FIG. 8A depicis an exemplary geometrical patiern for g single
marking point in accordance with an embodiment of the invention. The
geometricg! pattern includes alternating "darker” and “lighter” marking regions
around a center location. The marking regions may be formed by carbon-bum
marking, gas-assisted siching, FIB eiching, of using other methods.  The center
location is indicated by the cross-hair in FiG. 8A. The darker regions show up as
darker in an SEM image, while the lighter regions show up as lighter in the SEM
image.

i the exemplary smboediment depicled, thare are two darker
polygon-shaped regions (802 and 808) and two lighter polygon-shaped regions
(804 and 808} These four polygong! regions togethear form a reciangie with the
center ipcation of the marking point at the center of the rectangle.

iy the particudar embodiment shown, the first darker polygonal
region 802 has a first side on the left edge of the rectangle, a second side going

from the upper left comer (o the center of the rectangle, a third side sxtending

14
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fromn the center of the rectangle (o the middie of the bottary adge of the rectangle,
and a fowrth side going from the middie of the bollom edge {0 the lowsr left
corner of the rectangle. The first lighter polvgonal region 804 has g first side on
the top edge of the reclangle, 3 second side going from the uppsr right comer o
& first point which is part of the way down the right side of the rectangie, a third
sicle going from the frst point on the right edge ©© the center of the reclangle, and
a fourth side extending from the center of the rectangle 1o the upper left comer of
the reclangle. The second darker polygonal region 808 has a firs! side going
from the first point an the right edge to 8 second paint furthar down the right
adge, 3 second side going from the seoond point on the right edge o the cender
of the rectangle, and a third side going fram the center of the rectangle 1o the first
paint on the right edge. Finally, the second lighter polygonat region 808 has g
firat side going from the first point on the right edge o a second point further
down the right edge, a second side going from the second point on the nght edge
o the center of the rectangle, and a third side going from the center of the
rectangle to the first point on the right edge.

FIG. 8B shows the exemplary geometrical pattem of FIG. 84 as
formed on & wafer i accordance with an embodiment of the invention. The scale
of the gepmetrical pattemn is indicated by the 5 micron long line double-sided
arrow shown in FIG, 8B, As seen, the center location of the marking point (which
may be used for one point of a multiple-point mark) may be advantageousiy re-

located 10 & sub-micron accuracy.
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Conclusion

The above distlosurs providaes innovative systems and methods for
the praparation of samples for sub-surface defect review. The samples may be
samples of 3 semiconductor walsr or g reticle.

The above-described diagrams are not necessarnily to scale and are
intended be fiustrative and not imiting {0 a particudar implementation. in the
above description, numerocus specific details are given (o provide a thorough
understanding of embodiments of the invention. Howsver, the above description
of Hustrated embodimeants of the invention is not intended to ba exhaustive or fo
fimit the invention {o the precise forms discosed. One skilied in the relevant art
will recognize that the invention can be practiced without one or more of the
spacific detalis, o with ofher methods, componeants, oic. i othey instances, well-
knowrt structures of operations are not shown or describad in detell 1o svoid
obscuring aspeacts of the invention. Whils specific embodiments of, and sxamples
for, the invention are described herein for Hlustrative purposes, various equivalent
modifications are possible within the scopeg of the invention, a8 those skilled in
the relevant art will recognize.

These modifications can be maide o the mvention in Hght of the
above datailed description. The terms used in the foliowing claims should not be
construed 1o imit the ivention (o the specific embodiments digclosed in the
specification and the claims.  Rather, the scope of the mvention 8 o be
delermined by the following claims, which are t© be construed in accordance with

established doctiines of claim interpretation.
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CLAIMS

What is claimed is:

1. A method of preparation of a sample of a substrate for sub-surface review
using a scanning electron microscope apparatus, the method comprising:

obtaining a first results file from an inspection apparatus, wherein the first
results file includes locations of defects detected in a device being manufactured by
the inspection apparatus;

re-detecting a defect at a location indicated in the first results file;

marking the location of the defect with at least one discrete marking point
having predetermined positioning relative to the location of the defect;

receiving a design file with a design for the device;

determining the location of the defect relative to the design for the device;

ascertaining a cut location and a cut angle in an at least a partly-automated
manner using the design for the device; and

revising the first results file to generate a second results file which includes

the cut location and the cut angle.

2. The method of claim 1 further using a focused ion beam apparatus and
further comprising:

performing cutting at the cut location and the cut angle.

3. The method of claim 2 further comprising:
transferring the substrate and communicating the second results file from the

scanning electron microscope apparatus to the focused ion beam apparatus,
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wherein the scanning electron microscope apparatus and the focused ion beam
apparatus are separate systems; and

aligning a coordinate system of the focused ion beam apparatus with a
coordinate system of the scanning electron microscope apparatus using locations
and images of a die corner and alignment sites prior to ascertaining the cut location

and the cut angle.

4. The method of claim 2, wherein the scanning electron microscope

apparatus and the focused ion beam apparatus are integrated in a single system.

5. The method of claim 2 further comprising:
performing imaging to obtain an image of the defect after the cutting is
performed; and

generating a third results file including the image of the defect.

6. The method of claim 5 further using a transmission electron microscope
apparatus and further comprising:

obtaining the third results file; and

performing imaging using the transmission electron microscope to obtain a

cross-sectional image of the defect.

7. The method of claim 1, wherein the mark comprises a multiple-point mark

which has multiple discrete marking points.
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8. The method of claim 1, wherein the marking point comprises a geometrical
pattern which has alternating darker and lighter marking regions around a center

location.

9. The method of claim 1, wherein the defect is in an array and is located

outside of a field of view from a corner of the array.

10. The method of claim 9, wherein the defect comprises a voltage-contrast

defect.

11. A system for preparing a sample for sub-surface review, the system
comprising:

an inspection apparatus configured to inspect a device for defects, select
defects for sub-surface review, and output data on the selected defects to a first
results file;

a scanning electron microscope apparatus configured to re-detect a defect at
a location indicated in the first results file, mark the location of the defect with at least
one distinct marking point with predetermined positioning relative to the location of
the defect, receive a design file with a design for the device, ascertain a cut location
and a cut angle in at least a partly-automated manner using the design for the
device, and revise the first results file to generate a second results file which

includes the cut location and the cut angle.

12. The system of claim 11 further comprising:
a focused ion beam apparatus configured to performing cutting at the cut

location and the cut angle relative to the mark for the defect.
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13. The system of claim 12, wherein the scanning electron microscope
apparatus and the focused ion beam apparatus are separate systems, wherein
the substrate and the second results file are transferred from the scanning electron
microscope apparatus to the focused ion beam apparatus, and wherein a coordinate
system of the focused ion beam apparatus is aligned with a coordinate system of the
scanning electron microscope apparatus using locations and images of a die corner

and alignment sites prior to ascertaining the cut location and the cut angle.

14. The system of claim 12, wherein the scanning electron microscope

apparatus and the focused ion beam apparatus are integrated in a single apparatus.

15. A method for marking a defect for review on a target substrate, the
method comprising:

obtaining a first results file from an inspection apparatus, wherein the first
results file includes locations of defects detected in the target substrate by the
inspection apparatus, wherein the defects detected include the defect for review;

re-detecting the defect for review at a location indicated in the first results file;
and

marking the location of the defect with a mark that comprises at least one
distinct marking point with predetermined positioning and separation relative to the

defect for review.

16. The method of claim 15, wherein the mark comprises a multiple distinct
marking points with predetermined positioning and separation relative to the defect

for review.
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17. The method of claim 15, wherein the distinct marking point comprises a

105 geometrical pattern.

18. The method of claim 17, wherein the geometrical pattern comprises

alternating darker and lighter marking regions around a center location.
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