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(54) Apparatus and method for inspecting a sample of a specimen by means of an electron beam

(57) The invention refers to an apparatus (10) for in-
specting a sample (12) of a specimen (14) by means of
an electron beam (34) comprising a vacuum chamber
(18); an ion beam device (20) for generating an ion
beam (22) used for etching a sample (12) from the spec-
imen (14) within said vacuum chamber (18); an electron
beam device (30) having a scanning unit (32) for scan-
ning the electron beam (34) across said specimen (14)
within said vacuum chamber (18); said electron beam
device (30) having a first detector (36) positioned to de-
tect electrons (38) that are released from the specimen
(14) in a backward direction with respect to the direction

of the electron beam (34); and said electron beam de-
vice (30) having a second detector (40) positioned to
detect electrons (42) that are released from the sample
(12) of the specimen (14) in a forward direction with re-
spect to the direction of the electron beam (34); and sep-
aration means (50; 52) within said vacuum chamber (18)
to separate the sample (12) from the specimen (14) for
the inspection of the sample (12) by means of the sec-
ond detector (40). With the apparatus according to the
invention, it is possible to perform a transmission in-
spection of a sample of a specimen, e.g. a thin slice of
a semiconductor wafer, at a high throughput at compa-
rably low costs.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to an apparatus and
method for inspecting a sample of a specimen by means
of an electron beam. In particular, the invention relates
to an apparatus and method for inspecting a thin slice
of a semiconductor wafer.

BACKGROUND OF THE INVENTION

[0002] For progress in microelectronics, it is important
to have tools for inspecting microelectronical structures
on a chip or wafer with ever increasing spatial resolution.
At the same time, it is important to decrease the costs
of such inspections in order for the industry to fabricate
devices of ever increasing complexity at low costs.
[0003] A prominent tool for such inspections is the
scanning electron microscope (SEM). The SEM uses a
primary electron beam as a means to probe the surface
structure of a given specimen. An interaction of the pri-
mary electron beam with the specimen causes electrons
to be released into a backward direction with respect to
the primary electron beam where they are detected by
an electron detector. By scanning the primary electron
beam across the specimen and determining the rate of
the released electrons at each scan position, an image
of the surface of the specimen with high spatial resolu-
tion is obtained. The spatial resolution of the image is
essentially given by the size of the beam focus.
[0004] Due to the progressing miniaturization of inte-
grated circuits, it has become important to study the
crystal and layer structure of an integrated circuit struc-
ture below the surface of the wafer. This is usually done
by inspecting a cross sectional thin slice (membrane)
from the wafer or chip by means of a transmission elec-
tron microscope (TEM). With a TEM, a spatial resolution
down to the atomic scale can be achieved, which is suf-
ficient to analyze crystal structures and layers which
may be only a few atomic layers thick. The TEM is char-
acterized in that it detects electrons which have been
transmitted through the specimen. Therefore, the detec-
tor of a TEM is positioned behind the specimen. Further,
instead of using a scanning unit for generating an image,
a TEM comprises a complex electron beam optics be-
tween the detector and the specimen to project and
magnify an image of the specimen structure onto the
detector. In order to capture the image of the specimen
structure with high precision, the TEM detector needs
to be highly segmented e.g. like a CCD.
[0005] The preparation and manipulation of a mem-
brane of a wafer or chip for a TEM inspection represents
a major complication because the use of a TEM requires
that the membrane is sufficiently thin (typically 10 to 100
nm thickness) in order for the primary electrons to be
transmitted through the sample. Fabrication and han-
dling of such thin membranes is no easy task. In recent

years, however, the use of focussed ion beam devices
(FIB) for etching a membrane from a wafer has been
established which significantly simplifies the sample
preparation, see e.g. US 6,188,068 by F. Shaapur and
R. Graham, or B. Köhler and L. Bischoff "Entwicklung
einer neuen Technologie zur Probenpräparation für die
Transmissions-Elektronenmikroskopie (TEM) auf der
Basis der Ionenfeinstrahlbearbeitung" from "Wissen-
schaftlich-Technische Berichte", FZR-329, August
2001, ISSN 1437-322X, Forschungszentrum Rossend-
orf.
[0006] Despite the progress in TEM sample prepara-
tion and TEM inspection, it is still complicated, expen-
sive and time-consuming to carry out a TEM inspection
because of the many steps needed for each measure-
ment. For example, for a TEM integrated circuit failure
analysis, it is required to (a) determine the position of
the defect on the wafer or chip surface; this step is usu-
ally performed by an SEM inspection; (b) preparing a
cross sectional membrane from the wafer at the defec-
tive position; this step is usually performed by a FIB; the
FIB may be combined with a second SEM in order to
observe and control the etching of the wafer; (c) moving
the membrane into the TEM, and (d) inspecting the
membrane by means of the TEM.
[0007] Each of the steps is time-consuming and has
its own pitfalls. E.g., step (b) is highly critical because
of the mechanical fragility of the very thin membrane;
step (c) is critical because of a possible pollution of the
membrane in the atmospheric environment during
transport; and step (d) is expensive because the TEM
itself is an expensive device, is difficult to operate which
requires experts that can operate the TEM and evaluate
the measurements. Further, to carry out the steps (a)
through (d) for a TEM membrane inspection requires an
SEM, a FIB or FIB/SEM system, and a TEM, which to-
gether are expensive. Further, SEM, FIB and TEM each
require a high quality vacuum for operation. Providing
such a vacuum each time when a wafer is taken in and
out of the respective device is time-consuming.
[0008] For these reasons, inspections of cross sec-
tional thin slices of a specimen, in particular the inspec-
tion of membranes of a wafer or chip, are expensive.
Cross sectional inspections for a failure analysis of in-
tegrated circuits on a regular basis are therefore not
possible.
[0009] It is therefore a first aspect of the present in-
vention to provide an apparatus and method for inspect-
ing a sample of a specimen which does not have the
above mentioned disadvantages.
[0010] It is a further aspect of the present invention to
provide an apparatus for inspecting a cross sectional
slice (membrane) of a wafer in a cost- and time-saving
way, to make it available in high-throughput production
lines.
[0011] It is a further aspect of the present invention to
provide an apparatus for inspecting a membrane which
reduces wafer handling problems and exposure of the
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membrane to an atmospheric environment.
[0012] It is a further aspect of the present invention to
provide an apparatus for inspecting a membrane of a
wafer which can be integrated into existing semiconduc-
tor fabrication lines in an efficient way.

SUMMARY OF THE INVENTION

[0013] These and other problems are solved by the
apparatus according to claim 1 and by the method dis-
closed in claim 15. Further aspects and improvements
of the invention are disclosed in the description, the de-
pendent claims and the drawings.
[0014] The present invention includes an apparatus
for inspecting a sample of a specimen by means of an
electron beam comprising a vacuum chamber, an ion
beam device for generating an ion beam used for etch-
ing a sample from the specimen within said vacuum
chamber; an electron beam device having a scanning
unit for scanning the electron beam across said speci-
men within said vacuum chamber; said electron beam
device having a first detector positioned to detect elec-
trons that are released from the specimen in a backward
direction with respect to the direction of the electron
beam; said electron beam device having a second de-
tector positioned to detect electrons that are released
from the sample in a forward direction with respect to
the direction of the electron beam; and separation
means within said vacuum chamber to separate the
sample from the specimen for the inspection of the sam-
ple by means of the second detector.
[0015] With the apparatus according to claim 1, it is
possible to inspect the surface of a specimen by means
of the electron beam device and the first detector (SEM
mode), to etch a sample from the specimen by means
of the ion beam device (FIB mode) and to inspect the
sample of the specimen by means of the second detec-
tor (transmission mode), all within the same vacuum
chamber. This way, it is possible that the sample of the
specimen remains in a vacuum until its inspection is fin-
ished. As a consequence, measurements of the sample
are not distorted by a pollution layer which otherwise,
during transport in an atmospheric environment, would
have been formed on the sample. Further, with a com-
mon vacuum chamber, time-consuming venting and
evacuation procedures between a SEM inspection, FIB
etching and transmission mode inspection are eliminat-
ed.
[0016] Further, with the apparatus according to claim
1, no expensive TEM with its complex magnification op-
tics and imaging detector is needed for a transmission
imaging. Instead, the inspection of the sample in the
transmission mode is carried out by the electron beam
device in combination with the second detector. The
electron beam device according to claim 1 in combina-
tion with the second detector may not achieve a spatial
resolution as high as a TEM. However, depending on
the electron beam spot size and the thickness of the

sample, a spatial resolution of 1 nm is still achievable,
which often is sufficient for a failure analysis. (see e.g.
L. Reimer: "Scanning Electron Microscopy, Physics of
Image Formation and Microanalysis ", Chapter 8.4,
Springer Verlag; E. Coyne "A working Method for adapt-
ing the (SEM) Scanning Electron Microscope to Pro-
duce (STEM) Scanning Transmission Electron Micro-
scope Images" Proceedings from the 28th International
Symposium for Testing and Failure Analysis , 3-7 No-
vember 2002, Phoenix, Arizona; or W. E. Vanderlinde
"STEM (scanning transmission electron microscopy) in
a SEM (scanning electron microscope) for Failure Anal-
ysis and Metrology", Proceedings from the 28th Interna-
tional Symposium for Testing and Failure Analysis, 3-7
November, 2002, Phoenix Arizona).
[0017] In addition, even though a TEM may achieve
a higher spatial resolution than a scanning transmission
electron microscope, scanning of the electron beam
makes it possible to create an X-ray image of the sample
of the specimen by providing an additional X-ray detec-
tor which detects X-rays during the scan. The X-ray im-
age carries information not only about the structural
shape but also about the atomic material distribution in
the sample of the specimen. This information can be im-
portant for many applications, in particular for an inte-
grated circuit analysis.
[0018] Further, through the presence of the first and
the second detector, it is possible to perform a high res-
olution imaging of the sample of the specimen with elec-
trons released in a backward direction (i.e. secondary
or backscattered electrons) in parallel to a transmission
mode measurement. Due to the thin sample thickness,
the spatial resolution of the "backward released elec-
tron" image is superior to the spatial resolution of the
inspection on the specimen.
[0019] Further, the apparatus according to claim 1
dramatically saves costs compared to the previously
known equipment needed for an inspection of a mem-
brane of a wafer, which had to include an SEM, a FIB
with an SEM and a TEM. With the apparatus according
to claim 1, the same operations can be performed hav-
ing only an SEM with an additional second detector and
a FIB. The multiple use of the electron beam device
saves considerable purchasing costs. Further, for the
apparatus according to claim 1, vacuum equipment for
only one vacuum chamber instead of two or three vac-
uum chambers is needed. In particular, the operation of
an SEM and its second detector is much easier than a
TEM with its sophisticated imaging beam optics and im-
aging detector.
[0020] The easy handling of the apparatus according
to claim 1 facilitates a high degree of automation, which
is especially useful in a high-throughput semiconductor
fabrication line. Further, the apparatus according to the
invention is characterized in that it is easily integrated
into a given semiconductor processing line where SEMs
are needed anyway for nondestructive inspections dur-
ing the fabrication. By substituting such an SEM by the
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apparatus according to the invention, an inspection of
membranes of wafers being processed in the production
line is made available at comparably low costs. Low
costs and high throughput facilitate cross sectional sam-
ple inspections in the fabrication line on a regular basis
which helps to dramatically improve the quality control.
[0021] The present invention further includes a meth-
od for inspecting a sample of a specimen by means of
an electron beam comprising the steps as described in
claim 15, that is: a) providing an apparatus having a vac-
uum chamber, an ion beam device to generate an ion
beam and an electron beam device to generate an elec-
tron beam; b) introducing the specimen into the vacuum
chamber; c) irradiating the specimen in the vacuum
chamber by means of the electron beam; d) etching the
sample from the specimen in the vacuum chamber by
means of the ion beam; and e) irradiating the sample of
the specimen in the vacuum chamber by means of the
electron beam.
[0022] With the method, it is possible to locate a de-
fect on a wafer (SEM mode), to fabricate a membrane
from the wafer (FIB mode) and inspect the membrane
by means of transmitted electrons (transmission mode)
with only one electron beam device and only one ion
beam device. This way, a surface image and a comple-
mentary cross sectional image of a defective region of
a integrated circuit can be obtained in a time and cost
efficient way. In addition to the low costs, compared to
previously known TEM inspection systems, the method
according to claim 15 can be used to save time by car-
rying out the inspection cycle of the steps c) to e) of claim
15 in vacuum. This eliminates delays due to the repeat-
ed venting and evacuation procedures which are re-
quired for loading and unloading previously known
SEMs, FIBs and TEMs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Some of the above indicated and other more
detailed aspects of the invention will be described in the
following description and partially illustrated with refer-
ence to the figures. Therein:

Fig. 1a to 1d disclose a first embodiment of the in-
vention and steps for the method according to the
invention.

Fig. 2 discloses a second embodiment according to
the invention with two additional voltage sources to
increase the beam transmission energy.

Fig. 3 discloses a third embodiment according to the
invention where the ion beam device and the elec-
tron beam device are oriented to each other at an
angle to have a common focussing position on the
specimen.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] In the description of the detailed embodiments
below, the numbers refer to the enclosed figures 1a to
1d, 2 and 3. However, the figures only represent partic-
ular, nonlimiting embodiments of the invention which on-
ly have the purpose of being illustrative examples. The
description below, even though it makes reference to the
figures, is to be understood in a broad sense and in-
cludes any deviation from the described embodiments
which is obvious to a person skilled in the art.
[0025] Generally, the apparatus 10 according to the
invention is meant to be used for the inspection of any
sample 12 of a specimen 14 which is suitable for trans-
mission microscopy inspection. Preferably, the speci-
men 14 is a solid substrate like, e.g., a semiconductor
wafer or chip, and, preferably, the sample 12 thereof is
a cross sectional thin slice of the wafer or chip. For such
an inspection, the inspection of the wafer 14 with the
electron beam device 30 using the first detector 36 re-
sults in an image of the surface of the wafer 14 (SEM
mode), e.g. to locate a defect on the structured surface
of the wafer, while an inspection of the cross sectional
thin slice 12 with the electron beam device 30 using the
second detector 40 results in an image of the cross sec-
tional structure of the wafer 14 (transmission mode). For
the sake of simplicity, below, without being limited to
such samples, the cross sectional thin slice 12 will be
named "membrane" because of its elasticity and its fairly
thin sheet-like shape.
[0026] Preferably, the membrane 12 is fabricated
from the wafer 14 in a region where the wafer has been
inspected by a previous electron beam surface inspec-
tion with the first detector 36. This way, the image ob-
tained from the membrane and the image obtained from
the wafer surface can be combined to a have comple-
mentary information of that region of the wafer. Prefer-
ably, the membrane has a thickness in the range of 5 to
500 nm and even more preferred, in the range of 10 nm
to 100 nm. This way, the membrane 12 can be inspected
by the electron beam device by means of the second
detector 40 (transmission mode) at typical SEM electron
beam energies of 5 to 50 keV (typically, energies up to
30 keV are used, but some manufacturers offer devices
with 50 keV).
[0027] The vacuum chamber according to the inven-
tion is intended to provide a continuous vacuum during
the irradiation of the wafer 14 by means of the electron
beam device 30 (SEM mode), during the etching the
membrane 12 from the wafer 14 by means of the ion
beam device 20 (FIB mode) and during the irradiation
of the membrane 12 by means of the electron beam de-
vice 30 (transmission mode). Preferably, the vacuum is
maintained during the time between the three operation-
al modes. In this case, the inspection of the membrane
12 and the wafer 14 is carried out without any of the two
having to be in contact with the external environment.
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This greatly improves the reliability of the measure-
ments.
[0028] Typically, the vacuum chamber is made to pro-
vide a vacuum in the region of the specimen which is
better than 10-3 mbar, preferably better than 10-5 mbar.
The better the vacuum, the better the imaging perform-
ance of the electron beam device 30 and the less the
pollution of the membrane 12. Further, preferably, the
vacuum chamber is connected with the ion beam device
20 and/or electron beam device 30 in order to provide
a hermetic vacuum for the electron beam 34 and the ion
beam 22 on their way to from their respective beam
sources to the common vacuum chamber 18.
[0029] The ion beam device 20 is used to generate
an ion beam 22 for etching a sample 12 from the spec-
imen 14. Severing a sample 12 from a specimen 14 by
means of an ion beam 22 has become a standard pro-
cedure (see e.g. US 6,188,068 B1, column 3, line 49 to
column 5, line 12). The focussed ion beam of the fo-
cussed ion beam device (FIB), as described in US
6,188,068, is used to remove wafer material with high
lateral spatial resolution in order to "chisel" a thin cross
sectional membrane from the wafer. Preferably, the ion
beam device 20 according to the invention is equipped
with a mechanism, e.g. an ion beam deflector, to adjust
the landing angle on the specimen. This greatly im-
proves the flexibility for using the ion beam as a knife
that shapes the membrane and cuts it off from the wafer
in a desired shape. Alternatively, the specimen holder
50, which holds the specimen or wafer, is tiltably con-
nected underneath the ion beam device in order to pro-
vide adjustable landing angles for the ion beam 22 on
the wafer to chisel the membrane 12 from the wafer 14.
Preferably, the ion beam source 56 generates an Ga-
ion beam.
[0030] The electron beam device 30 according to the
invention preferably comprises at least one electron
beam source 54 to generate an electron beam 34. The
electron beam source 54 may be any of the electron
beam sources usually used for electron microscopes, e.
g. a thermionic tungsten hairpin gun, or one of the many
types of field emission electron guns known in the art.
Preferably, the electron beam device 30 includes beam
optical components to focus the electron beam onto the
specimen 14 in order to increase the spatial resolution
for both the SEM-inspection mode and the transmission
mode. The electron beam device 30 further, preferably,
includes at least one anode to accelerate the electrons
of the electron beam 34 to a predetermined energy and/
or to define the landing energy on the specimen. For
typical SEM applications on a silicon wafer, the landing
energy is in the range of 100eV to 30 keV. Also, prefer-
ably, the electron beam device 30 includes a focussing
lens 33 to focus the electron beam 34 onto the specimen
14 or onto the sample 12 of the specimen 14 with a spot
size down to 1 nm.
[0031] The electron beam device 30 further includes
a scanning unit 32 for scanning the electron beam 34

across the specimen 14 and/or the sample 12 of the
specimen 14. This way, the electron beam device 30 can
be operated as an SEM to inspect the surface of the
specimen using the first detector 36 to detect the elec-
trons 38 that are released from the specimen 14 in a
backward direction with respect to the direction of the
electron beam 34. Further, with the scanning unit 32, the
electron beam device 30 can be operated as a scanning
transmission electron microscope to inspect the sample
12 of the specimen 14 in the transmission mode by using
the second detector 40. The second detector is meant
to detect the electrons 42 that are released from the
specimen 14 in a forward direction with respect to the
direction of the electron beam 34.
[0032] The first detector 36 is meant to cover at least
some of the area of the upper hemisphere of the spec-
imen 14. The term "upper hemisphere" refers to the
hemisphere into which electrons 38 are directed which
are released from the specimen 14 in a backward direc-
tion with respect to the electron beam 34. The first de-
tector 36 may be enclosed within the electron beam col-
umn 31 as shown in the figures 1a) to 1d); however it is
also possible to position the first detector 36 outside of
the emitter beam column 31, e.g. at the side of the elec-
tron beam column 31 for backward electrons 38 detec-
tion.
[0033] The size and design of the first detector 36 de-
pends on the design of the electron beam device 30, in
particular on the available space and the electric field
distribution in the electron beam region. In the figures
1a to 1d, the first detector 36 surrounds the electron
beam axis with a circular symmetry in order to detect
backwards directed electrons 38 which have entered
the electron beam device 30 through the focussing lens
33. Preferably, the first detector 36 is a semiconductor
detector, or a scintillation-photomultiplier detector
(Everhart-Thornley detector). Both detectors are prefer-
ably capable of detecting secondary electrons having
an energy of typically 0 to 50 eV, and backscattered
electrons having an energy up to the full primary elec-
tron beam energy.
[0034] The second detector 40 is meant to cover at
least some area of the lower hemisphere of the sample
12 of the specimen 14. The term "lower hemisphere"
refers to the hemisphere into which electrons 42, which
are released from the sample 12 in a forward direction
with respect to the electron beam 34, are directed. The
size and design of the second detector 40 can be quite
freely chosen, since below the sample there is more
space and fewer electric field constraints for the second
detector. However, the larger the area of the lower hem-
isphere covered by the second detector, the better the
signal-to-noise ratio of the transmission image.
[0035] Preferably, the first detector 36 and/or the sec-
ond detector 40 are essentially non-imaging detectors,
i.e. detectors which are not segmented to obtain a pixel
image. Rather, it is preferred that first detector 36 and/
or the second detector 40 are each one-channel detec-
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tors, which are significantly easier to operate than an
imaging detector like, e.g. a CCD or any other multi-pixel
detector. An imaging detector is not required for the ap-
paratus according to the invention since the imaging is
preferably performed by scanning the electron beam
across the specimen or the sample of the specimen.
[0036] There are several options regarding the type
of detector to take as second detector 40. In one pre-
ferred embodiment of the invention, the second detector
40 is a semiconductor detector. In another preferred em-
bodiment, the second detector 40 is a Everhart-
Thornley detector. In a third preferred embodiment, the
second detector 40 is a scintillator detector using a pho-
tomultiplier to amplify the scintillator signal. In this case,
preferably, a light guide is used to transfer the scintillator
signal to the photomultiplier.
[0037] Further, it is preferred that the distance be-
tween the focussing lens 33 and the second detector 40
is smaller than 10 cm and even more preferred smaller
than 5 cm. A close distance of the second detector 40
to the focussing lens 33 may be used to have the sample
12 close up to the second detector 40. This makes it
easier to detect a large solid angle of the "lower hemi-
sphere" with a small detector area.
[0038] The apparatus according to the invention fur-
ther includes separation means 50, 52 for separating the
sample 12 from the specimen 14. Preferably, the sepa-
ration means 50, 52 includes a specimen holder 50 to
hold the specimen 14. It is further preferred that the
specimen holder 50 is capable of moving the specimen
from the inspection position below the electron beam
device 30 to the etching position below the ion beam
device 20, and retour. This way, the specimen holder 50
can be used to position the specimen 14 for the surface
inspection by the electron beam device (SEM mode) as
well as for the ion beam treatment (FIB mode) for the
preparation of a sample from the specimen. In the case
that the specimen 14 is a semiconductor wafer or a chip,
the specimen holder 50 may be a movable wafer chuck.
[0039] Preferably, the specimen holder 50 also in-
cludes some mechanical means to tilt the specimen with
respect to the ion beam axis. This way, the landing angle
of the ion beam 22 onto the specimen is adjustable to
"chisel" a desired sample from the specimen with higher
flexibility.
[0040] Preferably, the separation means 50, 52 fur-
ther include a sample holder 52 to hold the sample 12.
Preferably, the sample holder 52 is movable in order to
pick up the sample 12 from the specimen and move it
away from the specimen 14. Preferably, the sample
holder 52 is capable of moving the sample to the elec-
tron beam device 30 for the inspection in transmission
mode, i.e. by means of the second detector 40. It is fur-
ther preferred that the sample holder 52 moves the sam-
ple 12 to the electron beam device 30 in a vacuum. This
way, the sample 12 is not exposed to the atmosphere.
[0041] The particular shape and functionality of the
sample holder 52 depends on the application and the

kind of specimen. The technology to pick up and move
a thin membrane is known in the art, e.g. US 6,188,068
B1 discloses an example of such a sample holder in col-
umn 5, lines 12 to 62, where a sample holder with a glass
tip is used to pick up a membrane from a wafer to carry
it to a TEM for TEM inspections. A similar sample holder
52 can be used for the present invention if the specimen
14 is a wafer and the sample 12 is a membrane (see fig
1a to 1d). In this case the sample holder 52 is designed
to carry and position the sample into the electron beam
34 of the electron beam device 30.
[0042] As an alternative, it is preferred that the appa-
ratus 10 includes a support structure which is formed
and positioned to hold the sample 12 into the electron
beam 34 of the electron beam device 30. In this case,
the sample holder 52 is to move the sample 12 to the
sample holder to lay it thereon. Such a procedure pro-
vides a good stability of the specimen during inspection
in the transmission mode. The support structure prefer-
ably holds the sample 12 between the focussing lens 33
and the second detector 40. Further, the support struc-
ture is preferably shaped in a way that it leaves a free
passage for the electrons 42 released from the sample
12 in a forward direction to the second detector 40.
[0043] Preferably, the electron beam column 31 of the
electron beam device 30 is essentially in parallel to the
ion beam column 21 of the ion beam device 20. In this
way, the electron beam 34 and the ion beam 22 can be
made to have the same landing angle on the specimen
14 in order to inspect or etch the specimen. However, it
is also preferred that the electron beam device 30 has
a tilting mechanism in order to inspect the specimen 14
under different landing angles. Similarly, it is also pre-
ferred for the ion beam device 30 to have a tilting mech-
anism in order to etch the specimen at different angles.
A tiltable ion beam device 20 provides more flexibilty to
etch a membrane or any other sample 12 from a given
specimen 14 in any desired shape. In addition, or alter-
natively, the ion beam device 30 is provided with beam
optical components, e.g. a beam deflector or a beam
shifter, to move the ion beam 22 across the specimen
14 at various angles to obtain a desired sample 12 from
the specimen 14.
[0044] Preferably, the sample holder 52 and/or the
support structure are made to be electrically connecta-
ble to a DC voltage source V1 in order to be able to ad-
just the landing energy of the electron beam 34 on the
sample 12 of the specimen. This way, the electron beam
device 30 can be operated at higher landing energies
during the transmission mode than without the first volt-
age source V1. During the transmission mode, a higher
energy is preferred for a higher spatial resolution. Typi-
cally, the DC voltage source V1 is capable of providing
a voltage of up to 10 keV and preferably up to 50 keV
to the sample 12. In the SEM mode, the landing energy
on the specimen 12 is preferably between 5 keV to 50
keV or, more preferred, between 0,1 to 30 keV.
[0045] Fig. 1a to 1d illustrate a preferred method for
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inspecting a sample of a specimen according to the in-
vention. In the figures, the specimen 14 is a silicon wafer
having an integrated circuit ingrained. The apparatus 10
is preferably integrated in a integrated circuit production
line.
[0046] Fig. 1a to 1d disclose an electron beam device
30 with an electron beam column 31 having an electron
beam source 54, a scanning unit 32 to deflect the elec-
tron beam 34 across the wafer 14, a focussing lens to
focus the electron beam 34 down to a focus spot size of
less than 10 nm. The electron beam device 30 further
includes an electron detector 36 (first detector) to detect
the electrons 38 which are released backwards into the
upper hemisphere due to an interaction of the electron
beam 34 with the wafer 14..
[0047] Fig 1a further discloses an ion beam device 20,
which in Fig. 1a is a focussed ion beam device (FIB).
The FIB 20 includes a Ga-ion beam source 56 and an
ion beam scanning unit 66 to scan the ion beam 22
across the wafer 14 to etch a membrane 12 out of the
wafer. The focus of the ion beam 22 on the wafer 14 is
typically 5 to 100 nm wide. With the ion beam 22, the
FIB 20 is capable of etching a membrane 12, which has
to be only a few tens of nanometers thick, out of the
wafer 14. The ion beam column 21 of the FIB 20 and
the electron beam column 31 of the electron beam de-
vice 30 are oriented parallel to each other.
[0048] Fig. 1a further discloses a stage 68 on whose
surface the specimen holder 50 can be moved from the
inspection position 62 to the etching position 64. The
stage 68 also carries the sample holder 52 which can
be moved along the stage surface. The sample holder
52 has a handling arm 70 to move the tip 72 for picking
up and positioning the membrane 12 at a desired posi-
tion.
[0049] Stage 68, sample holder 52 specimen holder
50 and the second detector 40 (which in Fig. 1a is par-
tially covered by specimen holder 50) are all enclosed
by the vacuum chamber 18 in order to provide a vacuum
better than 10-5 mbar. The high vacuum is necessary to
minimize electron beam spreading. The common vacu-
um chamber 18 makes it possible that the apparatus can
be operated in the SEM mode, the FIB mode or the
transmission mode without ever having to break the vac-
uum when switching from one mode to the other. This
way, the membrane 12 is never exposed to environmen-
tal pollution during the inspection procedure..
[0050] Fig. 1a shows the apparatus 10 during SEM
mode operation, i.e. the wafer 14 is being scanned by
the electron beam 34 using the scanning unit 32 while
the FIB 20 is switched off. The landing energy of the
electron beam 34 on the wafer 14 is 0,1 to 30 keV. The
electron beam 34 impinges on the wafer 14 because of
which electrons 38 are released in a backward direction.
The first detector 36, which in this embodiment is a scin-
tillation detector, detects and counts the number of
backwards directed electrons 38 for each scanning po-
sition. This way, an image of the surface structure of the

wafer is generated with a spatial resolution of close to
1 nm. The image of the surface of the wafer 14 is used
to determine whether and which region of interest
should now be inspected in the transmission mode.
[0051] In the case that no region of interest for a trans-
mission mode inspection is found on the wafer, the wafer
14 is forwarded to the next processing unit of the sem-
iconductor production line for completing the process-
ing. However, in the case that the SEM image of the wa-
fer indicates a region of interest for further inspection in
the transmission mode, the specimen holder 50 is
moved on the stage 68 from the inspection position 62
to the etching position 64 in order to start the FIB mode
to etch a membrane 12 from the wafer 14. To etch the
membrane at the determined region of interest of the
wafer 14, it is important that a communication unit (not
shown) communicates the coordinates of the region of
interest as measured by the electron beam device in the
SEM mode to the specimen holder 14 and/or FIB. This
way, the specimen holder 50 can be moved into the cor-
rect etching position 64 in order to etch the wafer 14 at
the position where the region of interest is.
[0052] Fig. 1b shows the apparatus of Fig. 1a during
the FIB mode operation. In the FIB mode, the electron
beam device 30 is switched off and the FIB 30 generates
an ion beam 22 to etch the membrane 12 out of the wafer
14 by scanning the ion beam in the region of interest.
The method of etching a membrane 12 from a wafer 14
by means of a FIB ion beam has been discussed earlier
and is known in the art.
[0053] Once the membrane 12 has been etched, the
specimen holder 50 with the etched wafer 14 and the
membrane 12 still lying on it is moved back into the in-
spection position 62. There, the specimen holder 50 is
tilted in order to allow for an easy extraction of the mem-
brane 12 from the wafer 14. During this process, the
electron beam device 30 can help to determine the exact
position of the membrane 12 within the wafer 14. With
the information of the membrane position, the sample
holder 52 is moved on the stage 68 towards the wafer
14 to pick up and lift the membrane 12 away from the
wafer 14. The picking of the membrane 12 is performed
by means of an electrostatic force generated between
the tip 72 of the sample holder 52 and the membrane
12. Fig. 1c illustrates the scenario at the moment when
the tip 72 of the specimen holder 52 comes into contact
with the membrane 12 on the wafer 14.
[0054] Once the membrane 12 has been lifted by the
arm 70 of the sample holder 52, the specimen holder 50
is moved away from the inspection position 62 to make
space for the inspection of the membrane 12 in the
transmission mode. Then, the membrane 12 is posi-
tioned by the sample holder 52 between the focussing
lens 33 and the second detector 40 for the inspection in
the transmission mode.
[0055] Fig. 1d illustrates the scenario during the in-
spection of the membrane 12 in the transmission mode.
The second detector 40, a scintillation detector, is used
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to detect the electrons 42 which have been released
from the membrane 12 in a forward direction with re-
spect to the electron beam 34 while the electron beam
34 is scanned across the membrane 12. By evaluating
the electron signal of the scintillation detector 40 with
respect to the according scanning position, a transmis-
sion image of the membrane is generated. Even though
the spatial resolution of such a scanning image may not
be sufficient to reveal the crystal structure of the mem-
brane, the spatial resolution is usually high enough to
image very thin layers and details of interface regions
between the layers.
[0056] It should be mentioned that during the trans-
mission mode it is also possible to detect electrons 38
which are released from the membrane 12 in a back-
ward direction with respect to the electron beam 34 by
means of the first detector 36. The image generated by
the first detector 36 can help to obtain complementary
information about the surface of the membrane (which
corresponds to a cross section of the wafer from which
the membrane has been formed).
[0057] Fig. 2 illustrates the same apparatus like in Fig.
1a to 1d, with the difference that a first voltage of the
first voltage source V1 and a second voltage of the sec-
ond voltage source V2 are applied between the sample
holder 52 and vacuum chamber 18, and the scintillation
detector 40 and vacuum chamber, respectively. The first
voltage source V1 is mainly used in the transmission
mode to apply a positive voltage to the membrane 12 in
order to increase the transmission energy of the elec-
trons of the electron beam 34 when they pass through
the membrane 12. With a higher transmission energy,
the spatial resolution of the transmission mode image
can be increased to see even more details of the mem-
brane structure.
[0058] In the SEM mode, the voltage of the first volt-
age source V1 is usually decreased in order to make
sure that low energy secondary electrons can reach the
first detector 36. A low voltage of the first voltage source
V1 also keeps the landing energy low to obtain a higher
spatial resolution in the SEM mode.
[0059] The second voltage source V2 is used to adjust
the voltage of the second detector 40 to make sure that
the transmitted electrons 42 have enough energy to
reach the detector even when the membrane is lifted to
a more positive potential.
[0060] Fig. 3 illustrates a further embodiment of the
invention. The apparatus 10 of Fig. 3 is the same as the
apparatus 10 of Fig. 1a to 1d, with the difference that
the FIB 20 is tilted with respect to the electron beam
device 30. The tilting angle of the FIB 20 is such that the
ion beam 22 and the electron beam 34 can be directed
onto the same region on a wafer 14. This way, it is pos-
sible to inspect the wafer 14 during the etching of the
wafer 12 by means of the FIB 20, i.e. SEM mode and
FIB mode can be carried out at the same time. In this
case, it is not necessary to move the specimen holder
50 to the FIB after inspection in the SEM mode. This

might help to increase the precision for etching the
membrane 12 at the desired region of interest.

Claims

1. An apparatus (10) for inspecting a sample (12) of a
specimen (14) by means of an electron beam (34)
comprising:

a vacuum chamber (18);

an ion beam device (20) for generating an ion
beam (22) used for etching a sample (12) from
the specimen (14) within said vacuum chamber
(18);

an electron beam device (30) having a scan-
ning unit (32) for scanning the electron beam
(34) across said specimen (14) within said vac-
uum chamber (18);

said electron beam device (30) having a
first detector (36) positioned to detect electrons
(38) that are released from the specimen (14)
in a backward direction with respect to the di-
rection of the electron beam (34); and

said electron beam device (30) having a
second detector (40) positioned to detect elec-
trons (42) that are released from the sample
(12) of the specimen (14) in a forward direction
with respect to the direction of the electron
beam (34); and

separation means (50; 52) within said vacuum
chamber (18) to separate the sample (12) from
the specimen (14) for the inspection of the sam-
ple (12) by means of the second detector (40).

2. The apparatus according to claim 1, whereby
the electron beam device (30) includes a focussing
lens (33) to focus the electron beam (34) onto the
specimen (14) or sample (12).

3. The apparatus according to any one of the previous
claims, whereby
the separation means (50; 52) include a specimen
holder (50) to hold the specimen (14).

4. The apparatus according to claim 3, whereby
the specimen holder (50) is capable of moving the
specimen (14) away from an inspection position
(62).

5. The apparatus according to claim 3 or 4, whereby
the specimen holder (50) is capable of tilting the
specimen (14) with respect to said moving direction.

6. The apparatus according to any one of the previous
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claims, whereby
the separation means (50; 52) include a sample
holder (52) to hold the sample (12).

7. The apparatus according to claim 6, whereby
the sample holder (52) is capable of holding the
sample (12) by means of an electrostatic and/or
capillary force.

8. The apparatus according to claim 6 or 7, whereby
the sample holder (52) is capable of moving the
sample (12) into an inspection position (62).

9. The apparatus according to any one of the previous
claims, whereby
the apparatus (10) includes a support structure po-
sitioned to hold the sample at a position between
the scanning unit (32) and the second detector (40)
and preferably between the focussing lens (33) and
the second detector (40).

10. The apparatus according to any one of the previous
claims, whereby
the electron beam device (30) comprises an elec-
tron beam column (31) and/or the ion beam device
(20) comprises an ion beam column (21).

11. The apparatus according claim 10, whereby
the electron beam column (31) is essentially in par-
allel to the ion beam column (21).

12. The apparatus according to claim 10 or 11, whereby
the electron beam column (31) is connected to a
tilting mechanism to tilt the electron beam column
(31) with respect to the ion beam column (21).

13. The apparatus according to claim 10, 11 or 12,
whereby the ion beam column (21) has optical com-
ponents to change the landing angle of the ion
beam (22) on the specimen (14).

14. The apparatus according to any one of the previous
claims, whereby the sample holder (52) is connect-
able to a voltage source V1 to adjust the landing
energy of the electron beam (34) on the sample
(12).

15. The apparatus according to any one of the previous
claims, whereby
the first detector (36) and/or the second detector
(40) is a detector using a scintillator and a light
guide.

16. The apparatus according to any one of the previous
claims, whereby
the first detector (36) and/or the second detector
(40) is essentially a non-imaging detector.

17. The apparatus according to any one of the claims
2 to 16, whereby the distance between the focuss-
ing lens (33) and the second detector (40) is smaller
than 50 cm, preferably smaller than 10 cm and even
more preferred smaller than 5 cm.

18. Method for inspecting a sample (12) of a specimen
(14) by means of an electron beam (34) comprising
the steps:

a) providing an apparatus having a vacuum
chamber (18), an ion beam device (20) to gen-
erate an ion beam (22) and an electron beam
device (30) to generate an electron beam (34);

b) introducing the specimen (14) into the vacu-
um chamber (18);

c) irradiating the specimen (14) in the vacuum
chamber (18) by means of the electron beam
(34);

d) etching the sample (12) from the specimen
(14) in the vacuum chamber (18) by means of
the ion beam (22); and

e) irradiating the sample (12) of the specimen
(14) in the vacuum chamber (18) by means of
the electron beam (34).

19. Method according to claim 18, whereby during step
c), electrons released from the sample (12) in a
backward direction with respect to the direction of
the electron beam (34) are detected.

20. Method according to claim 18 or 19, whereby during
step e), electrons released from the sample (12) in
a forward direction with respect to the direction of
the electron beam (34) are detected.

21. Method according to any one of the claims 18 to 20,
whereby during step e), the electron beam (34) is
scanned across the sample (12).

22. Method according to any one of the claims 18 to 21,
whereby during the period of processing the steps
c) to e), a vacuum is maintained in the vacuum
chamber.

23. Method according to any one of the claims claims
18 to 22, whereby the specimen (14) and the sam-
ple (12) become separated by separating means
(50; 52) comprising a specimen holder (50) and a
sample holder (52).

24. Method according to any one of the claims 18 to 23,
whereby the sample holder (52) and/or the speci-
men holder (50) are moved to separate the sample
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from the specimen.

25. Method according to any one of the claims 18 to 24,
whereby the sample holder (52) is moved to posi-
tion the sample (12) into the electron beam (34).

26. Method according to any one of the claims 18 to 25,
whereby the sample is positioned by the sample
holder under vacuum conditions.

27. Method according to any one of the claims 18 to 26,
whereby the sample holder (52) holds the sample
(12) by means of electrostatic and/or capillary forc-
es.
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