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Description

TECHNICAL FIELD

[0001] The present invention relates to an apparatus
for the controlled removal of material from surface sci-
ence technology or electron microscopy specimens as
part of a specimen preparation technique. More specifi-
cally, the invention relates to a device including both high
and low energy ion milling capabilities within a closely
controlled environment, including, but not limited to, the
parameters of specimen temperature, specimen location
and vacuum. The invention further relates to a method
for utilizing the disclosed device for the preparation of
surface science technology or electron microscopy spec-
imens.

BACKGROUND ART

[0002] A charged particle instrument uses electrons
that interact with a specimen to gain information from the
specimen. Examples of such instruments are transmis-
sion electron microscope, atomic force microscopes, at-
om probe field ion microscopes and devices incorporat-
ing other scanned probe and x-ray technology for high
magnification and imaging. Additionally, high angle an-
nular dark field detections may be utilized in conjunction
with such devices for high resolution scanning or trans-
mission electron microscopy. In order for a specimen to
be viewed using these devices, and more particularly, a
transmission electron microscope, or TEM, it must have
a portion or area that is electron transparent and atomi-
cally clean, meaning it is on the order of one atomic layer
to 5 microns thick, depending on the material and the
accelerating voltage of the TEM. One method of creating
an electron transparent area in a specimen involves first
mechanically reducing the size of the specimen in a gross
fashion utilizing cutting, cleaving, thinning or polishing
techniques, such as with a dimpling grinder or wedge
polisher, and then ion milling the specimen. In ion milling,
one, or preferably two, ion beams comprised of an inert
gas, such as argon, are generated by an ion beam source
or sources, otherwise known as ion guns, and are aimed
at the mechanically reduced portion of the specimen. In
some instances, corrosive beams may also be utilized
for specific reduction or modification of the specimen ma-
terial. Preferably, one ion beam is aimed at the top of the
specimen at an angle of approximately 5-10° from hori-
zontal, and a second ion beam is aimed at the bottom of
the specimen at an angle of approximately 5-10° from
horizontal. The ion beams remove material from the
specimen by momentum transfer. Typically, ion milling
is used to create a small hole in the center of the already
mechanically thinned portion of the specimen such that
the portions of the specimen adjacent to the hole are
electron transparent. The ion beams used in convention-
al ion milling are on the order of 250 mm-2 mm in diameter,
and have ion energies on the order of 0.5-10 keV, ac-

complishing material removal, or milling rates on the or-
der of 20 mm/hr. Conventional ion milling has been ac-
complished utilizing lower energy devices, typically in the
50-100 eV range, but devices designed for this low en-
ergy utilization are frequently incapable of developing
higher energies with appropriate current. Additionally,
devices capable of higher energy, higher current milling
cannot maintain a small beam diameter. These devices
typically achieve a beam diameter as low as 1 mm, such
as the Technoorg Linda Gentle Mill, manufactured by
Technoorg Linda, Budapest, Hungary.
[0003] Another device used to prepare specimens is a
focused ion beam, or FIB. FIB milling was originally de-
veloped for circuit editing in the semiconductor industry
to cut and weld traces. In FIB milling, a small diameter,
high energy ion beam is generated from a liquid metal
source. Typically, the diameter of the ion beam is on the
nanometer scale and the energy of the beam is on the
order of 5-30 keV. In light of its small beam diameter, FIB
milling may be used for very fine cutting applications.
Additionally, because of this fine cutting capability, fo-
cused ion beam etching has also been used for other
specimen preparation to create the electron transparent
area. For example, FIB milling is often used to create
TEM specimens from processed microelectronic wafers.
One common example of such use of the FIB technique
is known as an H-Bar sample. In an H-Bar sample, two
trenches, approximately 20 micron wide, are cut into the
top and bottom of a cleaved or ground section of a wafer,
leaving an electron transparent area between the trench-
es. One problem with focused ion beam etching as used
in TEM specimen preparation is, because of the high ion
energy and/or mass, the FIB processes often damage
the crystalline structure of the specimen, thereby causing
amorphization. In addition, the metal ions tend to pene-
trate the specimen substrate, a condition known as im-
plantation. Amorphization and implantation both ad-
versely affect the quality of the TEM image that may be
obtained from the specimen. Conventional ion milling
may be used to remove or remedy some of this amor-
phization and implantation. However, because the ion
beam used in conventional ion milling is typically on the
order of 1 mm and the trenches in an H-Bar sample are
on the order of 20 microns, the ion beam will often remove
some specimen material from the edges surrounding a
trench and deposit that material in the trench. This prob-
lem, known as redeposition, also adversely affects the
quality of the TEM image obtained from the specimen.
[0004] A variety of other methodologies are utilized ei-
ther with or without the use of a FIB. These include grind-
ing and polishing a specimen into a relatively thin, wedge
shaped orientation, which may then be viewed at the thin
edge of the wedge or carved directly from the face of a
substrate utilizing the FIB. In one particular methodology,
a thin slice of material is removed from a solid substrate
by removing a trench of material immediately adjacent
the thin slice or section of the substrate material to be
viewed. The thin slice is protected during the milling of
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the trench and is subsequently removed once the area
around it has been cleared by cutting the thin, roughly
rectangular section away from the surrounding substrate
walls.
[0005] In any of the previous examples of specimen
preparation, the use of mechanical grinding and cutting
techniques, as well as cutting and thinning through the
use of the FIB, results in relatively localized amorphous
damage to the specimen as described above. A number
of techniques have been utilized in the prior art to alleviate
both the creation of the damage to the specimen during
its initial preparation, as well as remove the damage cre-
ated by that preparation. Such techniques include the
use of gas plasma, as disclosed in Fischione, United
States Patent No. 5,633,502. Various alternative prepa-
ration techniques, as described above, have further been
developed for the purpose of exposing an appropriate
area of interest of the specimen in such a manner that
the physical separation of the sample section containing
the area of interest from the surrounding substrate layer
and the thinning of the sample take place in an area spa-
tially removed from the particular area of interest.
[0006] As will be apparent to those skilled in the art,
the use of lower energy ions for less abrasive mechanical
techniques would minimize specimen damage, however,
the ability to solely utilize these techniques while retaining
a reasonable preparation time and treating a given area
of the specimen without redeposition has not been re-
solved.
[0007] The requirement of electron transparency
therefore necessitates the utilization of some electrical,
chemical, thermal or mechanical preparation methodol-
ogy before the exposure of the surface at the precise
area of interest. Prior ion milling devices have been uti-
lized in a variety of ways to achieve these same purposes.
Typical ion milling energies and prior art devices, how-
ever, range from 0.5 to 10 keV. Alternative methodolo-
gies for reducing the impact damage of such traditional
ion sources include the use of milling at low angles in
order to reduce the direct impact of the ions utilized for
milling on the specimen surface and for the more careful
and controlled removal of specimen material from that
surface. Ion Mill Model No. 1010, currently manufactured
by E. A. Fischione Instruments, Inc. of Export, Pennsyl-
vania, is a typical example of the prior art mill. It incorpo-
rates the use of hollow anode discharge, or HAD, ion
sources, which are mounted adjacent to a tilting and ro-
tating specimen stage. The use of the tilting and rotating
specimen stage allows for the manipulation of the spec-
imen relative to the HAD ion sources and for projecting
and moving the ion beam across the surface of the spec-
imen. While ion mills of the prior design have been ef-
fective, new developments in nanotechnology, electron
microscopy and the continued sub-miniaturization of the
specimen areas of interest have necessitated further im-
provements in both the magnification power of the trans-
mission electron microscopes as well as the need for
reduction of specimen damage during preparation. At

higher levels of magnification, the damage from prior art
preparation techniques threatens not only to overwhelm
the field of view in specimen imaging, but also to produce
a variable and unpredictable modification of the speci-
men structure. What is lacking in the art, therefore, is a
methodology of thinning a specimen to electron trans-
parency which provides both time efficient gross speci-
men preparation and thinning capability, and finely con-
trolled finishing capability, while minimizing damage to
the specimen through the use of both high and low energy
ion beams having a relatively small beam diameter.
[0008] What is further lacking in the art, moreover, is
the ability to prepare the specimens with minimal damage
utilizing a variety of techniques or devices under carefully
controlled conditions of temperature and vacuum. A
number of devices are currently identified in the prior art
which provide many of the features identified above, but
which are provided only in discreet implementations or
devices without regard to the condition of the specimen
being transferred between such preparation devices or
intermediate such techniques.
[0009] DE 2950725 U1 discloses an ion beam etching
device comprising two ion sources positioned opposite
each other that operate at a voltage of 1 - 10 keV whose
beam is aimed at a specimen and may have a beam
diameter of 0.5 mm.

DISCLOSURE OF INVENTION

[0010] The present invention provides a device for the
selective removal of material from a specimen utilizing
ion impingement, comprising a vacuum chamber, an ion
source module mounted within said vacuum chamber,
said ion source module capable of generating at least
one beam of ions having a selectable energy level within
an effective continuous energy range from 10eV to, a
stage for supporting and manipulating said specimen
within said vacuum chamber for selective impingement
of said at least one beam of ions upon said specimen
under vacuum, and means for focusing said at least one
ion beam onto an impingement spot having a diameter
of less than 0.5 mm.
[0011] The present invention provides a device for the
selective removal of material from a specimen utilizing
ion impingement, comprising the steps of supporting a
specimen on a stage; applying at least one ion beam
having a selectable energy level of between 10eV and
IkeV to the surface of said specimen; and focusing said
at least one ion beam onto an impingement spot having
a diameter of less than 0.5 mm.
[0012] An ion mill is described which provides the ca-
pability of preparing a specimen utilizing a variety of low
and high ion beam energies, while maintaining a rela-
tively small beam spot size or diameter. The use of a
small beam spot size minimizes the amount of sputtered
material which may be re-deposited on the specimen sur-
face and further promotes the ability to raster the beam
across the surface of the specimen. Moreover, the oper-

3 4 



EP 1 803 140 B1

4

5

10

15

20

25

30

35

40

45

50

55

ations are conducted within a single vacuum space, min-
imizing the effects of exposure of the specimen to ambi-
ent environmental conditions and contaminants.
[0013] The device includes computing capabilities,
which permit both centralized control of the various com-
ponents of the device, as well as the programmatic con-
trol of those components for automated processing, both
locally and over a network. While a Windows-based PC
is preferably utilized for this function, any computing de-
vice may be utilized, including customized solutions. Al-
ternative input and output functionality may be incorpo-
rated such as touch screens or dedicated display panels.
Additionally, if purely manual operation is deemed ap-
propriate, the computing device can be eliminated and
the controls and outputs of the various components may
be individually controlled through appropriate discrete
components, as will be evident to those skilled in the art.
[0014] A chamber housing forms the primary structural
component of the operable device. This chamber hous-
ing may be mounted on any type of suitable support, with
a transportable cabinet being preferred. The operative
sections of the milling device may, however, be mounted
on a bench or any other support with the requisite stabil-
ity. The chamber block is itself comprised of a number
of component structural parts, and may be subdivided
for ease of manufacture, service or assembly. It is con-
structed of such material, preferably aluminum with req-
uisite strength and other mechanical and chemical prop-
erties to support the components mounted thereon, as
well as the milling activities within.
[0015] The chamber block is the locus of the milling
functions of the ion milling device and is provided with
imaging capability for the purpose of observing the
progress of the milling and beam targeting operation con-
ducted therein. While a variety of imaging devices may
be utilized in conjunction with the milling operations, in-
cluding optical, thermal, electro-optical, scanning, or oth-
er microscopic capabilities, the high energy function is
preferably observed utilizing a CCD camera, while the
low energy operation is observed utilizing a secondary
electron detector or SED, imaging module.
[0016] The high energy milling function includes at
least one and preferably a plurality of HAD ion sources,
which may be utilized individually or in combination. Al-
though the HAD devices are preferred at this time, it is
specifically contemplated that other high energy milling
devices might be incorporated directly within the milling
device, including, but not limited to a FIB or other liquid
metal source device. The HAD or other high energy de-
vices are supplied utilizing a gas, which may be inert for
providing a cleaning function, or corrosive, for providing
a selective etching function. In the preferred embodi-
ment, the inert gas is preferably argon. In addition to the
high energy milling capability of the device, the combined
ion milling device further includes low energy milling ca-
pability, which is utilized for the more controlled removal
of specimen material.
[0017] The low energy source is designed as a self-

contained unit which incorporates rods to support and
space a filament assembly in an appropriate orientation
for interface with the remaining components of the low
energy source. The lens assembly is positioned directly
adjacent to the filament assembly at the lower portion of
the filament section and is separately supported thereby
in this fashion. Optionally, the filament assembly may be
removed alone, or the lens assembly may be removed
in conjunction with the filament assembly and the two
assemblies may be separated external to the ion milling
device for service and access to the various component
parts. The elements of the ion source and lens include a
gas fitting for the insertion of inert gas to a point adjacent
to the filament element. A series of electrodes is disposed
circumferentially about the base of the filament and con-
tains a bore for the electrons originating from the filament
to pass therethrough, as well as to provide for the accel-
eration of the ions to the lens device. Once the ions
emerge from the aperture of the source, they are directed
into a lens which is preferably provided with a conical
bore. The lens includes rastering or deflecting segments
at its terminal end to permit scanning of the ion beam
across the surface of the specimen. Specimen induced
current for endpoint detection - use faraday cup adjacent
beam to measure transmitted current far side of speci-
men to sense presence
[0018] The milling device is also provided with a plu-
rality of methods for end point detection and observation
during the milling process, primarily provided by the use
of a light source positioned for direct impingement on the
specimen. The detection of the light source through the
specimen during the milling process indicates that a mill-
ing endpoint is anticipated, if not already achieved. Other
forms of endpoint detection may also be incorporated
which do not utilize direct impingement of a beam through
the specimen. These include methods and devices which
utilize a sensor, such as a Faraday cup, mounted adja-
cent the path of the ion beam passing through the spec-
imen to detect the presence of the beam on the opposite
side of the specimen from the beam source.
[0019] A specimen positioning module, or carriage,
provides a stable cradle for the support and positioning
of a dewar for retaining liquid nitrogen or other cooling
media, together with an armature for supporting the spec-
imen holder and heat transfer. Although a dewar-based
system is preferred, other cooling systems may be inter-
changed with similar results, such as a Peltier cooler
module. Mechanically, these alternative modules would
be interchangeable with the dewar system, other than
the adaptation of the specimen positioning module to
support the alternative device, which would be well within
the ability of those skilled in the art. The positioning mod-
ule controls and supports the movement of the specimen
with respect to the ion milling sources, together with the
attendant accessories necessary to support and monitor
the specimen during the operations. The positioning
module is displaced laterally utilizing a motor-driven lead
screw assembly. The positioning module is guided by
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support rods and engages the lead screw drive. Control
of the drive motor converts lead screw rotation into mod-
ule translation. The positioning module is displaced ro-
tationally about the lateral module axis for tilting of the
specimen into the ion beam paths. A motor fixed to the
chamber, engages a gear which is attached to the module
and provides complete module tilt. All motion limits of the
positioning module are defined using sensors which in-
dicate both the ends of travel for translation, and a center-
of-rotation home position for tilt. All intermediate positions
are defined in software relative to the limits and controlled
by stepper or encoder based motor drives. While the pre-
ferred embodiment allows for the lateral positioning of
the specimen, together with the ability to tilt and rotate
the specimen with respect to the ion beam, it is to be
specifically understood that additional manipulations of
the specimen may become useful or necessary in future
embodiments, including, but not limited to tilting of the
specimen along a second, front-to-back axis, normal to
the side-to-side tilting function described above, as well
as the ability to raise and lower the stage from the plane
containing the lateral movement and side-to-side tilt axis
of rotation.
[0020] A vacuum pump module provides vacuum
pumping functionality for the vacuum chamber. The vac-
uum pump module may be of any conventional design,
and is typically constructed of commercially available de-
vices. The primary pumping capability is preferably pro-
vided by a turbomolecular pump. As will be apparent to
those skilled in the art, appropriate seals are provided
between each of the modules and components associ-
ated with or mounted on the chamber block in order to
facilitate the maintenance of a vacuum therebetween.
[0021] The specimen stage is both structurally and
thermally affixed to the dewar containing the cooling me-
dia. The specimen is typically milled under cooling con-
ditions, so as to prevent degradation from the heat
caused by the impingement of the ion beam. A thermally
conductive support extends from the positioning module
support structure, which is located outside of the cham-
ber block to the vacuum chamber contained therein,
which is the site of all milling and imaging activity. The
specimen stage assembly is, however, able to be tem-
porarily disengaged from its thermal connection to the
cooling system. The thermally conductive support re-
ceives the specimen stage in a slidable engagement
which is resiliently biased toward engagement with the
cooling system, preferably by a spring. When loading or
unloading specimens, however, the stage is forced
against the spring and moved into a disengaged position,
allowing the specimen and holder to return to an ambient
temperature. This process may also be facilitated by a
heater built into the stage.
[0022] The device is further provided with the ability to
insert and remove specimens into the vacuum chamber
without need of releasing and recreating the high vacuum
state of the chamber. A load lock is utilized to introduce
the specimen to the vacuum chamber. It is also specifi-

cally contemplated that the device may be utilized in con-
junction with a vacuum-based specimen transfer device
which may externally mate directly to the load lock. The
specimen may be removed from the holder to the transfer
device under vacuum and transported to the microscope
or other imaging device without exposure to the atmos-
phere or other environmental contaminants. The load
lock vacuum, as described more fully herein, may also
be utilized to maintain or support the vacuum within such
transfer device.
[0023] When the specimen stage is moved into a
load/unload position, it extends from within the vacuum
chamber into the load lock. The stage is designed to seal
off its sample holder extending into the load lock from
the vacuum chamber. The engagement of the stage with
the load lock in this position also disengages the thermal
connection between the stage and the cooling system.
The load lock may then be vented and opened, exposing
the end of the specimen stage while maintaining the vac-
uum within the chamber. After sample exchange, the load
lock may then be pumped down and the stage retracted
into the primary chamber. Retraction into the chamber
automatically re-engages the thermal coupling to the
cooling system.
[0024] The specimen stage itself contains, in addition
to the heater described above, a temperature sensor for
monitoring the temperature of the specimen stage. The
specimen stage supports the specimen itself in a clamp-
ing, rotational holder, which can be rotated upon remote
command through the use of a small motor within the
stage. Additionally, the motor or a pump device may be
mounted external to the stage and provide mechanical
energy to the stage or holder through mechanical or
pneumatic communication. The holder is removable to
allow for multiple holders, of potentially differing ge-
ometries or design, to be utilized in conjunction with the
device. The preferred embodiment, adapted for TEM
specimen milling, utilizes a riser which suspends the
specimen over a gap which permits the milling of the
underside of the specimen. Additionally, the specimen
holder permits the passage of end detection illumination
therethrough.
[0025] Additionally, the stage may be adapted for re-
ceiving and supporting multiple specimens, typically in a
carousel arrangement rotated through the use of an ad-
ditional motor supporting a turntable-like support which
would, in turn, support the various holders mounted ther-
eon.
[0026] A computing device, which is preferably a Win-
dows-based PC, may be provided to control and monitor
the operational aspects of the milling device. This in-
cludes the location and manipulation of the specimen
through the various positioning devices, the vacuum sys-
tems, the imaging systems and the ion milling devices.
It is also anticipated that all functions may be independ-
ently controlled and monitored through the use of discrete
manual devices. The computing device, if present, may
also be utilized to create and execute programs for the
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automated control and sequencing of the device proc-
esses. A graphical input/output interface is preferably uti-
lized in conjunction with the computing device to simplify
the operability of the device and further provides a con-
venient and compact locus for all control and output, typ-
ically in conjunction with a keyboard and/or pointing de-
vice. The various screens and menus provided in con-
junction with the interface permit the full control of all
mechanical and milling operations of the device, together
with graphical, pictorial or other data output from the var-
ious sensors and imaging devices. As is customary with
such computing devices, connection to a network may
be utilized to exchange data, images or operational con-
trols between interconnected computing devices. Re-
mote operation of the computing device, including the
ability to perform diagnostic functions, is also anticipated
in such an embodiment, as would be well known to those
skilled in the art.
[0027] A feature of the device is the ability to perform
pre-defined automated milling sequences. A specimen
may be grossly thinned utilizing the high energy ion mill
module and then finished utilizing the low energy ion mill
module. The milling parameters are defined by the user,
and may be manually or programmatically controlled, in-
cluding movement of the specimen with respect to the
ion beams during the milling operations. At the initiation
and conclusion of milling operations, the specimen stage
is returned to the load/unload position and the load lock
mechanism is engaged. In this manner, a sequence of
specimens may be processed through combined milling
mechanism without the need to recreate the vacuum con-
ditions within the vacuum chamber.
[0028] These and other advantages and features of
the present invention will be more fully understood upon
reference to the presently preferred embodiments there-
of and to the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

Figure 1 is an elevational isometric view of the com-
bined ion milling device.
Figure 2 is an elevated isometric view of the com-
bined ion milling device having all operational covers
and shields removed to expose the internal mecha-
nism.
Figure 3 is an isometric view of the core operational
components of the combined ion milling device.
Figure 4 is a longitudinal sectional view of the com-
bined ion milling device.
Figure 5 is an isometric exploded view of the com-
bined ion milling device.
Figure 6 is a longitudinal sectional view of the spec-
imen positioning module of the combined ion milling
device.
Figure 7 is an isometric view of the specimen stage
module of the combined ion milling device.

Figure 8 is a longitudinal sectional view of the spec-
imen stage module of the combined ion milling de-
vice.
Figure 8A is an isometric view of the specimen hold-
er.
Figure 8B is an elevational view, partially in section,
of the stage holder base.
Figure 9 is an isometric view of the low energy ion
mill module.
Figure 10 is a sectional view of the low energy ion
mill module including its lens.
Figure 11 is a second sectional view of the low en-
ergy ion mill module including its lens.
Figure 12 is an isometric view of the Faraday cup
mounting flange.
Figure 13 is a sectional view of the secondary elec-
tron detector utilized for imaging the specimen during
low energy milling.
Figure 14 is a diagrammatic representation of the
ion milling device.
Figure 15 is a diagrammatic representation of the
electrical and processing components of the ion mill-
ing device.
Figure 16 is a graphic representation of the main
input screen display.
Figure 17 is a graphic representation of the specimen
holder motion control screen display.

BEST MODE FOR CARRYING OUT THE INVENTION

[0030] Referring now to Figures 1 and 2, an ion mill 1
is shown having a base cabinet 5, which is utilized to
support the operable equipment and to enclose the pow-
er supply, vacuum system and circuitry utilized in the
device. Base cabinet 5 includes a plurality of removable
or openable panels to provide access to the internal com-
ponents and storage spaces. The cabinet includes a
counter top 10, which is made of an inert and durable
material, which will withstand both physical and chemical
abuse or attack while in use in a laboratory setting. In
operation, the combined milling mechanism 15 is provid-
ed with covers 20A through 20D, which are utilized to
provide both an aesthetically pleasing exterior surface,
as well as protection for the relatively delicate device
components. Each of the covers 20A through 20D pro-
vides removable access to these components for repair
or inspection. A dewar access panel 25 is provided as a
readily openable or removable cover to permit easy ac-
cess to the internal mechanism for replenishment of the
liquid nitrogen cooling media utilized within the device,
as will be described later.
[0031] A computing device, including processor, mem-
ory and data storage means, is incorporated within the
device for all logic control and data output as will be more
fully described with reference to Figures 14 and 15. A
Windows-based PC is preferably utilized for this function.
The primary components of which are mounted inside
cabinet 5. Keyboard 30, pointing device 35 and screen
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40 are positioned exterior to cabinet 5 in order to provide
user input and data output. While data input and output
are necessary for the utilization of the device in an effec-
tive manner, it should be specifically noted that the meth-
odologies of input and output are to be considered op-
tional within the scope of the art and the utilization of
alternative input and output methods are clearly contem-
plated. The cabinet 5 is optionally provided with casters
45 or other alternative cabinet support devices in order
to position the cabinet 5.
[0032] Referring now to Figures 3, 4 and 5, the main
chamber block 50 is provided, which in conjunction with
low energy ion source mounting block 260 provides the
majority of the vacuum chamber of the combined device.
Chamber block 50 is preferably constructed of milled alu-
minum but may optionally be constructed of any material
comprising similar strength and compatibility with the ion
milling function contained therein. Additionally, the ma-
terials utilized in the device may need to be modified in
the event that corrosive gasses are utilized, as would be
apparent to those skilled in the art. Chamber block 50
contains vacuum chamber 55 in which specimen posi-
tioning module 60 is utilized to introduce and position
specimen stage module 140. Vacuum chamber 55 is pro-
vided with such size and dimensions as will permit the
free introduction of the various componentry while main-
taining a sufficient wall thickness within chamber block
50 to permit the necessary vacuum conditions specified
herein. Chamber block 50 is further the locus of the high
energy milling function of the ion milling device and is
provided with CCD imaging module 65 for the purpose
of observing the progress of the high energy milling con-
ducted within chamber block 50. The high energy milling
function is provided utilizing high energy ion milling mod-
ule 70, which includes at least one and preferably a plu-
rality of preferably hollow anode discharge ion sources.
These conventional HAD devices are generally identical
in function and similar in construction to those found on
the Model 1010 Ion Mill produced by E. A. Fischione In-
struments, Inc. of Export, Pennsylvania. The high energy
ion mill module preferably comprises two fixed position
HAD ion sources having ion beam energy variably and
continuously adjustable within the range of 0.5 to 6.0 keV.
This energy level is derived from an ion source current,
which is also continuously variable and adjustable be-
tween 3 mA and 10 mA. The HAD sources may be utilized
individually or in combination, and can develop a beam
current of up to 400 uA/cm2 with a spot size of as low as
1 mm, achieving material removal rates of approximately
20 mm/hr. The HAD devices are typically supplied utiliz-
ing an argon gas supply which should be well-known to
those skilled in the art. In the event that corrosive gasses
are utilized, it is contemplated that supply components
would typically include the use of stainless steel and PT-
FE. In normal use, the HAD devices consume approxi-
mately 0.4 sccm of gas. As with the prior art devices, the
high energy ion mill module 70 is held in a fixed position
while the specimen is manipulated within the field of the

fixed beam while some other prior art devices hold the
specimen in a fixed position while manipulating the ion
sources
[0033] In addition to the high energy milling capability
of the device, the combined ion milling device further in-
cludes low energy ion mill module 75, which is utilized
for the more controlled removal of specimen material, as
will be described more fully herein. As with the high en-
ergy module, the low energy module is provided with im-
aging capability so that the specimen may be observed
during the milling procedure. Provided for this function-
ality is secondary electron detector or SED, imaging mod-
ule 80, which, like the low energy ion mill module 75, is
fixed in a position extending into the low energy ion
source mounting block 260. It is to be specifically noted
that any optical, thermal, electro-optical or electronic im-
aging device, , may be substituted for the SED, depend-
ent upon the application. Low energy ion source mount-
ing block 260 is further provided with low energy milling
chamber 265, which, similar to vacuum chamber 55, is
sized and positioned within low energy mounting block
260 such that an appropriate vacuum may be maintained
therein, while preserving enough operating space for the
equipment and specimen holders inserted therein.
Chamber structure assembly 228 is further provided to
separate and screen the components of vacuum cham-
ber 55 and low energy milling chamber 265. A motorized
divider, best viewed in Figure 4, is selectively positioned
to extend into and divide the two chambers during oper-
ation of high energy ion mill module 70. Low energy ion
source mounting block 260 is further provided with an
endplate 262 which closes and seals the low energy mill-
ing chamber 265 and further supports load lock 85. Load
lock 85 is utilized to introduce the specimen to the spec-
imen stage module 140 when in the appropriate load po-
sition, as will be described more fully herein. Load lock
85 provides controlled ingress and egress of the speci-
men stage module 140 and access thereto from the out-
side environment.
[0034] Specimen stage module 140 is supported by
specimen positioning module 60, which in itself is com-
prised of a number of support elements. Specimen po-
sitioning support rods 95, of which there are preferably
at least three, are mounted in conjunction with specimen
positioning support flange 100 to provide a stable cradle
for the support and positioning of dewar 155 and its at-
tendant mechanisms. Lateral displacement motor 105 is
mounted on specimen positioning support flange 100 and
is engaged with threaded drive rod 110, which runs par-
allel to specimen positioning support rods 95. Lateral dis-
placement motor 105 is preferably a stepper- or servo-
type motor having movement control on the order of 6
1 degree. A rotational support housing 115 is provided
in conjunction with specimen positioning support rods 95
and specimen positioning support flange 100 to form the
complete cradle, which will support dewar 155 and its
attendant mechanism. In operation, the lateral move-
ment of dewar 155 is controlled by the interface between
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threaded drive rod 110 and dewar support housing 150.
Dewar 155 is provided with a removable dewar cover
160 and is encased in dewar support housing 150. Dewar
support housing 150 is supported by and is slidably
mounted upon specimen positioning support rods 95 and
threadably engages threaded drive rod 110. The control-
led rotation of lateral displacement motor 105 rotates
threaded drive rod 110, thus laterally displacing, through
the threaded engagement between threaded drive rod
110 and dewar support housing 150, the movement of
dewar 155, as will be discussed subsequently. The
movement of dewar 155 further controls the movement
of specimen stage module 140 through primary speci-
men support 130.
[0035] Specimen positioning module 60, including de-
war 155 and specimen stage module 140, is axially or
rotationally displaced for tilting of the specimen position-
ing module 60, as well as the specimen itself, within the
various ion sources, by the use of rotational displacement
motor 120, as will be described more fully herein. Rota-
tional displacement motor 120 engages rotational gear
125, which is mounted at the periphery of rotational sup-
port housing 115. Rotational displacement motor 120 is
preferably a stepper motor or servo motor having move-
ment control of approximately 6 0.1 degree, within an
operable range of 0 to 45 degrees. In operation, the
movement of rotational displacement motor 120 engages
rotational gear 125 which accomplishes the tilting of the
entire specimen positioning module 60 as a unit, in ac-
cordance with the gear ratio of their coupling. A more
precise description of the operation and tilting of speci-
men positioning module 60 will be described further with
references to Figures 6, 7 and 8.
[0036] Referring now to Figures 3, 4, 5 and 14, a vac-
uum pump module 90 provides vacuum pumping func-
tionality for vacuum chamber 55 and low energy milling
chamber 265. Vacuum pump module 90 is preferably a
turbomolecular pump 91 such as the Model No. TMPO71
manufactured by Pfeiffer Vacuum Technology AG, of
Asslar,Germany, backed by a roughing pump 92 which
may be of any known type, as will be apparent to those
skilled in the art. Pumping systems of this type are similar,
if not identical, to those systems found in the Model 1010
Ion Mill and Model 1020 Plasma Cleaner manufactured
by E. A. Fischione Instruments, Inc. of Export, Pennsyl-
vania. While the vacuum pumping system may be of any
type suitable to develop a vacuum of 10-5 torr, the vacuum
system is preferably of an oil-free design in order to min-
imize any potential oil contamination of the specimen. In
certain circumstances, however, the use of an oil based
system may be incorporated. The precise application of
the combined ion mill will dictate to those skilled in the
art, which vacuum system should be applied. Also ap-
parent to those skilled in the art, are the appropriate seals
to be provided between each of the modules described
above in order to facilitate the maintenance of a vacuum
between the various mounting blocks and components.
While such seals are preferably of an O-ring construction,

it is to be specifically contemplated that a variety of other
sealing devices or techniques may be applied.
[0037] Referring again to Figures 3, 4 and 5, imaging
of the specimen during high energy milling is accom-
plished using CCD camera 210, which is supported by
CCD lens adapter 220, which is itself supported by CCD
camera support block 205. CCD lens 215 provides zoom
capabilities for adjustable imaging of the specimen. The
focus of CCD camera 210 is accomplished by vertical
movement of camera 210, as will be described herein.
CCD camera 210 and CCD zoom lens 215 are preferably
manufactured by Mitutoyo of Kanagawa, Japan. CCD
objective lens 225 is utilized to create the image for CCD
camera 210 through CCD zoom lens 215. Objective lens
225 is vertically displaceable with respect to the speci-
men for focus of the image, while CCD zoom lens 215 is
utilized to adjust the magnification of the specimen’s im-
age on the CCD element within camera 210. Protective
window 226, preferably constructed of sapphire, is uti-
lized to separate the vacuum chamber 55 from the lens
225 and camera. A motorized lens shutter assembly 227,
of conventional design, may be utilized to cover protec-
tive window 226 during milling processes when imaging
is not necessary, in order to prevent build-up of sputtered
material on the face of protective window 226. CCD cam-
era 210 is positioned laterally through the use of a mul-
tipart mounting block system. CCD imager mounting
block 175 is directly positioned on chamber block 50 and
is provided with a sliding track on base block 185, which
is adjustable utilizing adjustment knob 195 for the con-
trolled movement thereof in a first dimension along the
longitudinal axis of the entire device. CCD imager posi-
tioning block 180 is a multipart section which includes a
sliding block 190 which is adjustable in a second dimen-
sion normal to the movement of CCD imager positioning
block 180. The combination of blocks 180, 185 and 190
permit the positioning of CCD camera support rod 200
in any one of a number of infinitely variable fixed positions
for the ultimate positioning of CCD camera 210 within
the optical field necessitated by the movement of spec-
imen holder module 140 during operation. CCD camera
support block 205 is slidably and lockably mounted on
CCD camera support rod 200 to permit the appropriate
height and focus adjustment of CCD camera 210, utilizing
height and focus adjustment knob 207.
[0038] The milling device, in conjunction with the high
energy milling section, also provides a plurality of meth-
ods for end point detection and observation during the
milling process. This is primarily provided by end point
detection module 230. End point detection module 230
comprises a light source mounting block 235, which is
affixed directly to chamber block 50. Light sources may
be positioned for either direct impingement on the spec-
imen as shown with end point detector light source 240,
which is preferably a laser, or axially, for impingement
utilizing a mirror 245. Either will project light through lens
255 and be focused upon the underside of the specimen
by passing through specimen holder module 140 as will
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be further described. End point detection is achieved by
the passage of the laser beam of light source 240 through
the nearly perforated specimen by CCD camera 210. Re-
ferring now to Figures 4 and 14, a secondary axial visual
light source 241 may be positioned external to the device,
with access through light port 246 to impinge upon mirror
245. Spring 250 is utilized to support lens 255 within the
bore of end point light source mounting block 235. Such
secondary visual light sources 241 are typically utilized
for assisting in the visual inspection of the milling
progress upon the specimen.
[0039] A chamber vacuum gauge 118 is provided for
monitoring of vacuum conditions within vacuum chamber
55.
[0040] Referring now to Figures 4 and 6, specimen po-
sition device 60 is mounted directly in an appropriate bore
contained in chamber block 50, which is adapted to re-
ceive and restrain the tilting motion of specimen position
module 60 through rotational support housing 115. Sup-
port housing 115 is supported within the bore on bearings
127 and vacuum is preserved within vacuum chamber
55 through the use of seal 129 interposed between rota-
tional support housing 115 and the bore provided within
chamber block 50. Rotational support housing 115, in
conjunction with rotational displacement motor 120, are
provided with center position detection means not shown,
which conventionally identify an home zero point of tilt
and provide a means for determining the tilt position of
specimen positioning module 60 relative to that home
zero point.
[0041] As previously stated, dewar 155 is positioned
and affixed within dewar support housing 150. Primary
specimen support 130 is affixed to dewar support hous-
ing 150 to provide thermal conductivity and cooling of
specimen stage module 140, as will be described further
herein. Primary specimen support 130 is itself comprised
of thermally conductive support 131 extending spaced
apart and axially within primary specimen support hous-
ing 132, separated by vacuum. Thermally conductive
support 131 extends to a point immediately adjacent the
inner chamber 154 of dewar 155 and is thermally isolated
from dewar support housing 150 by dewar mounting
bushing 165. Dewar heat transfer rod 170 extends in-
wardly into the dewar chamber 154 and is positioned for
direct impingement with the liquid nitrogen media to be
contained therein. Dewar heat transfer rod 170 is mount-
ed within thermally conductive support 131 and is in direct
thermal communication therewith. Thermally conductive
support 131 extends axially from dewar 155 to an internal
point of vacuum chamber 55, where it receives and re-
strains specimen stage module 140, providing both phys-
ical support for specimen stage module 140 as well as
the heat transfer mechanism for the cooling of the rele-
vant components of specimen stage module 140. Ther-
mally conductive support 131 is supported at the cham-
ber end by rotational support bushing 168. Rotational
support bushing 168 is further drilled to permit the vac-
uum of vacuum chamber 55 to extend into the space

between thermally conductive support 131 and specimen
support housing 132 within primary specimen support
130. Thermally conductive support 131 is further located
at the axis of rotation of specimen positioning module 60.
Bellows 145 is provided as the primary translation vac-
uum seal to the chamber along primary specimen support
130.
[0042] Referring now to Figure 6, as previously de-
scribed the rotation of rotational support housing 115
causes the entire specimen positioning module 60 to tilt,
which in turn provides the tilting function for the position-
ing of the specimen relative to the ion beams in either of
the two ion milling positions. The lateral positioning of
the specimen within the ion beams is controlled, as pre-
viously described, by the longitudinal displacement of pri-
mary specimen support 130, specimen stage module 140
and dewar support housing 150 by the rotation of the
lead screw, or threaded drive rod 110 and is previously
described in conjunction with rotational displacement
motor 120. Dewar support housing 150 and lateral dis-
placement motor 105 are further provided with locational
detection means (not shown), which identify points of lat-
eral movement of specimen positioning module 60, in-
cluding a travel limit detector at each extreme end of trav-
el of primary specimen support 130 as well as the ability
to locate within approximately 0.1 mm the lateral move-
ment of primary specimen support 130 as well as the
specimen itself within the range of travel.
[0043] Referring now to Figures 4 and 6, primary spec-
imen support 130 is provided with a hollow bore end 133
in which secondary specimen support 135 is slideably
mounted which is further restrained in said bore by spec-
imen holder restraint flange 325. Secondary specimen
support 135 is urged to an extreme outward and leftward
position, as shown in Figures 4 and 6, by specimen holder
engagement spring 295. Secondary specimen support
135 when urged into this outward and leftward positioning
directly against and adjacent specimen holder restraint
flange 325 and is in thermal engagement with thermally
conductive support 131 at specimen holder temperature
transfer engagement surface 300. To the extent that sec-
ondary specimen support 135 is caused to compress
specimen holder engagement spring 295, as will be fur-
ther described herein, and urged away from engagement
with specimen holder restraint flange 325 and specimen
holder temperature transfer engagement surface 300,
then secondary specimen support 135 is no longer within
thermally conductive engagement with thermally con-
ductive support 131 and will assume the ambient tem-
perature of its surrounding environment. Secondary
specimen support 135 has been provided with the ability
to thermally engage and disengage from thermally con-
ductive support 131 for the purpose of selecting either
the temperature of thermally conductive support 131 or
ambient temperature based upon the position of second-
ary specimen support and, therefore, specimen stage
module 140 within the device. This functionality is directly
related to the operation of the load lock as will now be

15 16 



EP 1 803 140 B1

10

5

10

15

20

25

30

35

40

45

50

55

described.
[0044] Referring now to Figures 4 and 6, a primary
functionality of the combined ion mill is the ability to rap-
idly thin or otherwise mill the specimen utilizing the high
energy mill module 70 and subsequently finish the prep-
aration of the specimen, utilizing the low energy ion mill
module 75, all within a single vacuum chamber. As pre-
viously discussed, the ability to perform both operations
without the attendant loss of time related to pumping
down a vacuum chamber to achieve the appropriate vac-
uum in a second device, as well as exposing the speci-
men to ambient air and temperature, is extremely impor-
tant. One of the primary timesaving functionalities of the
device is the ability to minimize the number of cycles of
creating and releasing the vacuum in the vacuum cham-
ber. Consequently, the device is further provided with the
ability to insert and remove specimens into the vacuum
chamber without need of releasing and recreating the
high vacuum state of the vacuum chamber. This is
achieved through the use of the load lock 85. Load lock
85 is further provided with load lock cap 280, which is
constructed of stainless steel or other material which is
sufficient to withstand the presence of the vacuum on the
chamber side and ambient air pressure on the external
surface. Load lock cap 280 is provided with a hollow cent-
er chamber which permits the extension of the relevant
portion of specimen stage module 140 to be extended
therein when primary specimen support 130 is extended
to its leftmost extreme in point, designated as the load/un-
load position. Load lock cap 280 is supported on load
lock cap support rod 285 in a pivotal manner, such that
load lock cap 280 maintains some degree of freedom of
movement relative to load lock cap support rod 285 and
further permitting load lock cap 280 to remain in a precise
parallel engagement with endplate 262 at the time of en-
gagement so as to exert even and uniform support on
the sealing mechanism material therebetween (not
shown). Load lock cap support rod 285 is pivotally at-
tached to endplate 262 and is urged into an engagement
position by load lock spring 290. In operation, load lock
cap 280 is retained in an engaged position by load lock
spring 290 and the presence of a vacuum inside, directly
adjacent to low energy milling chamber 265. When pri-
mary specimen support 130 and specimen stage module
140 are moved to the extreme left, as shown in Figure
4, the load/unload position, specimen stage module 140
will extend exterior to low energy milling chamber 265
and into the load lock cap 280. After venting the load lock
cap 280, the user may disengage load lock cap 280 from
endplate 262 and gain access to specimen stage module
140. At this position, the vacuum inside vacuum chamber
55 and low energy milling chamber 265 is maintained by
the engagement of specimen stage engagement surface
311 provided on specimen stage module 140 with the
inner wall of endplate 262 immediately adjacent to load
lock cap 280 at a point designated as load lock engage-
ment surface 310. Specimen stage engagement surface
311 is provided as a ring collar with a radial seal, provided

circumferentially on the exterior surface of specimen
stage module 140 and is urged in the load/unload position
against load lock engagement surface 310 by the action
of specimen stage engagement spring 295. In this man-
ner, the vacuum is maintained within the chambers of
the device and the load lock cap 280 may be opened and
the specimen exchanged. When the load lock cap 280
is replaced in the operative position and primary speci-
men support 130 and specimen stage module 140 are
moved away from the load/unload or extreme left posi-
tion, as shown in Figures 4 and 6, the vacuum within
vacuum chamber 55 and low energy milling chamber 265
may drop slightly, based upon the volume of air contained
within the interior of load lock cap 280, but the vacuum
within the chambers is normalized more quickly to the
target level than would be necessary for the return of
vacuum chamber 55 and low energy milling chamber 265
from ambient air pressure.
[0045] Additional vacuum is preferably applied directly
to the load lock cap 280. Referring to Figures 4 and 14,
load lock vacuum port 86 communicates directly into the
chamber area inside load lock cap 280 when specimen
stage module 140 is in the load/unload position and vac-
uum is provided by roughing pump 93, as will be further
described with reference to Figure 14. Evacuation of the
space inside load lock cap 280 by roughing pump 93
alone, prior to the withdrawal of specimen stage module
140 from load lock engagement surface 310, removes a
large fraction of the entrapped air and thus minimizes the
temporary pressure increase occurring on the retraction
of specimen stage module 140 into low energy milling
chamber 265.
[0046] It is further necessary to thermally disengage
secondary specimen support 135 from thermally conduc-
tive support 131 during the load/unload operation. If the
secondary specimen support 135 were to remain at the
cooling temperatures provided by thermally conductive
support 131 and the liquid nitrogen media within dewar
155 at the time that the specimen and specimen stage
module 140 were introduced to the ambient temperature,
then the ambient water vapor, together with all airborne
contaminants, such as hydrocarbons in the surrounding
laboratory atmosphere would immediately condense and
freeze on both the specimen and the equipment, which
is undesirable. The combined ion milling device, there-
fore, provides that at the point of engagement of second-
ary specimen support 135 with load lock engagement
surface 310, secondary specimen support 135 is urged
against specimen stage engagement spring 295 and is
displaced inwardly within primary specimen support bore
133, disengaging secondary specimen support from
specimen stage temperature transfer engagement sur-
face 300 within the bore. This allows the specimen stage
module 140 to return to an ambient temperature and re-
duce condensation and contamination of the specimen
upon the opening of load lock cap 280. This process may
be assisted by the use of a supplementary heating sys-
tem within the specimen holder base 305 of specimen
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stage module 140, as will be more fully described herein.
[0047] Referring now to Figure 8, the operation of spec-
imen stage module 140 is described in further detail. It
is to be specifically noted that the orientation of specimen
stage module 140 in Figure 8 is reversed from that shown
in Figures 4, 5 and 6. As previously described, thermally
conductive support 131 is provided with bore 133 into
which secondary specimen support 135 is slidably locat-
ed. In normal operation, specimen stage engagement
spring 295 urges second specimen support 135 into an
outward position. Secondary specimen support 135 is
restrained within primary specimen support bore 133 by
specimen stage restraint flange 325. Specimen stage re-
straint flange 325 is restrained as the end cap of thermally
conductive support 131 by bolts 330. Specimen holder
base 305 is affixed by bolts 340 to the end of secondary
specimen support 135 in an offset manner so as to main-
tain the location of the specimen at the axis of rotation
of thermally conductive support 131, being the tilting of
specimen positioning module 60. Contained within spec-
imen holder base 305 is specimen mounting block 315,
which itself contains the mechanism for the rotation of
the specimen relative to the impingement of the ion mill-
ing beam. Specimen holder rotation motor 345 is affixed
by a series of rotational drive gears 350 within specimen
holder 335. The operation of specimen holder rotation
motor 345 is controlled through electrical impulses
through electrical connection 320, as previously de-
scribed, in conjunction with rotational displacement mo-
tor 120 and lateral displacement motor 105. Specimen
holder rotation motor 345 is provided with an arbitrary
end point detection module (not shown) which allows for
the precise positioning of the specimen within the 360°
of rotational freedom of the specimen stage 335. Spec-
imen holder gear 350A, which directly supports specimen
holder 335, is further provided with specimen observation
bore 351, which permits the passage of light from end
point detection module 230 to reach the underside of the
specimen through specimen holder 335.
[0048] Referring now to Figure 8A, specimen holder
335 is further provided with specimen holder base 336,
which is circular in shape for easy rotation within holder
bore 335A provided in specimen mounting block 315.
Specimen holder base 336 is integrally formed with
mounting bore boss 354, which extends upwardly there-
from in order to support specimen holder mounting bore
353, which extends axially therethrough. Mounting bore
353 is provided for the insertion of any conventional lock-
ing means (not shown) for the temporary and removable
affixation of specimen holder 335 to the upper shaft of
specimen holder gear 350A, as shown in Figure 8. Re-
ferring again to Figure 8A, integrally formed with mount-
ing bore boss 354 is specimen holder riser 356, which is
divided into two sections by specimen holder milling gap
352. Specimen holder riser 356 is intended to space the
actual mounting surface for the specimen some distance
away from specimen holder base 336 and mounting bore
boss 354 to permit access to the underside of the spec-

imen mounted within specimen mounting recess 358.
The specimen is inserted in specimen mounting recess
358, which is sized and curved to accept specimens
which are typically on the order of 3 mm in diameter. The
specimen is retained in place through the exertion of a
downward force thereon by restraining tines 363 of spec-
imen restraining clips 359 against the upper surface of
specimen mounting recess 358. Specimen restraining
clips 359 are slidably mounted on the upper surface of
specimen holder riser 356 for adjustable interaction of
the restraining tines 363 with the upper surface of the
specimen, such that the specimen is securely restrained,
but the tines 363 do not interfere with the regular viewing
of the area of interest of the specimen. Each of the spec-
imen restraining clips 359 is provided with a clip adjust-
ment slot 357, which is in turn mounted upon specimen
restraining clip mounting pin 361 in each case. In oper-
ation, specimen restraining clips 359 may be laterally po-
sitioned within the limitation of movement of clip adjust-
ment slot 357 about mounting pin 361. When an appro-
priate location is identified, mounting screws 362 are
tightened, which fixes specimen restraining clips 359 in
place. Additional embodiments of specimen restraining
clips 359 may include the use of electronic or pneumatic
motion systems which would mechanically raise and low-
er such specimen restraining clips 359 into contact with
the specimen.
[0049] As previously described during the milling phas-
es of operation of the device, it may be necessary to
either view or impinge a beam upon the underside of the
specimen. During the two-sided high energy milling proc-
ess, the underside of the specimen is impinged by the
output of one of the high energy ion mill modules 70 as
shown in Figure 4, which passes through specimen hold-
er milling gap 352 to reach the underside of the specimen.
Additionally, during such high energy milling, the under-
side of the specimen may be illuminated by end point
detector primary light source 240 and/or visual light
source 241 which is utilized for visualization of the spec-
imen during the milling operation. In either instance, the
light is passed from lens 255, as shown in Figure 4, up-
wardly through the base of specimen holder gear 350A
through specimen observation bore 351 as shown in Fig-
ures 4 and 8 in order to emerge from specimen obser-
vation bore 351 at the base of specimen holder milling
gap 352 and be projected unto the lower surface of the
specimen.
[0050] As previously described, specimen stage mod-
ule 140 is adapted to engage and disengage from ther-
mally conductive support 131 to allow specimen stage
module 140 to return to ambient temperature prior to ex-
posure to the atmosphere when engaged with the load
lock module. It is therefore necessary to ascertain the
temperature of the specimen stage module 140 to deter-
mine the time point at which the specimen stage module
140 reaches a temperature which is appropriate for the
opening of load lock cap 280 when specimen stage mod-
ule 140 is in the load/unload position. Referring now to
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Figure 8B, specimen holder base 305 is provided with
heater block cavity 304 which contains heat transfer me-
dia 306. Provided within heat transfer media 306 is sen-
sor bore 308 which is adapted to receive and restrain
temperature sensor 309 which communicates with the
central processor through heater connector 313. Tem-
perature sensor 309 is intended for the detection and
relay of an appropriate electrical output, which indicates
to the central processor the temperature of specimen
stage base 305 as well as specimen holder 335.
[0051] In many situations, it is advantageous to accel-
erate the return of specimen holder base 305 to ambient
or near ambient temperatures and for that purpose, heat-
er rod 307 is provided embedded within heat transfer
media 306. Heater connector 313 provides an electrical
connection in an appropriate interface to the central proc-
essor, which will activate heater rod 307 and enable the
more rapid warming of specimen holder base 305.
[0052] Referring now to Figures 9, 10 and 11, low en-
ergy ion mill module 75 comprises a carrier assembly,
which is comprised of low energy source carrier top
flange 385, low energy source carrier 390 and low energy
source carrier retaining lugs 395. Referring specifically
to Figure 10, carrier top flange 385 is bolted to low energy
source carrier 390 by a series of bolts 392, which are
also illustrated with respect to Figure 5. The assembled
carrier is inserted into low energy ion source mounting
block 260 and is received and restrained by low energy
source carrier restraining lugs 395 which are held in place
by bolts. It is to be specifically noted that the design of
low energy ion mill module 75 is specifically directed to-
ward the ease of removal and replacement as a self-
contained unit, as shown in Figure 10, for ease of access
and maintenance through the engagement of restraining
lugs 395 in low energy ion source mounting block 260.
Referring now to Figures 9, 10 and 11, but most partic-
ularly to Figure 11, all electrical connections for low en-
ergy ion mill module 75 are made through internal electric
connector 372 and low energy lens connector 440 while
the gas connection is made through gas port 365. Re-
moval of low energy ion mill module 75 is therefore facil-
itated by the quick removal of the electrical and gas con-
nections and the restraining lugs. Referring now to Figure
9, the core section of the low energy ion mill module is
displayed having low energy source housing 355, which
supports the majority of the internal components. Flange
355 is indexed so that it may be inserted directly, without
adjustment, into low energy source carrier top flange 385
and is restrained by low energy source housing restraint
block 360, which is visible with respect to Figures 5 and
10. Low energy source electrical connector 370 is affixed
to the top of housing 355 to allow the passage of elec-
tronic signals therethrough and is shown, with particular
reference to Figure 11, to comprise a quick release con-
nector, which is electrically connected with internal elec-
tric connector 372. Internal electric connector 372 allows
for the wiring of electrical contact block 400, which trans-
mits electrical impulses from connector 370 to the various

components of the low energy ion source, as will be de-
scribed herein. Referring now to Figure 9, it is apparent
that the low energy source is designed as a self-con-
tained unit which incorporates low energy housing sup-
port rods 375 to support and space a filament contained
within a filament of support block 415 in an appropriate
orientation for interface with the remaining components
of the low energy source. Appropriate electrical connec-
tion wiring (not shown) provides electrical communica-
tion between internal electrical connector 372, filament
support block 415 and electrical contact block 400. Re-
ferring now to Figures 10 and 11, the interface between
the low energy milling module and the surrounding hous-
ing supporting the lens assembly is apparent. Low energy
source housing 355, which supports the filament assem-
bly, is affixed to low energy source carrier top flange 385,
which comprises the topmost element of the lens assem-
bly and carrier. The lens assembly is positioned directly
adjacent the filament assembly at the lower portion of
the filament section and is separately supported in this
fashion. Optionally, the filament assembly may be re-
moved alone, or the lens assembly may be removed in
conjunction with the filament assembly and the two as-
semblies may be separated external to the ion milling
device for service and access to the various component
parts. Both assemblies are further intended to be elec-
trically self-sufficient, in that the removal of each sub-
assembly does not necessitate the removal of additional
internal electrical connections to the remaining compo-
nents of the device as a whole. External low energy lens
connector 440 is located within low energy source carrier
top flange 385 and provides for easily removable electri-
cal communication between the ion milling device and
the central processor and the elements of the lens by
conventional wiring (not illustrated for clarity).
[0053] Referring now to Figure 10, the elements of the
ion source and lens are described with more particularity.
Gas feed line 405 passes from gas port 365 through in-
sulating support rod 410, which is preferably constructed
of an insulating material such as Vespel manufactured
by DuPont. Gas feed line 405 passes internally of ioni-
zation chamber block 380. The filament, which is prefer-
ably constructed of tantalum, thoriated iridium or thorium
oxide is positioned in a conventional manner within fila-
ment block 415. A wehnelt electrode 420 is disposed
circumferentially about the base of filament block 415
and contains a bore or passageway for the electrons
emitted from the filament to pass therethrough and is to
provide for guidance of the emitted electrons into the ion-
ization region at the center of ionization chamber block
380. A pair of intermediate electrodes identified as G2
electrode 425 and G3 electrode 430 are similarly dis-
posed circumferentially about the path of the electrons
emitted by the filament element. The gas, preferably ar-
gon, is supplied from a conventional gas reservoir 795,
the flow of which is controlled and maintained by mass
flow controller 790 and computing device 550, as more
fully illustrated in Figure 14. G2 and G3 electrodes 425
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and 430, respectively, are utilized to guide the electrons
from the filament into the ionization region in the hollow
bore of the ionization chamber block 380. An electric field
is established within the ionization region by applying a
suitable voltage difference, preferably between IV and
20V, between G3 electrode 430 and exit aperture 435.
A portion of the electrons from the filament enter into the
ionization region and collide with gas atoms introduced
into the ionization region through gas delivery tube 405.
A portion of the resultant collisions produce ionized gas
atoms, as is well known to those skilled in the art, which
are directed toward exit aperture 435 by virtue of the
aforementioned electric field. A portion of the ions strike
the metal surrounding exit aperture 435 and are neutral-
ized by transfer of electrons with the metal parts, but
some of the ions pass through the exit aperture 435 and
are therefore directed into the lens. As is also well known
to those skilled in the art, this electrode geometry is of a
type utilized to produce ions having uniform kinetic en-
ergy within a range of plus or minus 2 eV, with a mean
energy that is closely related to the bias voltage on the
ionization chamber block 380 with respect to the speci-
men, typically in the range of 10 eV to 1 keV. Voltages
are applied to each of the electrodes through connectors
370 and electrical contact block 400, as determined by
the user, through the processor interface, as will be de-
scribed herein. Once the ions emerge from exit aperture
435, they are directed into lens entrance electrode 450,
which is provided with a conical bore therein and is elec-
trically grounded. Lens entrance electrode 450 is sup-
ported by lens support flange 445, which is in turn sup-
ported by low energy housing support rods 375 directly
from low energy source carrier top flange 385. The lens
elements, including lens entrance electrode 450, lens
ground segment 460, lens active segment 465 and de-
flection segments 470 are all contained within lens hous-
ing 475, which is also affixed to lens support flange 455,
creating a self-contained unit. Lens active segment 465
is electrically connected through external low energy lens
connector 440 to an external power source which is under
the control of the central processor, as will be described
herein. A voltage is applied to lens active segment 465,
proportional to the ion beam energy and generally in the
range of approximately 200 to 1000 V, creating an image
with ions of exit aperture 435 on the specimen, with a
magnification range of approximately 1, i.e., a range of
0.1 to 10. With a suitably sized exit aperture 435, an im-
age or spot size of approximately 1 mm - 100 mm is
achieved on the specimen surface. The beam passes
through the bore of the lens elements to the final section
of the lens, deflection segments 470 which provide a ras-
tering function. Deflection segments 470 are a plurality
of electrically isolated segments forming a circumferen-
tial ring about the path of the beam. Differential voltages
are selectively applied to the different electrically isolated
deflection segments 470 in order to cause the beam
emerging from the lens to be deflected by a desired angle,
which is proportional to the differential voltage and gen-

erally in the range of 0 to 10 degrees. Angular deflection
of the beam at the output of the lens results in a change
in the position of the image or spot on the specimen sur-
face. Appropriate electrical controls from the central proc-
essor will thus cause the beam to be directed in a pattern
across the surface of the specimen, which is located di-
rectly below deflection segments 470.
[0054] Referring now to Figures 4 and 12, a Faraday
cup mounting flange 480 is located in low energy ion
source mounting block 260, opposite the low energy ion
mill module 75. Faraday cup mounting flange 480 sup-
ports Faraday cup 270 and Faraday cup connector 275,
which permits the communication of current flow from
Faraday cup 270 to the outside environment. Faraday
cup 270 is utilized to measure the output of low energy
ion mill module 75 in a testing mode when no specimen
is present in order to determine the output current of low
energy ion mill module 75.
[0055] Referring now to Figures 5 and 13, a secondary
electron detector imaging module 80, or SED, is provided
for the imaging of the specimen during low energy milling.
During the low energy milling process, secondary elec-
trons will be ejected from the surface of the specimen
upon the impingement of the ions constituting the low
energy milling beam. SED imaging module 80 is mounted
with the collection electrode 510 internal to low energy
mounting source block 260 within low energy milling
chamber 265 immediately adjacent specimen holder
module 140 when in the operative position for low energy
milling. The secondary electrons are attracted and de-
flected into SED imaging module 80 by electrode 510
and impinge upon scintillator surface 505 of SED light
guide 500. Scintillator surface 505 is held at a high pos-
itive potential such as 10 kV with respect to the chamber
265 so that electrons will strike the scintillator 505 with
high kinetic energy such as 10 keV. SED mounting flange
520 comprises a housing which receives and supports
electrode 510 and light guide 500 to SED housing 515.
SED housing 515 supports photomultiplier tube 495
which is powered through electrical connector 485 in
electrical communication with the processing and imag-
ing modules described herein. In operation, the second-
ary electrons impinge upon SED scintillator 505, causing
the emission or generation of light signals in proportion
to the quantity of secondary electrons impinging thereon.
The light signals pass through the SED light guide 500
to photomultiplier tube 495, which converts the light sig-
nals into electrical current, proportional to the intensity
of incident light. Voltage divider 490 provides a necessary
distribution of potentials to the electrodes within the pho-
tomultiplier tube 495, as is described and implemented
by Hammamatsu Company, Japan. Electrical output of
the photomultiplier tube 495, which is substantially pro-
portional to the incident light intensity and therefore sub-
stantially proportional to the quantity of collected second-
ary electrons, is transmitted to the processor through
connector 485. A signal processing device, such as a PC
or oscilloscope, records the instantaneous position of the
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incident ion beam on the specimen and also the received
SED signal amplitude. If the sample is not homogeneous,
the relative production of secondary electrons may differ
for different locations of the ion beam image on the sam-
ple. In the extreme case, for example, if the sample does
not cover the entire deflection area of the incident ion
beam, a secondary electron signal will be received when
the beam impinges on the sample, and will not be re-
ceived when the ion beam is positioned on a location at
which no sample material is present. In this way a graph-
ical representation or image of the sample represented
by the quantity of secondary electrons received by scin-
tillator 505 as a function of beam or the spot position on
the sample surface, may be displayed upon screen dis-
play 40.
[0056] Referring now to Figures 4, 14 and 15, a com-
puting device 550, which is preferably a Windows-based
PC, is provided mounted within cabinet 5. It is constructed
having the typical components of processor, memory,
data storage and input/output or I/O functions. It is con-
sidered well within the skill of those in the art to establish
appropriate communications protocols between the com-
mercially available interface cards and circuitry and the
various electronic components according to the specific
parameters set by the component manufacturers. Com-
puting device 500, as is typical for such devices, may
also contain an ethernet or other networking port or con-
nection (not shown) for electronic data communication
with other devices on a local or global network. Such
communication may be utilized for interchange of data
or images, remote operation of the device and remote
diagnostic functions, among others.
[0057] As is customary with such devices, peripheral
control section 555 is provided for communicating with
peripheral devices. An RS-232 serial connection 560 is
provided for interface and data communication with high
energy milling circuit board 590. High energy milling cir-
cuit board 590 is utilized to route and translate electronic
communication with high energy module interface cards
600 provided for each of high energy ion mill modules
70. Electrical connections 600A and 70A, respectively,
provide electronic communication between these com-
ponents. High energy module interface card 600 is uti-
lized to translate operational instructions from computing
device 550 to the hollow anode discharge guns provided
within high energy ion mill module 70, which instructions
typically take the form of the application or discontinua-
tion of operation, as well as the precise electrical param-
eters to develop the user pre-selected output. Also con-
trolled is the delivery of the process gas, through the ac-
tivation of mass flow controller 790. Computing device
peripheral control section 555 further provides a serial
bus connection 565 which is preferably comprised of a
USB port. Serial bus connection 565 may be utilized to
communicate with any number of serial devices, but is
preferably utilized to communicate with CCD camera 210
for operational control thereof, as well as the receipt of
image information from CCD camera 210. Also provided

are keypad input connection 575, pointer input connec-
tion 580 and power connection 585 which are provided
in a conventional manner, as is found on the majority of
personal computing devices for user input and machine
control. Video output connection 570 is utilized to provide
graphical information to screen display 40, also in a con-
ventional manner.
[0058] Operational control of combined milling mech-
anism 15 is provided through the use of a series of inter-
face circuit boards which are typically commercially avail-
able, and I/O expansion cards for use with the particular
model of computing device 550 selected. The preferred
embodiment utilizes PCI bus-based interface cards con-
tained in I/O control section 615. Motor control circuit 620
is provided to translate and generate the appropriate mo-
tor control signals from computing device 550 to the var-
ious motors identified and utilized within the combined
ion milling mechanism 15. The signal path includes direct
communication through motor control circuit connection
620A to signal breakout circuit board 645. Signal break-
out circuit board 645 is provided as the locus for a variety
intermediate circuits within cabinet 5 in order to facilitate
the location and mounting of various electronic and me-
chanical components therein. Signal breakout circuit
board 645 also provides operational power to the various
motors and peripheral devices utilized in the combined
milling mechanism 15. Signal breakout circuit board 645
further contains various discrete circuits with are utilized
to route the various identified inputs to the appropriate
downstream interface circuitry or mechanical devices, as
will be further described herein. With respect to motor
control circuit 620, motor control circuit connection 620A
provides electronic communication between the appro-
priate segment of signal breakout circuit board 645 and
stage/vacuum circuit 655, shutter driver circuit 660 and
rotation motor driver circuit 665, as well as direct com-
munication to rotational displacement motor 120, speci-
men positioning device location sensor 675, lateral dis-
placement motor 105 and specimen positioning device
tilt sensor 680.
[0059] More specifically, motor control circuit 620, in
conjunction with the appropriate segments of signal brea-
kout circuit board 645, provide electronic communication
with shutter driver circuit 660, which interprets and trans-
lates electronic communication and instructions to shut-
ter motor 670 contained within chamber shutter assembly
228. Motor control circuit 620 and signal breakout circuit
board 645 directly communicate with rotational displace-
ment motor 120 through rotational motor displacement
connection 120A for control and operation of the tilting
function of the specimen stage. As previously described,
specimen positional device location sensor 675 is utilized
to detect and identify an arbitrary zero or end point of that
tilting movement and communicates such locational in-
formation to motor control circuit 620 and computing de-
vice 550 through specimen positioning device location
sensor connection 675. Likewise, motor control circuit
620 controls and receives communication from lateral
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displacement motor 105 and specimen positioning de-
vice location sensor 675 in a similar manner. Utilizing this
circuitry, motor control circuit 620 and computing device
550 control the lateral movement of the specimen stage
module and translocate the same through the various
milling positions and the load/unload position.
[0060] Digital I/O control circuit 625, digital to analog
control circuit 630, slow analog to digital control circuit
635 and fast analog to digital control circuit 640, like motor
control circuit 620, are provided in the form of PCI-based
interface cards in conjunction with computing device 550.
These commercially available devices are utilized in con-
junction with the appropriate sections of signal breakout
circuit board 645 in the passage and translation of elec-
tronic data and power to and from the various electronic
components. In this manner, computing device 550
through signal breakout control circuit 645 and stage/vac-
uum interface circuit 655, can receive electronic output
signals from temperature sensor 309, convert the data
output of temperature sensor 309 into an appropriate
temperature measurement scale, and display such out-
put on screen display 40, as will be described further
herein.
[0061] Stage/vacuum interface circuit 655 further pro-
vides an actuation circuit for heater rod 307 located within
specimen stage module 140 for the adjustment of the
specimen temperature during the load/unload sequence
as previous described. The utilization of this circuitry fur-
ther permits computing device 550 to allow the user to
preset or program certain conditions based upon the
achievement of a certain target temperature or to initiate
certain conditions such as activation of the heater rod
307 when certain temperature conditions are not met.
Stage/vacuum interface circuit 655 also controls the op-
eration of turbomolecular pump 91, roughing pump 93
and associated vacuum valves 92, as will be more fully
described herein with particular reference to Figure 14.
Under normal operating circumstances, vacuum cham-
ber 55 is evacuated through the use of vacuum pump
module 90, which is itself comprised of turbomolecular
pump 91 and roughing pump 93. Roughing pump 93 is
necessary to create an initial base vacuum from which
turbo molecular pump 91 may begin operation. Turbo-
molecular pump 91 is typically not capable of drawing a
vacuum from ambient air pressure. Vacuum valve 92 is
disposed between turbomolecular pump 91 and roughing
pump 93 to permit roughing pump 93 to be operated in-
dependently of turbomolecular pump 91. As previously
described in conjunction with the load lock 85, roughing
pump 93 may be utilized to evacuate the chamber cre-
ated in load lock 85 during the load/unload sequence. In
this situation, the vacuum valve between turbomolecular
pump 91 and roughing pump 93 is closed while vacuum
valve 92 located between load lock 85 and roughing
pump 93 is open. During all other operation of the com-
bined milling mechanism 15, this load lock vacuum valve
92 remains closed. Load lock vacuum sensor 119 is pro-
vided to determine when the appropriate vacuum has

been achieved within load lock cap 280. With respect to
both the load lock operation as well as the normal pump-
ing of vacuum chamber 55, appropriate vacuum valves
92 are provided to permit the venting of the chambers
and the exhaust of pumped air in conjunction with appro-
priate valves.
[0062] Returning to Figures 4, 14 and 15, computing
device 500, through I/O control section 615, further con-
trols the operation of low energy ion mill module 75 and
the associated SED imaging module 80. Computing de-
vice 550, through signal breakout circuit board 645, is in
operational communication with low energy ion mill mod-
ule interface circuit 685, which is utilized to control low
energy ion module 75 and, more particularly, the ion
source contained therein. Low energy ion mill module
interface circuit connections 685A provide for the routing
of electronic communications thereto and permit the con-
trol of power being applied to the filament support block
415, the wehnelt electrode 420, the G2 and G3 electrodes
425 and 430, respectively, and exit aperture 435. Control
of the device is maintained through the transmission of
user preset signals which monitor the current flow to the
various components.
[0063] Similarly, low energy ion mill lens interface cir-
cuit 690, in conjunction with connection 690A, provides
similar control for the various components of the low en-
ergy source. Electronic communication is provided
through external low energy lens connector 440 and elec-
tronic signals from computing device 550 are utilized to
control electronic current flow and deflection through sig-
nal breakout control circuit 645 to lens active segment
465 and deflection segment 470. Also controlled is the
delivery of the process gas, through the activation of
mass flow controller 790.
[0064] Computing device 550 utilizes I/O control sec-
tion 615 in order to operate and receive graphic images
from SED imaging module 80 through the use of SED
imaging module interface circuit 695. The interface 695
provides the ability for computing device 550 to initiate
operation of SED imaging module 80, as well as receive
the output therefrom, which has been amplified by SED
amplifier 800 before returning for interpretation by com-
puting device 550 and the projection of a graphical rep-
resentation thereof on screen display 40.
[0065] Referring now to Figure 16, a graphical repre-
sentation is made of a typical main screen display 700
which is utilized to provide an interface between the user
and device. Main screen display 700 is intended to permit
the user to select various functions of the combined mill-
ing mechanism 15 as well as observe a variety of images
and data output in order to monitor the progress of the
milling functions. Main screen display 700 is provided
with status bar display 705 which contains a series of
sections which report the status of the various operational
devices utilized in conjunction with the combined milling
mechanism 15. It is to be specifically understood that
main screen display 700 may be utilized in a variety of
formats as is well known in the art, and may be oriented
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in any fashion suitable to the designer.
[0066] Status bar display 705 contains error indicator
section 710 which may utilize a series of indicator icons
or other textual output which may indicate an error or
fault condition. Specimen stage temperature status sec-
tion 715 displays the current temperature of specimen
holder block 305, and consequently, the specimen, as
determined from temperature sensor 309 as well as the
activation status of heater rod 307. Additionally, speci-
men stage temperature status section 715 may contain
information relating to the engagement of thermally con-
ductive support 131 with specimen stage module 140,
indicating that the cooling capacity of the liquid nitrogen
media contained in dewar 155 is being applied to spec-
imen stage module 140, as appropriate. Vacuum/load
lock status section 720 typically provides a boolean out-
put indicating the condition of presence or absence of
appropriate vacuum in the load lock, the chamber, and
the open or closed status of load lock 85. This information
is detected from chamber vacuum gauge 118, load lock
vacuum sensor 119, and an interface switch (not shown)
which is activated upon the engagement of load lock cap
280 with end plate 262. Activity status section 725 indi-
cates the position and activity of specimen holder module
140 with respect to either high energy ion mill module
70, low energy ion mill module 75, load lock 85, or in a
resting position. Activity status section 725 further indi-
cates whether high energy ion mill module 70 or low en-
ergy mill module 75 is in an active condition.
[0067] Message section 730 may be utilized for com-
munication of a variety of messages including status,
help, or other conditions of the device. Main screen dis-
play 700 further contains and displays activity buttons
740 which are utilized to access additional menus and
command dialog boxes from which certain operations or
sequences may be initiated or tracked. These may in-
clude maintenance, calibration, and other functions uti-
lizing a series of screen displays which are purely factual
in nature and within the ambit of those skilled in the art.
The activity buttons 740 are typically contained within an
activity bar display 735 which is utilized to provide a de-
gree of organization to main screen display 700. With
respect to screen displays, of particular interest are ac-
tivity scheduler screen 745 and motion control display
765 as shown in Figure 17.
[0068] Referring now to activity scheduler screen 745
as shown in Figure 16, this screen provides the ability to
program a series of algorithmic steps into the device to
allow the user to program and initiate a sequence of
events which will be automatically carried out by the de-
vice without additional user input or supervision. These
protocols may be saved and stored as necessary for re-
peated operation or modification. Activity scheduler
screen 745 is provided having an activity list screen 750
in which the various steps of the procedure are displayed
after selection and addition by the user. The various op-
erations that may be included in the activity list screen
750 are contained as buttons in activity selector display

755. These include the selection of high energy milling,
low energy milling, movement of the specimen between
the various stations and load lock, imaging of the spec-
imen at the two milling stations, the operation of the vac-
uum components as well as the ability to set certain end
points and conditions for each operation. These end
points and conditions include end point detection for high
energy milling as described with reference to end point
detector primary light source 240, a preset time duration
for any milling operation, and certain temperature param-
eters as detected by temperature sensor 309. Each of
these commands and parameters may be input in any
order, although it should be obvious to one skilled in the
art that certain activities may take place only after the
completion of other prerequisite steps.
[0069] Main screen display 700 is further provided with
vacuum control bar 760 which permits manual control of
the various pumping activities of vacuum pump module
90, the component turbomolecular pump 91 and compo-
nent roughing pump 93, as well as the initiation of the
load/unload sequence.
[0070] Referring now to Figure 17, precise manual con-
trol of specimen stage module 140 is obtained through
the use of motion control display 765, which is one of
activity buttons 740 selectable from main screen display
700. Motion control display 765 includes motion control
status display 770 which provides a graphical represen-
tation of the location and condition of the various com-
ponents of combined milling mechanism 15. Actual con-
trol of the device is provided through holder rotation con-
trol bar 775 for the circular rotation of specimen holder
335. Specimen holder 335 may be rotated either clock-
wise or counterclockwise through the use of appropriate
controls within holder rotation control bar 775, as well as
returning specimen holder 335 to the arbitrary zero point
as provided through the end detection means described
previously.
[0071] Stage tilt control bar 780 allows for manual con-
trol of the tilt of specimen stage module 140 through the
rotation of specimen positioning module 60, as previously
described. The use of appropriate buttons or icons allow
the user to engage the rotation of specimen positioning
module 60 in either of two arbitrarily identified directions.
The translocation or lateral movement of specimen po-
sitioning module 60 is controlled through the buttons con-
tained within stage lateral displacement control bar 785,
which engages lateral displacement motor 105 for the
appropriate movement of specimen holder module 140
between the various stations, a rest position and the
load/unload position.
[0072] It is to be specifically noted that one skilled in
the art might select any one of a number of different
graphical representations to engage and monitor the
electrical and mechanical operation of the various com-
ponents of the device.
[0073] In operation, the device is initiated by powering
up computing device 550 and ensuring that appropriate
liquid nitrogen media is placed within dewar 155 through
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dewar access panel 25. The operation of computing de-
vice 550 is observed and initiated through the use of
screen display 40, keyboard 30 and pointing device 35
in a conventional manner well known within the skill of
those in the art in the utilization of PC-based computing
devices. Main screen display 700 is utilized to initiate
and/or access the appropriate operational parameters of
the device. A vacuum condition within chamber 55 and
low energy milling chamber 265 must be established,
although this may take place before or after the loading
of the initial specimen. In either event, the appropriate
control is selected from vacuum control bar 760 to initiate
the pumping sequence. The vacuum status is indicated
by vacuum/load lock status section 720, and when ap-
propriately indicated, the remaining steps of the proce-
dure may be initiated. In single operation, which is pro-
vided as an exemplar of all operations, both manual and
programmed, specimen stage module 140 is laterally
transferred into the appropriate load/unload position
through stage lateral displacement control bar 785. As
previously described, the initiation of this sequence caus-
es lateral displacement motor 105 to move specimen po-
sitioning module 60 into the load/unload position. The
movement of specimen stage module 140 into the
load/unload position further causes the disengagement
of secondary specimen support 135 from thermally con-
ductive support 131 at specimen holder temperature
transfer engagement surface 300, allowing specimen
holder stage 140 to return to ambient temperature. As
necessary, the operation of heater rod 307 may be initi-
ated through the appropriate commands (not shown) to
cause specimen stage module 140 to more quickly return
to an ambient temperature. The status of such temper-
ature change is indicated in specimen stage temperature
status section 715 of main screen display 700.
[0074] Once specimen stage module 140 has engaged
in the load/unload position and the temperature of spec-
imen stage module 140 has achieved ambient tempera-
ture, the chamber within load lock cap 280 is vented to
the use of the appropriate command on vacuum control
bar 760. As previously described, the operation of the
vacuum and venting processes include the initiation of a
base vacuum by roughing pump 93 and the utilization of
turbomolecular pump 91 to establish a more significant
vacuum as set by the operating parameters. The estab-
lished vacuum within load lock cap 280 is vented through
the opening of the appropriate valve, and an indication
of ambient pressure within load lock cap 280 is displayed
within vacuum/load lock status section 720. Load lock
cap 280 may then be disengaged from end plate 262 and
the specimen inserted within specimen mounting recess
358 and restrained by specimen restraining clips 359. It
is to be specifically noted that specimen holder 335 may
require modification for the use of alternatively shaped
specimens, but such modifications are within the ambit
of those skilled in the art. Additionally, interchangeable
specimen holders 335 may be utilized by alternative
mounting upon specimen stage gear 350A through the

use of appropriate mounting devices.
[0075] Having affixed the specimen in an appropriate
position on specimen holder 335, load lock cap 280 is
replaced in parallel engagement with end plate 262, and
an appropriate command is issued through vacuum con-
trol bar section 760 to evacuate load lock cap 280 to an
appropriate vacuum level. Once this is achieved, as in-
dicated in vacuum/load lock status section 720, and the
pump has established the appropriate vacuum, speci-
men positioning module 60 may be laterally displaced to
place the specimen in an appropriate position within com-
bined milling mechanism 15 for one of the two available
milling operations. Movement of specimen positioning
module 60 is initiated through the use of stage lateral
displacement control bar 785 on motion control display
765. The displacement of specimen positioning module
60 away from engagement in the load/unload position
allows secondary specimen support 135 to re-engage
thermally conductive support 131 at specimen holder
temperature transfer engagement surface 300. The in-
terface of secondary specimen support 135 with thermal-
ly conductive support 131 causes specimen stage mod-
ule 140 to be cooled by the liquid nitrogen media con-
tained within dewar 155. The status of the temperature
of specimen holder module 140 is illustrated within the
specimen stage temperature status section 715 of main
screen display 700, along with an indicator identifying
the cooling function.
[0076] Under normal conditions, a specimen is first
grossly thinned utilizing high energy ion mill module 70,
and then finished utilizing low energy ion mill module 75.
In that situation, specimen positioning module 60 is ac-
tivated through stage lateral displacement control bar
785 to the appropriate position as displayed in motion
control status display 770 within high energy ion mill mod-
ule 70. The milling parameters are defined by the user,
and may be manually or programmatically controlled.
These include time of milling, tilt and rotation of the spec-
imen during the milling operation, the intensity of the ion
impingement beam, temperature parameters for the
specimen, selection of the process gas and the intensity
of the end point detection illumination which will discon-
tinue the operation of the milling procedure. These pa-
rameters are all identified and set through the use of main
screen display 700, motion control display 765, or addi-
tional parameter displays (not shown) which would be
conventional numeric displays. With respect to the rota-
tion of the specimen, control of specimen holder 335 is
initiated through stage rotation control bar 775, as previ-
ously described. The tilt function is also controlled by
stage tilt control bar 780 while operation electrical pa-
rameters are controlled through activity selector display
755. In the event that a multiplicity of procedures are
contemplated to be conducted under programmatic con-
trol, each step of the algorithm is input into activity list
screen 750 through the use of appropriate commands
and parameters selected through activity selector display
755 and the appropriate submenus contained therein.
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The operation of such a programmed algorithm may be
initiated manually or may be saved to a data file for re-
peated or later use.
[0077] The operation of low energy ion mill module 75
is analogous to the operation of high energy ion mill mod-
ule 70 other than the need to laterally translocate spec-
imen stage module 140 to the appropriate position
through the use of stage lateral displacement control bar
785. As with high energy milling, low energy milling may
be conducted in conjunction with a variety of motion pa-
rameters including tilt and rotation of the specimen. It is
also contemplated that either module may be separately
applied, as necessitated by circumstances.
[0078] In either sequence, images of the milling oper-
ations may be viewed in real time on screen display 40,
as well as stored in appropriate data files, as either still
or full motion images, according to conventional imaging
storage techniques and formats. Selection of the various
screen displays related to imaging and motion are con-
trolled through the use of activity button 740 in activity
bar display 735.
[0079] At the conclusion of milling operations, speci-
men holder module 140 is returned to the load/unload
position and the procedure detailed previously regarding
the loading of the specimen is repeated. In this manner,
a sequence of specimens may be processed through
combined milling mechanism 15 without the need to rec-
reate the vacuum conditions within vacuum chamber 55
and low energy milling chamber 265.
[0080] While a present preferred embodiment of the
invention is described, it is to be distinctly understood
that the invention is not limited thereto, but may be oth-
erwise embodied and practiced with the scope of the fol-
lowing claims.

Claims

1. A device for the selective removal of material from
a specimen utilizing ion impingement, comprising a
vacuum chamber (55, 265), an ion source module
(70, 750) mounted within said vacuum chamber (55,
265), and a stage (140) for supporting and manipu-
lating said specimen within said vacuum chamber
(55, 265) for selective ion impingement of at least
one beam of ions upon said specimen under vacu-
um, characterized in that said ion source module
(70, 75) generating at least one focused beam of
ions having an energy range from 10eV to 1 keV,
and including at least one lens component (450, 460,
465, 470) comprising at least one active segment
(465) disposed proximate to and causing said at
least one focused beam of ions to form an impinge-
ment spot having a diameter of less than 0.5 mm.

2. A device as described in claim 1, wherein said ion
source module (75) further comprises separable ion
generating source and lens components.

3. A device as described in claim 2, wherein said lens
component further comprises at least one deflecting
segment (470) for modifying the path of the ion beam.

4. A device as described in claim 3, wherein said de-
flected beam may be rastered across the surface of
the specimen.

5. A device as described in claim 1, wherein said ion
beam diameter is within the range of 1 mm to 0.5 mm.

6. A device as described in claim 5, wherein said ion
beam diameter is approximately 1 to 100 mm.

7. A device as described in claim 6, wherein said ion
beam diameter is approximately 20 mm with a beam
energy in the range of 10eV to 1KeV.

8. A device as described in claim 1, wherein said ion
beam diameter is approximately 20mm with a beam
energy in the range of 10eV to 1keV.

9. A device as described in claim 1, wherein said ion
source module (70) comprises a plurality of ion
sources.

10. A device as described in claim 9, wherein said plu-
rality of ion sources are located within a single vac-
uum chamber (55).

11. A device as described in claim 1, wherein said device
further comprises a load lock (85).

12. A device as described in claim 11, wherein said load
lock (85) further comprises a load lock vacuum
chamber which can be evacuated and vented sep-
arately from said vacuum chamber (55) of said de-
vice.

13. A device as described in claim 11, wherein said load
lock (85) provides access to said specimen stage
(140) external to said device while said specimen
stage (140) is in a load position.

14. A device as described in claim 13, wherein said load
lock (85) provides access to said specimen stage
(140) external to said device while said specimen
stage (140) is in a load position and a vacuum con-
dition is maintained within said vacuum chamber.

15. A device as described in claim 1, further comprising
a cooling system for reducing the temperature of the
specimen and specimen stage.

16. A device as described in claim 15, wherein said cool-
ing system further comprises a reservoir (155) of
cooling medium.
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17. A device as described in claim 1, further comprising
a vacuum pumping system (90).

18. A device as described in claim 17, wherein said vac-
uum pumping system further comprises a main
pump (91) and a roughing pump (92).

19. A device as described in claim 18, said main pump
is a turbomolecular pump (91).

20. A device as described in claim 17, wherein said vac-
uum pumping system (90) is oil-free.

21. A device as described in claim 18, wherein said
roughing pump (92) is in separate vacuum commu-
nication with a load lock (85).

22. A device as described in claim 1, further comprising
at least one imaging module (65) for observation of
the specimen during milling mounted within said vac-
uum chamber (55).

23. A device as described in claim 22, wherein said at
least one imaging module (65) is selected from the
group consisting of optical, electro-optical or elec-
tronic microscopic devices.

24. A device as described in claim 23, wherein said at
least one imaging module is a CCD device (210).

25. A device as described in claim 24, wherein said CCD
device (210) is provided with zoom imaging capabil-
ities.

26. A device as described in claim 24, wherein said CCD
device (210) is utilized in conjunction with a high en-
ergy ion source.

27. A device as described in claim 23, wherein said at
least one imaging module is a secondary electron
detector (80).

28. A device as described in claim 27, wherein said sec-
ondary electron detector (80) is further comprised of
an electrode (510), a scintillator (505) and a photo-
multiplier tube (495).

29. A device as described in claim 27, wherein said sec-
ondary electron detector (80) is utilized in conjunc-
tion with a low energy ion source.

30. A device as described in claim 1, wherein said spec-
imen stage (140) further comprises a specimen hold-
er (315) for supporting and restraining said speci-
men.

31. A device as described in claim 1, wherein said spec-
imen holder (315) may be rotated.

32. A device as described in claim 31, wherein said spec-
imen holder (315) is rotated by a motor (345) con-
tained within said specimen stage (140).

33. A device as described in claim 1, wherein said spec-
imen holder (315) may be tilted within the range of
0 to 45 degrees with respect to the ion beam.

34. A device as described in claim 1, wherein said spec-
imen holder (315) is supported by said stage (140)
and said stage may be tilted.

35. A device as described in claim 1, wherein said spec-
imen stage (140) is supported by a positioning mod-
ule (60).

36. A device as described in claim 1, further comprising
a computing device (550) for selective operation of
said device.

37. A device as described in claim 36, wherein said com-
puting device (550) is in electronic communication
with said ion source module (70).

38. A device as described in claim 37, wherein said com-
puting device (550) is utilized to control said ion
source module (70).

39. A device as described in claim 36, wherein said com-
puting device (550) is utilized to locate said specimen
stage (140) with respect to said ion source module
(70).

40. A device as described in claim 36, wherein said com-
puting device (550) is utilized to displace said spec-
imen with respect to said ion source beam of ions.

41. A device as described in claim 36, wherein said com-
puting device (550) is in electronic communication
with at least one imaging module (65) for observing
the specimen during milling.

42. A device as described in claim 41, wherein said com-
puting device (550) is utilized to control said imaging
module (65).

43. A device as described in claim 41, wherein said com-
puting device (550) is utilized to display the output
of said imaging module (65).

44. A device as described in claim 36, wherein said com-
puting device (550) may be utilized to program an
operational algorithm which automatically performs
the ion milling functions of the device.

45. A device as described in claim 36, wherein said com-
puting device (550) may be utilized to program an
operational algorithm which automatically performs
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the milling, imaging, vacuum and specimen manip-
ulation functions of the device.

46. A method for the selective removal of material from
a specimen utilizing ion impingement, comprising
the step of:

supporting a specimen on a stage (140);
characterised by the steps of:

generating, using at least one ion source
module (70, 75) having at least one lens
component (450, 460, 465, 470), at least
one ion beam having an energy level of be-
tween 10eV and 1keV to the surface of said
specimen; and
focusing with said at least one lens compo-
nent (450, 460, 465, 470) comprising at
least one active segment (465) said at least
one ion beam onto an impingement spot
having a diameter of less than 0.5 mm.

47. A method as described in claim 46, further compris-
ing the step of deflecting the path of the ion beam,
causing said beam to be rastered across the surface
of the specimen.

48. A method as described in claim 47, wherein said ion
beam impingement spot diameter is within the range
of 1mm to 0.5 mm.

49. A method as described in claim 46, wherein said ion
beam impingement spot diameter is approximately
1 to 100mm.

50. A method as described in claim 49, wherein said ion
beam impingement spot diameter is approximately
20mm with a beam energy in the range of 10eV to
1keV.

51. A method as described in claim 46, wherein said ion
beam diameter is approximately 20mm with a beam
energy in the range of 10eV to 1keV.

52. A method as described in claim 46, wherein said
applying step further comprises a plurality of appli-
cations of ion beams on said specimen.

53. A method as described in claim 52, wherein said
plurality of applications further comprises the appli-
cation of at least one low energy beam and at least
one high energy beam, and wherein said at least one
low energy beam and said at least one high energy
beam have overlapping energy ranges, providing a
continuous energy range.

54. A method as described in claim 53, wherein said
continuous energy range is from 10eV to 1 keV.

55. A method as described in claim 54, wherein one of
said beams is focused on an upper surface of a spec-
imen to be milled and the other of said beams is
focused on a lower surface of said specimen.

56. A method as described in claim 46, wherein the step
of applying the ion beam further comprises the step
of controlling said application with a computing de-
vice (550).

57. A method as described in claim 46, further compris-
ing the step of sealing said specimen within a closed
vacuum chamber (55, 265).

58. A method as described in claim 57, wherein the step
of sealing said specimen within a closed vacuum
chamber further comprises the step of controlling
said sealing with a computing device (550).

59. A method as described in claim 46, further compris-
ing the step of placing the specimen under vacuum
prior to applying the ion beam.

60. A method as described in claim 59, wherein said step
of placing the specimen under vacuum comprises
evacuating said vacuum chamber with a roughing
pump (92) and then further evacuating said vacuum
chamber with a primary pump (91).

61. A method as described in claim 59, further compris-
ing the step of passing the specimen through a load
lock (85) prior to placing the specimen under vacu-
um.

62. A method as described in claim 59, wherein the step
of placing the specimen under vacuum further com-
prises the step of separately evacuating the load lock
(85).

63. A method as described in claim 57, further compris-
ing the step of extracting said specimen from said
chamber subsequent to said application of said ion
beam.

64. A method as described in claim 46, further compris-
ing the step of cooling the specimen and specimen
stage (140) during the application of the ion beam.

65. A method as described in claim 46, further compris-
ing the step of warming the specimen prior to extrac-
tion from the vacuum chamber.

66. A method as described in claim 46, further compris-
ing the step of monitoring the temperature of said
specimen stage (140).

67. A method as described in claim 46, further compris-
ing the step of cooling the specimen and specimen
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stage (140) during the application of the ion beam
and the step of warming the specimen and specimen
stage (140) prior to extraction from the vacuum
chamber wherein said warming step is initiated by
physical contact of the specimen stage (140) with a
load lock (85).

68. A method as described in claim 46, further compris-
ing the step of observing the specimen during the
application of the ion beam.

69. A method as described in claim 46, further compris-
ing the step of recording images of said observation
of said specimen.

70. A method as described in claim 46, further compris-
ing at least one of an observing of the specimen and
a recording of images of the specimen, wherein at
least one of said observing and recording steps uti-
lizes at least one imaging module (65) is selected
from the group consisting of optical, electro-optical
or electronic microscopic devices.

71. A method as described in claim 70, wherein at least
one of said observing and recording steps comprises
the step of controlling said observing and recording
with a computing device (550).

72. A method as described in claim 46, further compris-
ing the step of rotating the specimen during the ap-
plication of said ion beam.

73. A method as described in claim 46, further compris-
ing the step of tilting the specimen during the appli-
cation of said ion beam between the angles of 0 and
45 degrees with respect to said ion beam.

74. A method as described in claim 46, further compris-
ing the step of detecting the location of the specimen
with respect to the ion beam.

75. A method as described in claim 46, further compris-
ing the step of detecting the orientation of the spec-
imen with respect to the ion beam.

76. A method as described in claim 74, wherein the lo-
cation of the specimen is controlled by a computing
device (550).

77. A method as described in claim 46, wherein the fo-
cusing of said ion beam is controlled by a computing
device (550).

78. A method as described in claim 77, further compris-
ing the step of programming an operational algorithm
which automatically performs the ion milling func-
tions of the device.

79. A method as described in claim 78, further compris-
ing the step of executing such operational algorithm.

80. A method as described in claim 77, further compris-
ing the step of programming an operational algorithm
which automatically performs the milling, imaging,
vacuum and specimen manipulation functions of the
device.

81. A method as described in claim 80, further compris-
ing the step of executing such operational algorithm.

Patentansprüche

1. Vorrichtung zum selektiven Entfernen von Material
von einer Probe mittels Ionenbestrahlung, die eine
Vakuumkammer (55, 265), ein in der genannten Va-
kuumkammer (55, 265) montiertes Ionenquellenmo-
dul (70, 750) und eine Stufe (140) zum Lagern und
Manipulieren der genannten Probe in der genannten
Vakuumkammer (55, 265) zum selektiven Ionen-
strahlen von wenigstens einem Ionenstrahl auf die
genannte Probe unter Vakuum umfasst, dadurch
gekennzeichnet, dass das genannte Ionenquellen-
modul (70, 75) wenigstens einen fokussierten Ionen-
strahl mit einem Energiebereich von 10 eV bis 1 keV
erzeugt und wenigstens eine Linsenkomponente
(450, 460, 465, 470) mit wenigstens einem aktiven
Segment (465) umfasst, das in der Nähe des ge-
nannten wenigstens einen fokussierten Ionenstrahls
angeordnet ist und bewirkt, dass ein Bestrahlungs-
punkt mit einem Durchmesser von weniger als 0,5
mm gebildet wird.

2. Vorrichtung nach Anspruch 1, wobei das genannte
Ionenquellenmodul (75) ferner trennbare Ionener-
zeugungsquellen- und Linsenkomponenten um-
fasst.

3. Vorrichtung nach Anspruch 2, wobei die genannte
Linsenkomponente ferner wenigstens ein Ablenk-
segment (470) zum Modifizieren der Bahn des Io-
nenstrahls umfasst.

4. Vorrichtung nach Anspruch 3, wobei der genannte
abgelenkte Strahl über die Oberfläche der Probe ge-
rastert werden kann.

5. Vorrichtung nach Anspruch 1, wobei der genannte
Ionenstrahldurchmesser im Bereich von 1 mm bis
0,5 mm liegt.

6. Vorrichtung nach Anspruch 5, wobei der genannte
Ionenstrahldurchmesser etwa 1 bis 100 mm beträgt.

7. Vorrichtung nach Anspruch 6, wobei der genannte
Ionenstrahldurchmesser etwa 20 mm mit einer
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Strahlenenergie im Bereich von 10 eV bis 1 keV ist.

8. Vorrichtung nach Anspruch 1, wobei der genannte
Ionenstrahldurchmesser etwa 20 mm mit einer
Strahlenenergie im Bereich von 10 eV bis 1 keV ist.

9. Vorrichtung nach Anspruch 1, wobei das genannte
Ionenquellenmodul (70) mehrere Ionenquellen um-
fasst.

10. Vorrichtung nach Anspruch 9, wobei sich die ge-
nannten mehreren Ionenquellen in einer einzigen
Vakuumkammer (55) befinden.

11. Vorrichtung nach Anspruch 1, wobei die genannte
Vorrichtung ferner eine Ladeschleuse (85) umfasst.

12. Vorrichtung nach Anspruch 11, wobei die genannte
Ladeschleuse (85) ferner eine Ladeschleusenvaku-
umkammer umfasst, die separat von der genannten
Vakuumkammer (55) der genannten Vorrichtung
evakuiert und belüftet werden kann.

13. Vorrichtung nach Anspruch 11, wobei die genannte
Ladeschleuse (85) Zugang zu der genannten Pro-
benstufe (140) außerhalb der genannten Vorrich-
tung bietet, während die genannte Probenstufe
(140) in einer Ladeposition ist.

14. Vorrichtung nach Anspruch 13, wobei die genannte
Ladeschleuse (85) Zugang zu der genannten Pro-
benstufe (140) außerhalb der genannten Vorrich-
tung bietet, während die genannte Probenstufe
(140) in einer Ladeposition ist und die genannte Va-
kuumkammer in einem Vakuumzustand gehalten
wird.

15. Vorrichtung nach Anspruch 1, die ferner ein Kühl-
system zum Reduzieren der Temperatur der Probe
und der Probenstufe umfasst.

16. Vorrichtung nach Anspruch 15, wobei das genannte
Kühlsystem ferner ein Kühlmittelreservoir (155) um-
fasst.

17. Vorrichtung nach Anspruch 1, die ferner ein Vaku-
umpumpensystem (90) umfasst.

18. Vorrichtung nach Anspruch 17, wobei das genannte
Vakuumpumpensystem ferner eine Hauptpumpe
(91) und eine Vorvakuumpumpe (92) umfasst.

19. Vorrichtung nach Anspruch 18, wobei die genannte
Hauptpumpe eine turbomolekulare Pumpe (91) ist.

20. Vorrichtung nach Anspruch 17, wobei das genannte
Vakuumpumpensystem (90) ölfrei ist.

21. Vorrichtung nach Anspruch 18, wobei die genannte
Vorvakuumpumpe (92) in separater Vakuumverbin-
dung mit einer Ladeschleuse (85) ist.

22. Vorrichtung nach Anspruch 1, die ferner wenigstens
ein Bilderzeugungsmodul (65) zum Beobachten der
Probe beim Fräsen in der genannten Vakuumkam-
mer (55) montiert umfasst.

23. Vorrichtung nach Anspruch 22, wobei das genannte
wenigstens eine Bilderzeugungsmodul (65) ausge-
wählt ist aus der Gruppe bestehend aus optischen,
elektrooptischen und elektronischen Mikroskopie-
geräten.

24. Vorrichtung nach Anspruch 23, wobei das genannte
wenigstens eine Bilderzeugungsmodul eine CCD-
Vorrichtung (210) ist.

25. Vorrichtung nach Anspruch 24, wobei die genannte
CCD-Vorrichtung (210) Zoom-Imaging-Fähigkeiten
aufweist.

26. Vorrichtung nach Anspruch 24, wobei die genannte
CCD-Vorrichtung (210) in Verbindung mit einer
Hochenergieionenquelle verwendet wird.

27. Vorrichtung nach Anspruch 23, wobei das genannte
wenigstens eine Bilderzeugungsmodul ein Sekun-
därelektronendetektor (80) ist.

28. Vorrichtung nach Anspruch 27, wobei der genannte
Sekundärelektronendetektor (80) ferner aus einer
Elektrode (510), einem Szintillator (505) und einer
Fotovervielfacherröhre (495) besteht.

29. Vorrichtung nach Anspruch 27, wobei der genannte
Sekundärelektronendetektor (80) in Verbindung mit
einer Niederenergieionenquelle verwendet wird.

30. Vorrichtung nach Anspruch 1, wobei die genannte
Probenstufe (140) ferner einen Probenhalter (315)
zum Lagern und Festhalten der genannten Probe
umfasst.

31. Vorrichtung nach Anspruch 1, wobei der genannte
Probenhalter (315) gedreht werden kann.

32. Vorrichtung nach Anspruch 31, wobei der genannte
Probenhalter (315) von einem in der genannten Pro-
benstufe (140) enthaltenen Motor (345) gedreht
wird.

33. Vorrichtung nach Anspruch 1, wobei der genannte
Probenhalter (315) im Bereich von 0 bis 45 Grad mit
Bezug auf den Ionenstrahl gekippt werden kann.

34. Vorrichtung nach Anspruch 1, wobei der genannte
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Probenhalter (315) von der genannten Stufe (140)
getragen wird und die genannte Stufe gekippt wer-
den kann.

35. Vorrichtung nach Anspruch 1, wobei die genannte
Probenstufe (140) von einem Positionierungsmodul
(60) getragen wird.

36. Vorrichtung nach Anspruch 1, die ferner ein Com-
putergerät (550) zum selektiven Betreiben der ge-
nannten Vorrichtung umfasst.

37. Vorrichtung nach Anspruch 36, wobei das genannte
Computergerät (550) in elektronischer Verbindung
mit dem genannten Ionenquellenmodul (70) ist.

38. Vorrichtung nach Anspruch 37, wobei das genannte
Computergerät (550) zum Steuern des genannten
Ionenquellenmoduls (70) benutzt wird.

39. Vorrichtung nach Anspruch 36, wobei das genannte
Computergerät (550) zum Orten der genannten Pro-
benstufe (140) mit Bezug auf das genannte Ionen-
quellenmodul (70) benutzt wird.

40. Vorrichtung nach Anspruch 36, wobei das genannte
Computergerät (550) zum Verdrängen der genann-
ten Probe mit Bezug auf den genannten Ionenquel-
lenstrahl von Ionen benutzt wird.

41. Vorrichtung nach Anspruch 36, wobei das genannte
Computergerät (550) in elektronischer Verbindung
mit wenigstens einem Bilderzeugungsmodul (65)
zum Beobachten der Probe beim Fräsen ist.

42. Vorrichtung nach Anspruch 41, wobei das genannte
Computergerät (550) zum Steuern des genannten
Bilderzeugungsmoduls (65) benutzt wird.

43. Vorrichtung nach Anspruch 41, wobei das genannte
Computergerät (550) zum Anzeigen des Ausgangs
des genannten Bilderzeugungsmoduls (65) benutzt
wird.

44. Vorrichtung nach Anspruch 36, wobei das genannte
Computergerät (550) zum Programmieren eines Be-
triebsalgorithmus benutzt werden kann, der die Io-
nenfräsfunktionen der Vorrichtung automatisch aus-
führt.

45. Vorrichtung nach Anspruch 36, wobei das genannte
Computergerät (550) zum Programmieren eines Be-
triebsalgorithmus benutzt werden kann, der die
Fräs-, Bilderzeugungs-, Vakuum- und Probenmani-
pulationsfunktionen der Vorrichtung automatisch er-
füllt.

46. Verfahren zum selektiven Entfernen von Material

von einer Probe unter Anwendung von Ionenbe-
strahlung, das den folgenden Schritt beinhaltet:

Lagern einer Probe auf einer Stufe (140);
gekennzeichnet durch die folgenden Schritte:

Erzeugen, mit wenigstens einem Ionen-
quellenmodul (70, 75) mit wenigstens einer
Linsenkomponente (450, 460, 465, 470),
wenigstens eines Ionenstrahls mit einem
Energiepegel zwischen 10 eV und 1 keV
auf der Oberfläche der genannten Probe;
und
Fokussieren, mit der genannten wenigs-
tens einen Linsenkomponente (450, 460,
465, 470), die wenigstens ein aktives Seg-
ment (465) umfasst, des genannten we-
nigstens einen Ionenstrahls auf einen Be-
strahlungspunkt mit einem Durchmesser
von weniger als 0,5 mm.

47. Verfahren nach Anspruch 46, das ferner den Schritt
des Ablenkens der Bahn des Ionenstrahls beinhal-
tet, so dass der genannte Strahl über die Oberfläche
der Probe gerastert wird.

48. Verfahren nach Anspruch 47, wobei der genannte
Ionenbestrahlungspunktdurchmesser im Bereich
von 1 mm bis 0,5 mm liegt.

49. Verfahren nach Anspruch 46, wobei der genannte
Ionenbestrahlungspunktdurchmesser etwa 1 bis
100 mm beträgt.

50. Verfahren nach Anspruch 49, wobei der genannte
Ionenbestrahlungspunktdurchmesser etwa 20 mm
bei einer Strahlenergie im Bereich von 10 eV bis 1
keV ist.

51. Verfahren nach Anspruch 46, wobei der genannte
Ionenstrahldurchmesser etwa 20 mm bei einer
Strahlenergie im Bereich von 10 eV bis 1 keV ist.

52. Verfahren nach Anspruch 46, wobei der genannte
Applikationsschritt ferner mehrere Ionenstrahlappli-
kationen auf die genannte Probe beinhaltet.

53. Verfahren nach Anspruch 52, wobei die genannten
mehreren Applikationen ferner das Applizieren von
wenigstens einem Niederenergiestrahl und wenigs-
tens einem Hochenergiestrahl umfassen und wobei
der genannte wenigstens eine Niederenergiestrahl
und der genannte wenigstens eine Hochenergie-
strahl überlappende Energiebereiche haben, die ei-
nen kontinuierlichen Energiebereich ergeben.

54. Verfahren nach Anspruch 53, wobei sich der ge-
nannte kontinuierliche Energiebereich von 10 eV bis
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1 keV erstreckt.

55. Verfahren nach Anspruch 54, wobei einer der ge-
nannten Strahlen auf eine Oberseite einer zu fräsen-
den Probe fokussiert wird und der andere der ge-
nannten Strahlen auf eine Unterseite der genannten
Probe fokussiert wird.

56. Verfahren nach Anspruch 46, wobei der Schritt des
Applizierens des Ionenstrahls ferner den Schritt des
Steuerns der genannten Applikation mit einem Com-
putergerät (550) beinhaltet.

57. Verfahren nach Anspruch 46, das ferner den Schritt
des dichten Verschließens der genannten Probe in
einer geschlossenen Vakuumkammer (55, 265) be-
inhaltet.

58. Verfahren nach Anspruch 57, wobei der Schritt des
Verschließens der genannten Probe in einer ge-
schlossenen Vakuumkammer ferner den Schritt des
Steuerns des genannten Verschließens mit einem
Computergerät (550) umfasst.

59. Verfahren nach Anspruch 46, das ferner den Schritt
des Setzens der Probe unter Vakuum vor dem Ap-
plizieren des Ionenstrahls beinhaltet.

60. Verfahren nach Anspruch 59, wobei der genannte
Schritt des Setzens der Probe unter Vakuum das
Evakuieren der genannten Vakuumkammer mit ei-
ner Vorvakuumpumpe (92) und dann das weitere
Evakuieren der genannten Vakuumkammer mit ei-
ner primären Pumpe (91) beinhaltet.

61. Verfahren nach Anspruch 59, das ferner den Schritt
des Leitens der Probe durch eine Ladeschleuse (85)
vor dem Setzen der Probe unter Vakuum beinhaltet.

62. Verfahren nach Anspruch 59, wobei der Schritt des
Setzens der Probe unter Vakuum ferner den Schritt
des separaten Evakuierens der Ladeschleuse (85)
beinhaltet.

63. Verfahren nach Anspruch 57, das ferner den Schritt
des Extrahierens der genannten Probe aus der ge-
nannten Kammer nach der genannten Applikation
des genannen Ionenstrahls beinhaltet.

64. Verfahren nach Anspruch 46, das ferner den Schritt
des Kühlens der Probe und der Probenstufe (140)
während der Applikation des Ionenstrahls beinhaltet.

65. Verfahren nach Anspruch 46, das ferner den Schritt
des Erwärmens der Probe vor dem Herausnehmen
aus der Vakuumkammer beinhaltet.

66. Verfahren nach Anspruch 46, das ferner den Schritt

des Überwachens der Temperatur der genannten
Probenstufe (140) beinhaltet.

67. Verfahren nach Anspruch 46, das ferner den Schritt
des Kühlens der Probe und der Probenstufe (140)
während der Applikation des Ionenstrahls und den
Schritt des Erwärmens der Probe und der Proben-
stufe (140) vor dem Herausnehmen aus der Vaku-
umkammer beinhaltet, wobei der genannte Erwär-
mungsschritt durch physikalischen Kontakt der Pro-
benstufe (140) mit einer Ladeschleuse (85) einge-
leitet wird.

68. Verfahren nach Anspruch 46, das ferner den Schritt
des Beobachtens der Probe während der Applikati-
on des Ionenstrahls beinhaltet.

69. Verfahren nach Anspruch 46, das ferner den Schritt
des Aufzeichnens von Bildern der genannten Beo-
bachtung der genannten Probe beinhaltet.

70. Verfahren nach Anspruch 46, das ferner das Beob-
achten der Probe und/oder das Aufzeichnen von Bil-
dern der Probe beinhaltet, wobei in dem/den ge-
nannten Beobachtungsund/oder Aufzeichnungs-
schritt(en) wenigstens ein Bilderzeugungsmodul
(65) verwendet wird, ausgewählt aus der Gruppe be-
stehend aus optischen, elektrooptischen und elek-
tronischen Mikroskopiegeräten.

71. Verfahren nach Anspruch 70, wobei der genannte
Beobachtungs- und/oder Aufzeichnungsschritt den
Schritt des Steuerns des genannten Beobachtens
und Aufzeichnens mit einem Computergerät (550)
beinhaltet/n.

72. Verfahren nach Anspruch 46, das ferner den Schritt
des Drehens der Probe während der Applikation des
genannten Ionenstrahls beinhaltet.

73. Verfahren nach Anspruch 46, das ferner den Schritt
des Kippens der Probe während der Applikation des
genannten Ionenstrahls zwischen den Winkeln 0 bis
45 Grad mit Bezug auf den genannten Ionenstrahl
beinhaltet.

74. Verfahren nach Anspruch 46, das ferner den Schritt
des Erkennens des Ortes der Probe mit Bezug auf
den Ionenstrahl beinhaltet.

75. Verfahren nach Anspruch 46, das ferner den Schritt
des Erkennens der Orientierung der Probe mit Be-
zug auf den Ionenstrahl beinhaltet.

76. Verfahren nach Anspruch 74, wobei der Ort der Pro-
be von einem Computergerät (550) gesteuert wird.

77. Verfahren nach Anspruch 46, wobei das Fokussie-
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ren des genannten Ionenstrahls von einem Comput-
ergerät (550) gesteuert wird.

78. Verfahren nach Anspruch 77, das ferner den Schritt
des Programmierens eines Betriebsalgorithmus be-
inhaltet, der die Ionenfräsfunktionen der Vorrichtung
automatisch erfüllt.

79. Verfahren nach Anspruch 78, das ferner den Schritt
des Ausführens eines solchen Betriebsalgorithmus
beinhaltet.

80. Verfahren nach Anspruch 77, das ferner den Schritt
des Programmierens eines Betriebsalgorithmus be-
inhaltet, der die Fräs-, Bilderzeugungs-, Vakuum-
und Probenmanipulationsfunktionen der Vorrich-
tung automatisch erfüllt.

81. Verfahren nach Anspruch 80, das ferner den Schritt
des Ausführens eines solchen Betriebsalgorithmus
beinhaltet.

Revendications

1. Dispositif d’enlèvement sélectif de matière d’un spé-
cimen en utilisant la collision d’ions, comprenant une
chambre à vide (55, 265), un module de source
d’ions (70, 750) monté à l’intérieur de ladite chambre
à vide (55, 265), et une platine (140) pour soutenir
et manipuler ledit spécimen à l’intérieur de ladite
chambre à vide (55, 265) pour la collision sélective
d’ions d’au moins un faisceau d’ions sur ledit spéci-
men sous vide, caractérisé en ce que ledit module
de source d’ions (70, 75) génère au moins un fais-
ceau focalisé d’ions ayant une plage d’énergie de
10eV à 1keV, et inclut au moins un composant de
lentille (450, 460, 465, 470) comprenant au moins
un segment actif (465) disposé à proximité de et fai-
sant que ledit au moins un faisceau focalisé d’ions
forme un point de collision ayant un diamètre de
moins de 0,5 mm.

2. Dispositif selon la revendication 1, dans lequel le mo-
dule de source d’ions (75) comprend en outre des
composants séparables de source de génération
d’ions et de lentille.

3. Dispositif selon la revendication 2, dans lequel ledit
composant de lentille comprend au moins un seg-
ment déflecteur (470) pour modifier la trajectoire du
faisceau d’ions.

4. Dispositif selon la revendication 3, dans lequel ledit
faisceau défléchi peut être tramé sur la surface du
spécimen.

5. Dispositif selon la revendication 1, dans lequel le dia-

mètre dudit faisceau d’ions est dans la plage de 1
mm à 0,5 mm.

6. Dispositif selon la revendication 5, dans lequel le dia-
mètre dudit faisceau d’ions fait approximativment 1
à 100 mm.

7. Dispositif selon la revendication 6, dans lequel le dia-
mètre dudit faisceau d’ions fait approximativement
20 mm avec une énergie de faisceau dans la plage
de 10eV à 1keV.

8. Dispositif selon la revendication 1, dans lequel le dia-
mètre dudit faisceau d’ions fait approximativement
20 mm avec une énergie de faisceau dans la plage
de 10eV à 1keV.

9. Dispositif selon la revendication 1, dans lequel ledit
module de source d’ions (70) comprend une pluralité
de sources d’ions.

10. Dispositif selon la revendication 9, dans lequel ladite
pluralité de sources d’ions est située à l’intérieur de
la chambre à vide (55).

11. Dispositif selon la revendication 1, où ledit dispositif
comprend en outre un sas de chargement (85).

12. Dispositif selon la revendication 11, dans lequel ledit
sas de chargement (85) comprend en outre une
chambre à vide du sas de chargement dans laquelle
le vide peut être fait et qui peut être ventilée sépa-
rément de ladite chambre à vide (55) dudit dispositif.

13. Dispositif selon la revendication 11, dans lequel ledit
sas de chargement (85) donne accès à ladite platine
pour spécimen (140) de l’extérieur dudit dispositif
pendant que ladite platine pour spécimen (140) est
dans une position de chargement.

14. Dispositif selon la revendication 13, dans lequel ledit
sas de chargement (85) donne accès à ladite platine
pour spécimen (140) de l’extérieur dudit dispositif
pendant que ladite platine pour spécimen (140) est
dans une position de chargement et qu’une condition
de vide est maintenue dans ladite chambre à vide.

15. Dispositif selon la revendication 1, comprenant en
outre un système de refroidissement pour réduire la
température du spécimen et de la platine pour spé-
cimen.

16. Dispositif selon la revendication 15, dans lequel ledit
système de refroidissement comprend un réservoir
(155) de milieu de refroidissement.

17. Dispositif selon la revendication 1, comprenant en
outre un système de pompage à vide (90).
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18. Dispositif selon la revendication 17, dans lequel ledit
système de pompage à vide comprend en outre une
pompe principale (91) et une pompe à prévidage
(92).

19. Dispositif selon la revendication 18, ladite pompe
principale est une pompe turbomoléculaire (91).

20. Dispositif selon la revendication 17, dans lequel ledit
système de pompage à vide (90) est exempt d’huile.

21. Dispositif selon la revendication 18, dans lequel la-
dite pompe à prévidage (92) est en communication
sous vide séparée avec un sas de chargement (85).

22. Dispositif selon la revendication 1, comprenant en
outre au moins un module d’imagerie (65) pour l’ob-
servation du spécimen durant le broyage monté à
l’intérieur de ladite chambre à vide (55).

23. Dispositif selon la revendication 22, dans lequel ledit
au moins un module d’imagerie (65) est sélectionné
parmi le groupe consistant en dispositifs microsco-
piques optiques, électro-optiques ou électroniques.

24. Dispositif selon la revendication 23, dans lequel ledit
au moins un module d’imagerie est un dispositif CCD
(210).

25. Dispositif selon la revendication 24, dans lequel ledit
dispositif CCD (210) est pourvu de capabilités d’ima-
gerie avec zoom.

26. Dispositif selon la revendication 24, dans lequel ledit
dispositif CCD (210) est utilisé conjointement avec
une source d’ions de haute énergie.

27. Dispositif selon la revendication 23, dans lequel ledit
au moins un module d’imagerie est un détecteur
d’électrons secondaires (80).

28. Dispositif selon la revendication 27, dans lequel ledit
détecteur d’électrons secondaires (80) est constitué
en outre d’une électrode (510), d’un scintillateur
(505) et d’un tube photomultiplicateur (495).

29. Dispositif selon la revendication 27, dans lequel ledit
détecteur d’électrons secondaires (80) est utilisé
conjointement avec une source d’ions de basse
énergie.

30. Dispositif selon la revendication 1, dans lequel ladite
platine pour spécimen (140) comprend en outre un
porte-spécimen (315) soutenant et restreignant ledit
spécimen.

31. Dispositif selon la revendication 1, dans lequel ledit
porte-spécimen (315) peut être tourné.

32. Dispositif selon la revendication 31, dans lequel ledit
porte-spécimen (315) est tourné par un moteur (345)
contenu à l’intérieur de ladite platine pour spécimen
(140).

33. Dispositif selon la revendication 1, dans lequel ledit
porte-spécimen (315) peut être incliné dans la plage
de 0 à 45 degrés par rapport au faisceau d’ions.

34. Dispositif selon la revendication 1, dans lequel ledit
porte-spécimen (315) est soutenu par ladite platine
(140) et ladite platine peut être inclinée.

35. Dispositif selon la revendication 1, dans lequel ladite
platine pour spécimen (140) est soutenue par un mo-
dule de positionnement (60).

36. Dispositif selon la revendication 1, comprenant en
outre un appareil informatique (550) pour le fonction-
nement sélectif dudit dispositif.

37. Dispositif selon la revendication 36, dans lequel ledit
appareil informatique (550) est en communication
électronique avec ledit module de source d’ions (70).

38. Dispositif selon la revendication 37, dans lequel ledit
appareil informatique (550) est utilisé pour contrôler
le module de source d’ions (70).

39. Dispositif selon la revendication 36, dans lequel ledit
appareil informatique (550) est utilisé pour localiser
ladite platine pour spécimen (140) par rapport audit
module de source d’ions (70).

40. Dispositif selon la revendication 36, dans lequel ledit
appareil informatique (550) est utilisé pour déplacer
ledit spécimen par rapport audit faisceau d’ions de
la source d’ions.

41. Dispositif selon la revendication 36, dans lequel ledit
appareil informatique (550) est en communication
électronique avec au moins un module d’imagerie
(65) pour observer le spécimen durant le broyage.

42. Dispositif selon la revendication 41, dans lequel ledit
appareil informatique (550) est utilisé pour contrôler
ledit module d’imagerie (65).

43. Dispositif selon la revendication 41, dans lequel ledit
appareil informatique (550) est utilisé pour afficher
la sortie dudit module d’imagerie (65).

44. Dispositif selon la revendication 36, dans lequel ledit
appareil informatique (550) peut être utilisé pour pro-
grammer un algorithme opérationnel qui accomplit
automatiquement les fonctions de broyage ionique
du dispositif.
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45. Dispositif selon la revendication 36, dans lequel ledit
appareil informatique (550) peut être utilisé pour pro-
grammer un algorithme opérationnel qui accomplit
automatiquement les fonctions de broyage, d’ima-
gerie, de vide et de manipulation de spécimen du
dispositif.

46. Procédé pour enlever sélectivement de la matière
d’un spécimen en utilisant la collision d’ions, com-
prenant l’étape consistant à :

soutenir un spécimen sur une platine (140) ;
caractérisé par les étapes consistant à :

générer, en utilisant au moins un module de
source d’ions (70, 75) ayant au moins un
composant de lentille (450, 460, 465, 470),
au moins un faisceau d’ions ayant un niveau
d’énergie d’entre 10eV et 1keV à la surface
dudit spécimen ; et
focaliser avec ledit au moins un composant
de lentille (450, 460, 465, 470) comprenant
au moins un segment actif (465) ledit au
moins un faisceau d’ions sur un point de
collision ayant un diamètre de moins de 0,5
mm.

47. Procédé selon la revendication 46, comprenant en
outre l’étape consistant à défléchir la trajectoire du
faisceau d’ions, faisant que ledit faisceau est tramé
sur la surface du spécimen.

48. Procédé selon la revendication 47, dans lequel ledit
diamètre du point de collision du faisceau d’ions est
dans la plage de 1 mm à 0,5 mm.

49. Procédé selon la revendication 46, dans lequel ledit
diamètre du point de collision du faisceau d’ions fait
approximativement 1 mm à 100 mm.

50. Procédé selon la revendication 49, dans lequel ledit
diamètre du point de collision du faisceau d’ions fait
approximativement 20 mm avec une énergie de fais-
ceau dans la plage de 10eV à 1keV.

51. Procédé selon la revendication 46, dans lequel ledit
diamètre du faisceau d’ions fait approximativement
20 mm avec une énergie de faisceau dans la plage
de 10eV à 1keV.

52. Procédé selon la revendication 46, dans lequel ladite
étape d’application comprend en outre une pluralité
d’applications de faisceaux d’ions sur ledit spéci-
men.

53. Procédé selon la revendication 52, dans lequel ladite
pluralité d’applications comprend en outre l’applica-
tion d’au moins un faisceau de basse énergie et d’au

moins un faisceau de haute énergie, et dans lequel
ledit au moins un faisceau de basse énergie et ledit
au moins un faisceau de haute énergie ont des pla-
ges d’énergie qui se chevauchent, assurant une pla-
ge d’énergie continue.

54. Procédé selon la revendication 53, dans lequel ladite
plage d’énergie continue est de 10eV à 1keV.

55. Procédé selon la revendication 54, dans lequel l’un
desdits faisceaux est focalisé sur une surface supé-
rieure d’un spécimen à broyer et l’autre desdits fais-
ceaux est focalisé sur une surface inférieure dudit
spécimen.

56. Procédé selon la revendication 46, dans lequel l’éta-
pe consistant à appliquer le faisceau d’ions com-
prend en outre l’étape consistant à contrôler ladite
application avec un appareil informatique (550).

57. Procédé selon la revendication 46, comprenant en
outre l’étape consistant à sceller ledit spécimen à
l’intérieur d’une chambre à vide fermée (55, 265).

58. Procédé selon la revendication 57, dans lequel l’éta-
pe consistant à sceller ledit spécimen à l’intérieur
d’une chambre à vide fermée comprend en outre
l’étape consistant à contrôler ledit scellement avec
un appareil informatique (550).

59. Procédé selon la revendication 46, comprenant en
outre l’étape consistant à mettre le spécimen sous
vide avant d’appliquer le faisceau d’ions.

60. Procédé selon la revendication 59, dans lequel l’éta-
pe consistant à mettre le spécimen sous vide com-
prend faire le vide dans ladite chambre à vide avec
une pompe à prévidage (92) et puis faire en plus le
vide dans ladite chambre à vide avec une pompe
primaire (91).

61. Procédé selon la revendication 59, comprenant en
outre l’étape consistant à passer le spécimen à tra-
vers un sas de chargement (85) avant de mettre le
spécimen sous vide.

62. Procédé selon la revendication 59, dans lequel l’éta-
pe consistant à mettre le spécimen sous vide com-
prend en outre l’étape consistant à faire séparément
le vide dans le sas de chargement (85).

63. Procédé selon la revendication 57, comprenant en
outre l’étape consistant à extraire ledit spécimen de
ladite chambre suite à ladite application dudit fais-
ceau d’ions.

64. Procédé selon la revendication 46, comprenant en
outre l’étape consistant à refroidir le spécimen et la
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platine pour spécimen (140) durant l’application du
faisceau d’ions.

65. Procédé selon la revendication 46, comprenant en
outre l’étape consistant à réchauffer le spécimen
préalablement à l’extraction de la chambre à vide.

66. Procédé selon la revendication 46, comprenant en
outre l’étape consistant à surveiller la température
de ladite platine pour spécimen (140).

67. Procédé selon la revendication 46, comprenant en
outre l’étape consistant à refroidir le spécimen et la
platine pour spécimen (140) durant l’application du
faisceau d’ions et l’étape consistant à réchauffer le
spécimen et la platine pour spécimen (140) préala-
blement à l’extraction de la chambre à vide, dans
lequel ladite étape de réchauffement est déclenchée
par le contact physique de la platine pour spécimen
(140) avec le sas de chargement (85).

68. Procédé selon la revendication 46, comprenant en
outre l’étape consistant à observer le spécimen du-
rant l’application du faisceau d’ions.

69. Procédé selon la revendication 46, comprenant en
outre l’étape consistant à enregistrer des images de
ladite observation dudit spécimen.

70. Procédé selon la revendication 46, comprenant en
outre au moins l’un d’entre le fait d’observer le spé-
cimen et le fait d’enregistrer des images du spéci-
men, dans lequel au moins l’une d’entre lesdites éta-
pes d’observation et d’enregistrement utilise au
moins un module d’imagerie (65) sélectionné parmi
le groupe consistant en dispositifs microscopiques
optiques, électro-optiques ou électroniques.

71. Procédé selon la revendication 70, dans lequel au
moins l’une desdites étapes d’observation et d’en-
registrement comprend l’étape consistant à contrô-
ler ladite observation et ledit enregistrement avec un
appareil informatique (550).

72. Procédé selon la revendication 46, comprenant en
outre l’étape consistant à faire tourner le spécimen
durant l’application dudit faisceau d’ions.

73. Procédé selon la revendication 46, comprenant en
outre l’étape consistant à incliner le spécimen durant
l’application dudit faisceau d’ions entre les angles
de 0 et de 45 degrés par rapport audit faisceau
d’ions.

74. Procédé selon la revendication 46, comprenant en
outre l’étape consistant à détecter l’emplacement du
spécimen par rapport au faisceau d’ions.

75. Procédé selon la revendication 46, comprenant en
outre l’étape consistant à détecter l’orientation du
spécimen par rapport au faisceau d’ions.

76. Procédé selon la revendication 74, dans lequel l’em-
placement du spécimen est contrôlé par un appareil
informatique (550).

77. Procédé selon la revendication 46, dans lequel la
focalisation dudit faisceau d’ions est contrôlée par
un appareil informatique (550).

78. Procédé selon la revendication 77, comprenant en
outre l’étape consistant à programmer un algorithme
opérationnel qui accomplit automatiquement les
fonctions de broyage ionique du dispositif.

79. Procédé selon la revendication 78, comprenant en
outre l’étape consistant à exécuter l’algorithme opé-
rationnel.

80. Procédé selon la revendication 77, comprenant en
outre l’étape consistant à programmer un algorithme
opérationnel qui accomplit automatiquement les
fonctions de broyage, d’imagerie, de vide et de ma-
nipulation de spécimen du dispositif.

81. Procédé selon la revendication 80, comprenant en
outre l’étape consistant à exécuter un tel algorithme
opérationnel.
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