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USER INTERFACE FOR AN ELECTRON MICROSCOPE

[1000] The present application claims priority from U.S. Prov. Pat. App. No.

. 60/811,621, filed June 7, 2006, which is hereby incorporated by reference.

‘Technical Field of the Invention

[1001]  The present invention relates to a user interface for a high magnification
imaging instrument, such as a scanning electron microscope.

Background of the Invention

[1002] Ele;:tron microscopy provides significant advantages over optical
microscopy, such as higher resolution and greater depth of focus. In a scanning
electron microscope (SEM) a primary electron beam is focused to é fine spot that
scans the surface to be observed. Secondary electrons are emitted from the surface as
it is impacted by the primary beam and some electrons -from the primary beam are
backscattered. The secondary or backscattered electrons are detected and an image is
formed, with the _brightness at each point of the image being determined by thé
number of electrons detected when the beam impacts a corresponding spot on the
sﬁrfacé.

[1003]  Electrons miéroscopes are typically large, complex, and expensive
instruments that require skilled technicians' to operate them. SEM devices typically

- cost well over $100,000 and require special facilities, including dedicated electrical
wiring for power and {fenting of the vacuum pump outsid¢ of the operator area.
Further, it‘ can be difficult in a high magnification image'such as that of an SEM for a
user to determine where on the sample an image is being obtained and to understand

the relationship between that image and the rest of the sample.
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- [1004] Because of the SEM’s inherent complexity of operation, SEM 'operator_s
are typically specially trained technicians with technical degrees. The' cbst of electron
microscopes and the sophistication required to operate them have limited their use to
research and industry with the resources to obtain this technology and to provide
trained operators. With regard to the necessity of frained operators in particular, a
more user-friendly interface would ﬁllow users with little or no expertise in the

operation of SEM devices fo take more advantage of such technology.

Summary of the Invention

[1005] It is an object of the present invention is to provide an easy-to-use user

interface for operation of a scanning electron microscope (ievice.

[1006] The user interface preferably comprises a display monitor and at least one

other input device, for éxample, a touch screen and a rotary input device.

[1007] The user interface also preferably provides a user who is not familiar with

the high magn;ﬁcation images of electron microscopes at least one image reference so
| that the user readily determine Where on the sample an i_mage is being obtained and to

understand the relationship bétween that image and the rest of the sample.

[1008] Many features, objects and advantages of the present inventioﬁ will be

apparent to those of ordinary skill-in the relevant arts, especially in light of the

foregoing discussions and the following drawings', exemplary detailed description and

appended. claims.

Brief Description of the Drawings:

[1009]  FIG. 1 shows the exterior of a preferred embodiment of an electron
" microscope system comprising the user interface of the present invention;
[1010]  FIG. 2A shows, in a cutaway view, various details of the SEM assembly of

FIG. 1 with the sample holder positioned under an optical navigation camefa;
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[1011] FIG. 2B shows, in cutaway view, the SEM assembly of FIG. 2A with the
sample holder positioned under a pre-evﬁcﬁated vacuum chamber;

[1012] FIG. 2C shows, in cutaway view, the SEM assembly of FIG. 2A with the
sample holder positioned under a scanning electron microscope;

[1013] FIG. 3 shows an embodiment of a sliding vacuum seal used in the SEM
-assembly of FIGS. 2A to 2C. |

[1014]  FIG. 4 shows a screenshot of the graphical portion of the user interface
according to a preferred embodiment of the present invention, depicting three image
windows and various selectable buttons of the main screen; |
[1015]  FIG. 5 shows the screenshot of FIG. 4 with an ﬁnage taken by the optical
navigational camera shown in the smaller optical overview window and a
magnification of the image shown in the larger main viewing window Witi:l a
perimeter indicator imposed on the images;

[1016]  FIG. 6 shows the screenshot of FIG. 5 with the perimeter indicator moved
to a different area of the image;

[1017] FIG. 7 shows d screenshot with a the same low magnification electron
microscope image of the area selected oﬁ the optical window of FIG. 6 shown in the
large main image window and in the smaller ,electroh' beam over\;iew Window; ,

[10i 8] FIG.8 showé the screen shpt of FIG. 7 with the m'ainAimage screen - |
showing a higher magnification electron microscépe image area of the area indicated
by the perimeter indicator in the electron beam overview window;

[1019]  FIG.9 shows a screenshot of the archive screen of the user interface
according to a preferred embodimeﬁt of the present invention; and

[1020] FIG. 16 shows é scrf;enshot of the settings screen of the user interface

according toa preferred embodiment of the present invention.
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Detailed Description of the Preferred Embodiment:

[1‘021] Preferred embodiments of the present invention provide an easy-to-use
user interface for operation of a scanning electron microscope device. An advantage
of the present invention is to provide an opportunity for unskilled users to take
advantage of electron microscopy technology without the necessity of obtaining
specialized, cosrly, and highly technical training. This can serve to inake electron
microscope systems much more useful and accessible in areas such as academia,
including college and even high school science classes. By “user interface,”
applicants mean not only the graphical display by which users interact with the
electron microscope, but the entire system by which the user interacts with the
microscope to operate it.

[1022]  Preferred embodiments of the present invention make use of'a novel
combination of lower magnification reference images and higher magnification
images on the same screen to me,ke it easier for a user who is nor used to the high
magnification of electron microscopes to readily determine Where on the sample the
present image is taken. Additionally, other screens, such as, for example, an archive
vscreen and a settings screen allow the user to compare saved images and adjust the
settings of the system, resp‘ectively. |

v[l 023] The SEM assembly described for use with the present invention preferably
comprises a SEM device .of sufficiently small dimension that allows it to be placed
atop a classroorn table. Such a system is described in the commonly-owned, U.S.
Provisional Patent Application ‘60/ 811,621 entitled “Conipact Scanning Electron
Microscope,” filed on June 7, 2005, by Biethoff et al. (lrereinafter “Compact SEM -
Application”) and two corresponding PCT applications ﬁled_Ju'ne 7, 2007, both of

which are hereby incorporated by reference. The inventive user interface, however,
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could be implemented on any system that forrhs a high magnification image,
including charged particle beam systems such as a transmission electron microscope,
a scanning transmission electron microscope, or a focused ion beam system, and
stylus-type systems, such as a scanning tunneling microscope or an atomic force
microscope. |
[1024] As shown in FIG. 1, a preferred SEM systerri 100 includes an SEM
assembly 102, a video display monitor 104 for conveying information to-a user, a

| rotary input dévice 108 for user inputs, and a pre-vacuum pump 110. The display
monitor 104 will preferably comprise a touch screen 106, so that the user can input
information by merely touching the selectable icons on the particularly displayed
screen. The user interface can also include additional input devices, such as a mouse
or keyboard, although a simpler interface using only touch screen 106 and rotary input
device 108 is preferred.
[1025] The user interface of the present invention preferably uses controls and/or
icons or virtual buttons on the displayed screen that are familiar to large numbers of
users from other contexts so that use of the system is more generally understandable.
For instance, a sample holder 112 can be input into SEM assembly 102 and ejected by
pressing an icon on the toﬁch screen 106 with an appearance similar to butfons
typically used to eject CD and DVDs ﬁém CD and DVD piayers.
[1026] A preferred embodiment also includes an externally connected
electroﬁechanical device .sﬁch as a rotary input device 108. This typé of input device,
also referred to as an “i-drive,” is cofnmercially available, for instance; under the
trademark name POWERMATE™., The rotary input device 108 may be connected to
the SEM assembly 102 or the display monitor 104, for example, through a USB port

and used to choose features from the image on a display screen. The rotary input-
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device 108 has two input functions: rotate and enter (operated by depressing the
control). The rotary input device 108 can be used together with the touch screen 106
to control most operations of the system 100. Functions available on a display screen
can also be selected by manually touching an icon associated with a function on the
touch écreen. Once activated, the particular function can be adjusted by using the
rotary input device to rotate through the selections availéble, usually in the form of
selectable icons 19 (as shown in FIG. 4) on a display screen, and then choosing the
desired selectioﬁ through the “enter” function of rotary input device 108 or through.
the touch screen 106.
[1027]  Referring also to FIGS. 2A-2C, electron microscope assembly 102
includes a hingedly attached front cover 120, internally located optical imaging
camera 602, such as CCD navigational cémera, and a scanning electron microscope.
Samples to be examined using system 100 are loaded into a sample holder 112, which
is then inserted into electron microscope assembly 102. Preferably sample holder 112
has a sample height adjustment capability so that the sample can be properly
- positioned with respect to the working distance to the sample and so that the sample
will not extend past the top of the sample holder (to avoid d_amagé to the sample aﬁd
to the SEM assembly).
[1028] FIGS. 2A to 2’C show a sequence of éteps after a sample holder isloadéd
" into a SEM assembly suitable for use with the present invention (such as the SEM
device described in the co-pending “Compact SEM Application" referenced above).
An operator places a sample to be exMed into a sample holder 112 outside of the
electron microscope assém,bly 102, and the sample holder is then loaded into the front
of electron microscope assembly 102. In one embodiment, a user slides up a cover

120 (FIG. 1) to expose a receptacle for receiving the sample holder, and then closes
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the cover 120 once the sample holder has been loaded. Closing the cover
automatically causes the sample holder to move under optical camera 602 as showh in
FIG. 2A.

[1029] The optical camera 602, also referred to as the navigation camera, 18
preferably positioned outside of any vacuum chamber. The magnification is typically
from 10x up to 100x. The optical camera 602 can move up and down to focus on the
sample. Movement is preferably by an electric motor, or could be manually. The
camera has a field of view of about 8 mm by 8 mm. Multiple images ﬁoin the camera
can be tiled or stitched together to create an image of a larger portion of the sample.
‘The tiling or 'Stitéhjng process can be performed automatically, with the sample being
automatically moved under the camera by way of an electric motor into different
positions in a serpentine pattern with each position covering a portion of the sample.
In each position the image is captured, and all of the images are combined to produce
an optical overview of the entire sample.

[1030] Alternatively, a user can control the movement of the camera, to produce
only useful images. In manual mode, the user can move the sample under the camera
by touching navigation arrows 29 (FIG. 4) on the touch screen or by pressingv a point
on the image can re-center the imagé so that the point touched is in the center of the
field of view. Adjacent images displayed on the Iﬁonitor 104 can optionally be
adjusted to provide continuity from image to imagé caused by distortion or
positioning inaccuracies.

[1031] As shown in FIG. 2A, sample holder 112 is held in position against a rigid
sliding plate 605, A preferred embodiment uses a sliding vacuum seal between a base
plate 611 on the bottom of the electron beam column and a flexible plate 603 mounted

on the top surface of and attached to sliding plate 605. The sliding vacuum seal is
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descﬁbed in more detail below with respect to FIG. 3. When the sample holder 112 is
loaded into electron microscope assembly 102, the sample holder is raised up into
through-hole 609 in the sliding plate 605. A radial flexible seal 702 around th¢ side
of sample holder (shown in FIG. 3) forms an airtight seal between sample holder 112
and sliding plate 605. Sliding plate 605, along with flexible sheet 603, can then
maintain an airtight seal with sample holder 112 while sliding relative to the base
plate 611, for example to move the sample under an opening 608 through the base
plate and under the electron column 103 of the SEM (only the lower objective lens
portion of the column is shown in FIGS. 2A-2C) or to adjust the sample position
during viewing.

[1032]  Baseplate 611 also contains pre-evacuation holes 612 continuous with

- preferably at least two vacuum buffers 604 and 606 that comprise a volume of

approximately one liter connected to a vacuum pump. Vacuum buffers 604 and 606
are typically evacuated before the sample is inserted. In FIG. 2B, as sample holder
112 is moved toward the electron column 103 for electron imaging, the sample holder
is partly evacuated by passing the pre?evacuated vacuum buffers 604 and 606 that _

remove much of the air in the sample holder. The pressure is reduced in the sample

“holder roughly in proportion to the ratios of the volume in the sample holder and the

volume in the vacuum buffer. Because the volumes of the pre-evacuation chambers
are significantly greater than the volume of the samplé holdér, fhe pressure is greatly
;educed in the sample holdér, thereby greatly reducing the time required to pump the
sample holder down to its final pressure for forming an electron beam image.
[1033] | In FIG. 2C, when the sample holder is positioned bélow the electron
column 103 of the SEM for imaging, the walls of the removable sdmble holder form

part of the vacuum chamber walls; that is, the walls of the removable sample holder
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112 define part of the vacuum volume below the SEM. There is no volume of a
sample vacuum chamber in which a étage sits and onto which a sample is loaded as in
a typical SEM. This reduces the volume that requires evacuation, thereby greatly
reducing the time required before imaging can begin. In a preferred embodiment, the
sample holder is sufficiently evacuated by the vacuum buffers to begin imaging
immediately after the sample holder is positioned under the electron column.

[1034] FIG. 3 shows the positional relationship among the components in a
preferred embodiment of the éliding vacuum seal. A flexible seal 702 within a groove
704 around sample container 112 seals with the interior of cylindrical portion 710 of a
flanged cylinder 712 which is attached to rigid sliding plate 605 and seaied by an o-
ring 716 against rigid sliding plate 605. Flexible stainless steel plate 603 is clipped
(using clip 722) to sliding plate 605 and moves with sliding plate 605. Referring also
to FIGS. 2A to 2C, to move sample container 112 into position under the axis 740 of
the electron column 103 of the SEM, the sliding plate 605 slides along glacier

‘ llayer 610 attached to the base plate 611 of the electron beam column 102. Springs
(not Shown) can be inserted into ‘blind holes 726 in the rigid sliding plate 605 to press
the flexible sheet 603 against the glacier layer 610 to ensure a better vacuum seal
around holes in the glacief layer, such as the holes 612vthat connect thé sample
contéiner 112 with Vacuﬁm buffers 604 and 606 and the holes through which the
electron beam pésses (glacier plate through-hole 601, sliding plate through-hole 609,
and flexible plate through-hole 730). A flexible seal 720 seals flexible plate 603
relative ;co rigid sliding plate 605. Using a flexible platé between the rigid plate and
the microscope base reduces the sliding ﬁ‘ictionai force needed to slide thé rigid plate

~ and makes the sliding force more consistent. Usiﬁg glacier layer 610 on the bottom of

plate 611 reduces friction and reduces the generation of particles.
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[1035] The edges of the holes in rigid sliding plate 605 are contoured to reduce
frictions, as described in PCT Application No. PCT/US2007/010006 to Persoon et al.,
filed April 27, 2007, for “Slider Bearing for use with an Apparatus Comprising a
Vacuum Chamber,” which is hereby incorporated by reference. The curvature 1s
preferably such that the Herztian contact pressure between the moving parts will also
minimize particle generation.

[1036] In some embodiments, the system can automatically determine the height
of the sample within the sample holder 112 based upon the focus of the optical
camera and then adjust the focus- of the electron beam accordingly. The optical
camera 602 has a known focal length, so when the sample is in focus, the distance
between the sample and the camera can be determined. This distance is used to
determine the sample height for adjusting the SEM focus. The height setting of the
sample holder 112 may be autbmaticaﬂy communicated to a system controller, which
can automatically adjust the SEM. The SEM is then automatically adjusted over a
contir.luousv range for any working distance or magnification. Settings for the actual
sample position are determined by interpolating between setting for a high sample
position and aiow sample position. The focus can be “fine tuned,” either
automatically or manually, after being roughly set based on the sample mount height
within the sample holder. Another embbdiment uses two preset height adjustments in
the sample holder; one for a wide field of view and one a narrow field of Wew.
Adjustmént for the working distance of the obj ectiffe lens is made depending on

which of the two pre-set working distances are chosen.

[1037] Main Image Screen

[1038] When the sample is imaged at the high magnification of the SEM, it can be

difficult for an untrained operator to determine the location on the sample from which

-10~
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the image is being obtained and to understand the relationship between the image and
the rest of the sample. As shown in FIGS. 4-8, the preferred main image screen 13 of
the graphical portion of the user interface includes three “image windows” that remain
on the display to help the user put a magnified image in context. One window,
referred to as the active image window 14, shows the current image. Depending
upon the current operation being performed, the current image may be an image taken
when the sample is under the optical navigation camera 602, an image formed by the
SEM when the sample is under the electron column 103 of the SEM, or an image
recalled from a storage medium, as discussed below.

[1039] Another image window, referred to as the optical overview window 15,
shows an image from the optical navigational camera 602. The image is typically
obtained and stored before the sample holder is evacuated and before the sample is
moved under the SEM, although the sample could also be moved back from the
electron beam to the navigation camera if desired. As described above, the image in
the optical overview window 15 may be formed from multiple fields of view of the
optical navigational camera juxtaposed to form a single image, or the image can be
from a single field of view of the optical navigational camera.

[1040] The remaining hhage Window, referred to as the electron beam overview
window 16, shows a relatively low magniﬁcation electron beam image. The image in
the electron beam overview window 16 is preferably obtained at the lowest available |
magnification for the particular working distance. When the ‘samr)le is first iniagéd
with the electron beam, the image in the live window and the electron beam overview
Window will be the same. When the magnification of the active image is increased,
the original relatively low magnification image will remain in the electron beam

overview window to provide an additional reference for the operator. If the electron

211 -
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beam overview window is then refreshed, the SEM system will drop down to the
lowest available magnification, re-image the sample, and then return to the original
increased magnification for the active image.

[1041] The main viewing screen 13 may include a data bar 33 at the lower portion
of the main viewing window 13 that shows, for instance, the date, time, magnification
and scale of the current image. A data bar 33 may also be included on the electron
beam ovérview window 16. Navigation arrows 29 on the four sides of the active
viewing window 14 allow the user to move the image to show different parts of the
éample. A user can also touch any portion of the current image to re-center the image
on the touched position, or by “clicking and dragging” the image, should a mouse or
similar input device be employed, as will be understood by those of ordinary skill in
the art. As described above, the touch screen 106 enables a user to merely touch the
display monitor 104 to activate a desired function. In this case, a user may depress the
image being displayed in the optical overview window 15 and drag it to a desired
position and, finally, release to set the image in a desired location within the window
14. Akstylus may be used to this extent, or a user may simply use 2 finger.

[1042] Variéus selectable icons 19 (FIG. 4) positioned along the edges of the
windows, such as an switch icon 23 (FIG. 5) for acquiring an image either from the
optical navigational camera 602 or the scanning electron microscope, an eject icon 26
for loading and unloading the sample holder into the loading bay of the SEM
assembly 102, an overview icon 22 for obtaining an optical overview of the entire
sample, and various digital picture icons 34 for saving an image to removable rﬁedia.
Many of the icons shown in FIG. 4 include text that portrays the.command or feature
which the icon selectively represents. However, as shown in FIGS. 5-9, such icons |

may alternatively make use of an image or graphical representation to indicate their

-12--



WO 2007/143734 PCT/US2007/070650

respective functions, such as, for example, a camefa icon representing a “save to '
digital ﬁle”i function. VA selectable icon to load/unload the sample, for example, may
be provided by an icon similar to that used on CD players to load/unload the sample
holder into the area of the navigational camera or into the area of the SEM. Pressing
the eject icon 26 unloads the sample holder from the system, and the other selectable
jcons operate in similar fashion.
[1043] Selectable icons 19 can be used together with a rotary input device 108 or
other mechanical input device. For instance, when the user presses the magnification
-icon 27, for example, rotating the control on the rotary input device 108 will increase
or decrease the magnification. Depressing the rotary input device 108 will change the
control from coarse magnification to fine magnification control. When the control is
“fine,” an “F” (not shown) appears on the magnification icon 27 to indicate that the
fine control is operating. Toggling from coarse to fine and back can be done by
depressing the rotary input device cqntrol 108 or by touching the magnification icon
27 on the screen 13. The controls are similar for the contraét/brightness 31, focus 28,
and rotation 25 buttons. Regarding the contrast/bﬁghtness icon 31, pressing the rotary
input device 108 once associates the rotation control on the rotary input device 108
with brightness control, and pressing the rotary input device 108 a second time
associates the rotation control with contrast control. Con»trast and brightnéss can also
be controlled automatically, if the user has set those functions for automatic control
under the settmgé screen (as shown in FIG. 10) diécussed in greater detail below.
[1044] The digital picture icons 34 function to store the image displayed in the -
corresponding window. The image is typically saved to a USB memory stick that
plugs into the system. In one preferred embodiment, the system has no user

accessible memory, and all images are saved to a removable medium. In another

13-



WO 2007/143734 ‘ PCT/US2007/070650

embodiment, the system is connected to the internet, and images can be saved to a
web address or sent via e-mail. The use of removable memory makes the system
particularly useful in academic environments, in which students can use the system,
save their images, and take their images with them or send them over the internet.
[1045] The uses of these different image windows to allow an inexperienced user
to easily operate the SEM will now Be discussed with reference to FIGS.5t09. Ina
preferred embodiment, once a sample has been loaded into the SEM, the sample is
transferred automatically to the optical imaging position (as shown in FIG. 2A). The
optiéal navigational camera is then activated and, as shown in FIG. 5, an optical
image of the sample (a ball point pen tip in this example) is displayed in the optical
overview window 15. A more magnified optical image is displayed in the main
viewing window 14.

[1046] FIG. 5 shows the use of two rectangular perimeter indicators; a large
perimeter indicator 43 and a smaller perimeter indicator 44 ihside the larger indicator.
Perimeter indicator 43 is shown as a solid line, while smaller indicator 44 is shown by
a dashed line. Both indicators are superimposed over the optical image to indicate the
area of the sample to be imaged. The larger indicator 43 serves to indicate the
approximate perimeter of the entire magnified image as seen in the main viewing
window 14. The smaller indicator 44 indicates the area of the sample that will be
imaged by the electron beam. When using a ;:olor display monitor, any perimeter
indicators will preferably be of a color that éasﬂy stands out as imposed against the
image. One of ordinary skill in the art W111 readily recognize that the perimeter
indicators also serves as a referenc¢ indicato_r so that a user may more easily locate
which area of the image is in fact in the magnified main viewing window 14 by

referencing the perimeter indicator imposed over the image from the optical overview
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window 15. The perimeter indicators may be take other shapes such as, for example, a
cross or circle.

[1047]  Once the two images have been displayed, the portion of the sample to be
exanﬁned under the SEM can be moved to the center of the optical field of view. This
can be accomplished, for example, by touching a particular point in either image on
the touch screen display and allowing the point to be automatically centered or by
inputting instructions to fnove the sample, for exémple by using directional arrows 29
located either on the screen or by using a keyboard (not shown). FIG. 6 shows the
user interface screen after centering the tip of the ball point pen.

[1048]  After the part of the sample to be viewed has been centered, the sample
can be imaged using the SEM. Elec’gron imaging can be selected, for example, by

| using the “switch” icon 23 as shown in FIG. 6 to switch from optical imaging to
electron imaging. Switch button 23 can be indicated, for example, either by text or by
an icon showing a large and a smaller shape, each having a cross therein may also be
available. In this example, the smaller shape represents thé optical camera 602 and
the larger shape represents the electron microscope. When the button is pressed, the
sample moves between the optical camera position (as shown in FIG. 2A) and the
electron microscope pésition (as shown in FIG. 2B). An arrow on the button can be
used to indicate where the sample will go when the button is pressed.

[1049]  InFIG. 7, the image produced by SEM 93 is shown in bqth the main
Viewiﬂg window 14 and the electron beam overview window 16. In the example of
FiG. 7, the image is initially displayed in the lowest possible magnification. The
iinége shown in the main viewing window 14 can then be magnified as desired, for _

example by selecting magnification button 27 and then operating a magnification
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slider on the screen (not shown), turning the rotary input device 108, or directly
inputting a desired magnification.

[1050] The magnified image will then be shown in main viewing window 14 as
shown in FIG. 8. The image in the optical overview Window 15 typically remains
unchanged after the sample leaves th‘e optical camera and moves under the SEM. The
image in the electron beam overview window 16 is typically at a magnification that is
too large to show the entire sample. When the sample is moved under the SEM, the
main viewing window 14 may show a portion of the sample that is outside the image
in the electron beam overview window 16. In that case, the image in the electron
beam overview window 16 can be automatically or manually changed to show an
overview of a portion of the sample that is a superset of the portion shown in the main.
viewing window 14. For example, if the user presses a refresh icon 29 on the main
screen 14 near the electron beam ofzerview window 16, a new low magniﬁcation
electron beam image will be obtained that is centered on the same spot as the main
viewing window 14. A new image may be acquired, for example, if the image in the
main viewing window 14 has been moved so that the image in the main viewing
Wihdow 14 corresponds to époint on the sample outside the image in the electron
beam overview window 16. The low magnification image may be obtained by
increasing the beam deflection. The low magnification image may have, for example,
a 400 pm field of view, and if the sample is moved one millimeter, it would be
necessary to obtain another low magnification image.

[1051]  As described above, a perimeter indicator, such as a colored rectangle or
cross, on the optical overview window 15 shows the location of the image in the
electron beam overview window 16. Similarly, a perimeter indicator 45 on the

electron beam overview window image indicates the position and preferably the
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relative size of the image in the main viewing window 14 on the electron beam
overview window ﬁnage. For example, as the magnification of the main viewing
window 14 is increased, the perimeter indicator on the electron beam overview
window 16 will get smaller to correspond to the smaller area that is shown in the
higher magnification image in the main viewing window 14.

[1052] With the perimeter indicators as described above, a user can readily
determine at high magnification where on the sample he or she is viewing in the main
viewing window 14, thereby providing a context to even a user that is not familiar
with high magnification images.

[1053] In addition to the main image screen, the preferred embodinﬁent of a user
interface shown in FIGS. 4-9 also includes tabs 12 enabling a user to access the other
two screens: the archive screen 17 and the settings screen 18 (or to return to the main

image screen from either of the two additional screens.

[1054] Archive Screen

[1055] As shovsﬁ:t in FIG. 9, the archive screen 17 lets the user browse and operate
on images stored on the removable memory media. The archive screen 17 is similar to
the main scfeen 13 and includes an active image window 136 and a thum‘bnail gallery
131 of saved images for comparing and manipulation. A data bar 33 may be included -
on the archive screen 17, in simila:r‘fashion ﬁs used in the main screen 13. The
controls, or selectable icons 19, are similar to those of a digital camera memory and
include icons for accessing a help file 35, ejecting a sample 26, deletihg an image 36,
holding an image to compare a selected image with other images 37, zooming 134,
and browsing 133 through the iinage gallery. A scroll bar 132 is also included for
scrolling through the thumbnail gallery 131. The user can‘perform other image

~ manipulation that would be available on a digital camera or photo editing software.
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[1056] Settings Screen

[1057]  As shown in FIG. 10, the settings screen 18 provides certain user settable
functions. For example, the user can select which detéctor configuration to be used to
form the electron beam images. A “fast” scan setting allows fast image refresh times,
but provides images of lower resolution. A “quality” scan setting allows slower image
refresh times and high quality resolution. Through the settings screen, a user can
select viewing a live image in “fast” mode while saving the image in “quality” mode,
and delete and format the USB memory stick, or other removable storage medium.
Date and time can be set and labels created for images. A user can select which
format to save the image file, whether it is a TIFF, JPEG or BMP format. The usér
can also set whether to automatically adjust brightness and contrast, and how often to
make the adjustments. For example, brightness and contrast might be adjusted
whenever the image is moved, or periodically. The stigmation is adjusted once in the
user settings, and then is typically stable, not reqﬁiring additional adjustment. At least
one user profile selection can be selected to store the settings of particular users for
faster processing and operation times.

[1058] To maintain a simple user interface, the beam energy and current is -
typically preset at the factory and not adjustable by the user. During assembly,
standard set up functions are performed, such as mechanically aligning to center the
‘Wehnelt cap and filament over the anode.

[1059] Ina preferred embodiment, more advanced options for confrolling and
optimizing the SEM system are available but protected by a password to prevent
access by less experienced operators. For example, source tilt can be adjusted to
optimize eleétron beam illumination intensity; a stigmate control allows adjﬁstrnent of

the sharpness of the electron image contours; and stage position and rotation can be
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calibrated stage to insure that the part of the sample being viewed is the same in both

opticai and electron imaging mode.
[1060] A preferred embodiment of the present invention comprises an electron
microscope system including:

— asample holder for holding a sample;

— an optical camera for recording an optical image at a first
magnification of a ﬁlfst region of the sample, the sample positioned in
the sample holder outside of a vacuum region while the optical image
is recorded; |

— an electron microscope for forming an electrqn image at a second |
magnification of a second region of the sample while the sample is
positioned in the sample holder, the second magnification being greater
than the first magnification and the second region being a subset of the
first region; and

- >a display displaying (preferably simultaneously) the position of the
electron image and the second region being indicated on the optical
image of the first region so that a user can determine the position on
the sample of the electron image.

[1061] Another preferred embodirrient of the present invention further displays an
electron overview image of a third region, the electron overview image having a
magnification less that the second magniﬁcaﬁon and greater than the first
magnification, the third region being a subset of the first region, and a superset of the
second region, the second region being indicated on the display of the thlrd region.
[1062] Still another preferred embodiment of the present invention provides a

method of operating an electron microscope, comprising:
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rhoving a sample in a sample holder into the filed of view of an optical
camera,

obtaining and storing an optical image of a portion of a sample outside
of a vacuum;

moving the sample into an electron microscope;

obtaining an electron image of the sample, the electron image having a
magnification greater than that of the optical image;

displaying the electron image of the sample and the stored optical
image oﬁ a display screen, the display of the stored optical image
including an indicator showing the position on the stored optical image
of the position of the electron image of the sample;

changing the field of view of the electron image to obtain a different
image of the sample; and

automatically adjusting the indicator on the optical image to reflect the
new field of view of the electron image, there by displaying to .a user

the position of the electron image on the sample.

[1063] The invention described above has broad applicability and can provide

many benefits as described and shown in the examples above. The embodiments will

vary greatly depending upon the specific application, and not every embodiment will

provide all of the benefits and meet all of the objectives that are achievable by the

invention. For example, although much of the previous description is directed at the

use of a user interface with a table-top SEM, the invention could be applied to any

suitable electron microscope or other high magnification imaging device.

[1064] A preferred method or apparatus of the present invention has many novel

aspects, and because the invention can be embodied in different methods or
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apparatuses for different purposes, not every aspect need be present in every
embodiment. Moreover, many of the aspects of the described embodiments may be
separately patentable.

[1065]  Although the present invention and its advantages have been described in
detail, it should be understood that various changes, substitutions and alterations can
be made to the embodiments described hérein without departing from the spirit and
scope of the invention as defined by the appended claims. Moreover, the scope of the
present application is not intended to be limited to the particular embodiments of the
process, machine, manufacture, composition of matter, means, methods and steps
described in the speciﬁcation. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or steps, presently existing or
later to be developed that perform substantially the same function or achieve
substantially the same result as the corresponding embodiments described herein may
be utilized according to the present invention. ;‘;ccordingly, the appended claims are
intended to include within their scope such processes, machines, manufacture,
compositions of matter, means, methods, or steps.

[1066]  We claim as follows:

-21-



WO 2007/143734 PCT/US2007/070650

CLAIMS

1. An electron microscope system, comprising:

a sample holder for holding a sample;

an optical camera for recording an optical image at a first magnification of a
first region of the samplve, the sample positioned in the sample holder outside of a
vacuum region while the optical image is recorded;

an electron microscope for forming an electron image at a second
magnification of a second region of the sample while the sample is positioned in the
sample holder, the second magnification being greater than the first magnification and |
the second region being a subset of the first region;

a display displaying the position of the electron image and the second region
being indicated on the optical image of the first region so that a user can determine the
position on the sample of the electron image.

2. The electron microscope system of claim 1 in which the display further
displays an electron overview image of a third region, the electron overview image
having a magnification less that the sécond magnification and greater than the first
magnification, the third region‘being a subset of the first region, and a superset of the
second region, the second region being indicated on the display of the third region.

3. The electron microscope of claim 2 in which the optical image
includes an indicator of the position of the electron overview image and the electron
overview image includes an indicatioﬁ of the position of the electron image.

4. The electron microscope syétem of claim 2 in which the display
comprises a touch screen. display and in which touching a position of the electron

overview image centers the electron image on the position touched.
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5. The electron microscope system of claim 2 in which the electron
microscope is programmed to obtain a new electron overview image is obtained in
response to a user request, the new electron over view image being centered on the
area being imaged at the time of the request.

6. The electron microscope system of claim 1 in which the position of the
electron image and the second region are displayed simultaneously.

7. The electron microscope system of claim 1 in which the display
comprises a touch screen display and in which touching a position of the electron
image centers the electron image on the ppsitiori touched.

8. The electron microscope‘ system of claim 1 in which the first region
comprises a juxtaposition of multiple optical images.

9. - The electron microscope system of claim 1 further comprising a
removable memory media for storing images.

10.  The electron microscope system of claim 9 in Which the removable
memory media for storing images comprises a USB ﬂash drive, a CD or a DVD.

11.  The electron microscope system of claim 9 in which the electron
microscope has not non-removable memory for storing user-obtained images.

12.  The electron microscope system of claim 1 in which user input
includes a touch screen and a rotary input device.

13.  The electron microscope system of claim 1 in which the display an
image retrieved from a removable memory media. |

14.  The electron microscope system of claim 1 further comprising a
vacuum region to remove air from arouqd-the sample before the sample is positioned

under the objective lens for hﬁaging.
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15.  The electron microscope system of claim 1 in which the electron beam
ehergy is not adjustable by the user.

16.  The electron microscope system of claim 1 in which the electron
microscope is automatically focused to a focal plane determined by the focal
adjustment of the optical camera to focus on thg sample.

17. A method of operating an electron microscope, comprising:

moving a sample in a sample holder into the filed of view of an optical
camera;

obtaining and storing an optical image of a portion of a sample outside of a
vacuum; |

moving the sample into an electron microscope;

obtaining an electron image of the sample, the electron image having a
magnification greater than that of the optical image;

displayirig the electron image of the sample and the stored optical image on a
display screen, the display of the stored optical image including an indicator showing
the position on the stored optical image of fhe position of the electron image of the
sample; |

changing the field of view of the electron image to obtain a different image of
the sample; and |

automaticallsr adjusting the indicator on the optical image to reflect the new
field of view of the electron image, there by displaying to a user the position of the

electron image on the sample.

18.  The method of claim 17 further comprising displaying an electron

overview image of the sample, the electron overview image being formed by the
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electron microscope and having a magnification greater than that of the optical image
and less than that of the electron image.

19.  The method of claim 17 in which changing the field of view of the
electron microscope includes changing the magnification.

20.  The method of claim 17 in which obtaining and storing an optical
image of a portion of a sample includes obtaining multiple images of adjacent regions
of the sample and juxtaposing the multiple images to provide an image of aregion of '
the sample larger than the field of view of the optical camera.

21. The method of claim 17 in which obtaining an electron image of the
sémple includes moving the sample into contact Wiﬂl a vacuum region to remove air
from around the sample before the sample is positioned under the objective lens for
imaging.

22.  The method of claim 21 in which obtaining an electron image of the
sample occurs within thirty seconds of moving the sample from an atmosphere
environment into the electron microscope.

23.  The method of claim 17 further comprising automatically focusing the

electron microscope to a focal plane determined by‘the focal adjustment of the optical

camera to focus on the sample.
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