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INTEGRATED ELECTRON
OPTICAL/DIFFERENTIAL PUMPING/IMAGING
SIGNAL DETECTION SYSTEM FOR AN
ENVIRONMENTAL SCANNING ELECTRON
MICROSCOPE

BACKGROUND OF THE INVENTION

This application is a continuation-in-part of U.S. pa-
tent application Ser. No. 052,700 entitled Secondary
Electron Detector for Use in a Gaseous Atmosphere,
filed May 21, 1987.

This invention relates to the field of environmental
scanning electron microscopes (ESEM), and more par-
ticularly, to an integrated electron optical/differential
pumping/imaging signal detection system for an envi-
ronmental scanning electron microscope.

As background, the advantages of the ESEM over
the standard scanning electron microscope (SEM) lie in
its ability to produce high-resolution electron images of
moist or nonconductive specimens (e.g., biological ma-
terials, plastics, ceramics, fibers) which are extremely
difficult to image in the usual vacuum environment of
the SEM. The ESEM allows the specimen to be main-
tained in its “natural” state, without subjecting it to the
distortions caused by drying, freezing, or vacuum coat-
ing normally required for high-vacuum electron beam
observation. Also, the relatively high gas pressure easily
tolerated in the ESEM specimen chamber acts effec-
tively to dissipate the surface charge that would nor-
mally build up on a nonconductive specimen, blocking
high quality image acquisition. The ESEM also permits
direct, real-time observation of liquid transport, chemi-
cal reaction, solution, hydration, crystallization, and
other processes occurring at relatively high vapor pres-
sures, far above those that can be permitted in the nor-
mal SEM specimen chamber.

This technological advance in imaging capability
opens a previously hidden world of microscopic phe-
nomena to investigators in a wide spectrum of disci-
plines, including, but not limited to, medicine, biology,
food and drug technology, geology, composite materi-
als, textiles, semiconductors and forensics, in short, any
field involving specimens which are difficult to image
with the standard SEM. Previously thought impractical
(if not impossible), the electron beam observation of
unprepared, full-sized specimens at high vapor pres-
sures is made possible by this invention, which com-
bines pressure control and signal detection means,
housed entirely within the magnetic objective lens of
the ESEM electron beam column. This electromechani-
cal design satisfies the simultaneous requirements for
pressure control, electron beam focusing, and signal
ampilification, while placing no practical limitations on
specimen handling or microscopic resolving power.

OBJECTS OF THE INVENTION

It is a general object of this invention to provide an
improved environmental scanning electron microscope.

It is also an object of the invention to provide an
improved environmental scanning electron microscope
which permits direct, real-time observation of liquid
transfer, chemical reactions, solutions, hydration, crys-
tallization, and other processes occurring at relatively
high vapor pressures.

It a further object of the invention to provide an
improved environmental scanning electron microscope
wherein the pressure control and signal detection means
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are housed entirely within the magnetic objective lens
of the ESEM electron beam column.

It is a further object of the invention to provide an
improved environmental scanning electron microscope
which increases signal collection efficiency and perfor-
mance and reduces the working distance thereby pro-
viding better resolution of the specimen.

It is another object of this invention to provide an
environmental scanning electron microscope which
satisfies the simultaneous requirements for pressure
control, electron beam focusing, and signal amplifica-
tion while placing no practical limitations on specimen
handling or microscope resolving power.

It is still a further object of this invention to provide
an environmental scanning electron microscope
wherein the pressure control and signal detection means
are combined and entirely housed within the magnetic
objective lens of the ESEM electron beam column.

It is yet another object of the invention to provide an
environmental scanning electron microscope wherein
the detector is formed integrally with a pressure-limit-
ing aperture contained within the objective lens assem-
bly, thereby allowing use of high pressures around the
specimen.

It is a still further object of the invention to provide
an improved environmental scanning electron micro-
scope wherein the electron detector is formed integrally
with a pressure-limiting aperture and, as such, the plate
detectors do not compete for space with the back-scat-
ter detectors.

It is still a further object of the invention to provide
an improved environmental scanning electron micro-
scope wherein a single-stage electron detector is formed
integrally with a pressure-limiting aperture, the detec-
tor having the ability to image with either the back
scatter or environmental secondary detector without
changing the mechanical configuration of the machine.

Other objects and advantages of the invention will
become apparent from the detailed description and
from the appended drawings in which like numbers
have been used to designate like parts in the several
views.

SUMMARY OF THE INVENTION

This invention relates generally to an improved envi-
ronmental scanning electron microscope, and more
particularly to an integrated electron optical/differen-
tial pumping/imaging signal detection system for an
environmental scanning electron microscope.

In a preferred embodiment, the electron microscope
includes an electron gun for generating and directing an
electron beam toward a specimen to be examined. The
vacuum system of the electron microscope includes two
major components: namely, an electron optical column
and a specimen chamber. The electron optical column
includes an objective lens assembly. The objective lens
assembly includes a means for focusing a beam of elec-
trons and means for scanning the surface of a specimen
with the focused beam of electrons which is capable of
scanning an electron beam emitted by the electron gun
across the diameter of the final pressure-limiting aper-
ture. The specimen chamber is disposed below the elec-
tron optical column and is capable of maintaining a
sample enveloped in gas in registration with the final
pressure-limiting aperture such that a surface of the
specimen may be exposed to the focused beam of elec-
trons.
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The pressure control of this ESEM is integrated into
the objective lens assembly. The column vacuum liner
tube terminates at its lower end in the first of two “inter-
mediate” vacuum chambers or interior passages, de-
fined by two nonmagnetic diaphragms and a final mag-
netic lens pole piece. The vacuum chambers are both
entirely contained within and sealed against the objec-
tive lens magnetic housing, which has been specially
perforated with a plurality of radially aligned ports
connecting each chamber to its external pumping sys-
tem. The electron beam, passing down the center of the
optical column tube, traverses the two vacuum cham-
bers before striking the specimen surface, which is im-
mersed in the specimen chamber environment. The
beam passes through two pressure-limiting apertures,
both held in alignment within a removable aperture
carrier. In contrast to a normal SEM specimen cham-
ber, which must be maintained at a vacuum pressure of
0.0001 Torr or lower, this ESEM is capable of support-
ing specimen chamber pressures of over 20 Torr (the
saturated partial pressure of water vapor at room tem-
perature) with no significant degradation of vacuum
levels in the upper column region.

In addition, the secondary electron imaging detector
is formed integrally with the aperture carrier. The en-
tire assembly of the integral aperture carrier and elec-
tron detector is threaded into a nonmagnetic bushing,
attached to the magnetic objective lens pole piece.
When fully turned in, the aperture carrier seals both
against the pole piece and the lower diaphragm of the
differential pumping system, and both pressure-limiting
apertures are simultaneously installed in their proper
locations. The upper pressure-limiting aperture of the
aperture carrier receives the primary beam from the
upper vacuum chamber, while the integral lower aper-
ture and detector plate faces the specimen under study.
The main body of the aperture carrier is relieved with
several openings so that the region between the aper-
tures is well exposed to the pressure level of the lower
intermediate vacuum chambers. While the upper aper-
ture may be machined directly into the aperture carrier,
the lower aperture must be mounted in an insulating
bushing to isolate the detector electrically from the
grounded lens pole piece.

The secondary electrons issuing from the specimen
are accelerated toward the detection plate surface by
the electric field resulting from the bias voltage applied
to the detector, typically several hundred volts positive.
The specimen surface is effectively kept at zero volts
electrical (ground) potential by the action of mobile
charge carriers in the gas. Collisions between the accel-
erated electrons and gas molecules release additional
free electrons which are themselves accelerated toward
the detection plate. Under properly controlled condi-
tions of gas pressure and field gradient, the gas-multi-
plied electron current arriving at the detector plate can
be shown to be a linearly amplified function of the sec-
ondary signal itself, and used to derive the video signal
required for viewing and recording the electron image.
The current collected at the detection plate is received
by a current amplifier floating at the detector bias volt-
age and is coupled at full bandwidth to a grounded
video circuit.

The dual aperture carrier and secondary electron
imaging detector assembly includes a main body, an
insulator, and an annular biased-plate detector. The
main body includes an upper or first pressure-limiting
aperture and a cavity or conduit formed at the end
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opposite to the upper pressure-limiting aperture. The
upper pressure-limiting aperture of the main body re-
ceives the electron beam from the optical column liner
tube. The lower or second pressure limiting aperture of
the aperture carrier is formed integrally with the plate
detector. With these two apertures (i.e., the first pres-
sure-limiting aperture and the second pressure-limiting
aperture), the objective lens assembly separates the high
pressure of the specimen chamber from the vacuum of
the optical column liner. Since the electrode coincides
with the second pressure-limiting aperture and faces the
specimen, the secondary electrons emitted from the
specimen may impinge upon it. Such a design allows the
current backscatter collectors to operate unhampered,
while making use of normal secondary electron emis-
sion patterns and any funneling effects thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description, given by way of
example but not intended to limit the invention solely to
the specific embodiment described, may best be under-
stood in conjunction with the accompanying drawings
in which:

FIG. 1is a front perspective view of a prior art scan-
ning electron microscope to which this invention may
be adapted.

FIG. 2 is a front elevational view of a preferred em-
bodiment of the objective lens assembly used in con-
junction with this environmental scanning electron
microscope.

FIG. 3 is a front exploded enlarged view of a pre-
ferred embodiment of the dual aperture carrier and
secondary electron imaging detector assembly.

FIG. 4 is a vertical cross-sectional view taken along
line 3—3 of FIG. 2.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to FIG. 1, a “standard” scanning elec-
tron microscope (“SEM”) is illustrated wherein a beam
of electrons is emitted through an electron optical col-
umn 1 by an electron gun 2. The electron beam passes
through magnetic lenses 3 and 4 which are used to focus
the beam. The beam is subsequently directed into a
specimen chamber 8 wherein it impinges upon a speci-
men 9 supported upon a specimen stage 5.

A novel objective lens assembly of this invention for
an environmental scanning electron microscope
(“ESEM”) which allows the examination of a specimen
in a gaseous environment is shown in FIG. 2. The elec-
tron beam emitted by the electron gur passes through
the substantially cylindrical objective lens magnetic
housing 14 of the ESEM. Housing 14 is preferably made
of iron. The electron beam, referred to as “the primary
beam”, is generally designated by reference numberal
19. It has a tendency to diverge after acceleration; and
a lens copper winding 20 disposed within objective lens
magnetic housing 14 is used to focus beam 19. The coil
surrounds the axially disposed vacuum liner tube 22
which is contained within the objective lens housing 14.
An upper and lower scanning coil, 21 and 23, respec-
tively, are radially positioned adjacent to the column
liner 22. These scanning coils scan the beam along the
length of the column liner 22. A stigmator coil 25 is
radially positioned adjacent to the column liner above
the upper scanning coil 21. The stigmator coil corrects.
the beam’s shape. The column liner 22 has a column
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liner discharge opening 24 through which the electron
beam is scanned and focused.

The use of small apertures to partition a vacuum
system into discrete zones of increasing static pressure
while maintaining an unobstructed beam path between
them is well known. Usually termed differential pump-
ing, this technique is widely used and is found to some
degree in nearly every electron microscope. As is
shown in FIG. 2, the objective lens assembly for an
ESEM is unique and original in the electron micros-
copy field in both the implementation of its pressure
control system and the pressure levels maintained in the
differential pumping zones.

First, as seen in FIG. 2, the beam of electrons passes
from the high vacuum of the vacuum column liner 22
into a differentially pumped aperture system 28 which is
in communication with the vacuum column liner 22.
Differentially pumped aperture system 28 passes
through a series of interior passages or “intermediate”
vacuum chambers. The beam of electrons passes from a
zone of low pressure 30 to a zone of higher pressure 32.

In order to create and separate the zones of different
pressure at least two generally annular diaphragms of
nonmagnetic material and a magnetic final lens pole
piece or diaphragm are attached to the housing at differ-
ent axial locations and extend inwardly of said housing.
These include the nonmagnetic first and second gener-
ally annular diaphragms 34 and 36, respectively, and a
final annular magnetic lens pole piece 38. Each of the
diaphragms has a central opening 392, 395, and 39c,
respectively, through which the beam of electrons
passes. The zone of low pressure or first “intermediate”
vacuum chamber 30 is positioned between the first and
second generally annular diaphragms 34 and 36. The
zone of higher pressure or second “intermediate” vac-
uum chamber 32 is positioned between the second gen-
erally annular diaphragm 36 and the final pole piece 38.

The objective lens assembly also includes means to
releasably secure the diaphragms within the housing
and seal the zones of pressure. The first or upper non-
magnetic diaphragm 34 is attached and sealed to an
upper portion 41a of an upper annular support member
or ring 42 formed of magnetic material which abuts an
annular magnetic collar 40 positioned inwardly of the
housing 14 at one end thereof by fasteners 43. The
upper nonmagnetic diaphragm 34 extends inwardly of
the upper ring 42. Similarly, the second or lower gener-
ally annular nonmagnetic diaphragm 36 is attached and
sealed to a lower portion 415 of the upper ring 42 by
fasteners 44. The second annular diaphragm 36 also
extends inwardly of the upper annular ring 42. The final
magnetic pole piece 38 is attached and sealed to a lower
_ annular ring 47 formed of a magnetic material abutting
the first ring 42 by fasteners 49. In order to seal the
zones of pressure from one another, a-plurality of O-
rings, such as 44g, b, ¢, d, ¢ £ g and k are provided.
Thus, with this configuration, the vacuum chambers 30
and 32 are both entirely contained within and sealed
against the objective lens magnetic housing 14. How-
ever, since the diaphragms are releasably secured
within the housing, they may be removed and cleaned
easily and efficiently.

The first and second annular diaphragms are prefera-
bly made of aluminum and the portion of the vacuum
column liner tube adjacent to the liner tube opening 24
is centered and supported within the objective lens
housing 14 by an annular central bushing 48 of upper
diaphragm 34 which receives the vacuum liner tube 22.
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An O-ring 48q is provided in the central bushing 48 to
further center and support the column liner tube 22
within the housing 14.

By limiting the number of gas molecules within the
differentiailly pumped aperture system 28 and control-
ling the gas flow between adjacent zones of pressure,
the beam of electrons is permitted to pass through the
differentially pumped aperture system without being
significantly distorted by collisions with gas molecules.
A desired level of vacuum is maintained within the
housing by means of vacuum pumps (not shown). In
order to connect each vacuum chamber or interior
passage to its external pumping system, the objective
lens magnetic housing 14 has been specially perforated
with a number of ports 45 and 46 axially distanced from
one another. In order to communicate with the zone of
low pressure 30, a plurality of circumferentially dis-
posed radial ports 45 is provided within the upper annu-
lar ring 42. Likewise, in order to maintain the pressure

-within the zone of higher pressure 32, the lower annular

ring 47 contains a plurality of circumferentially dis-
posed radial ports 46 which communicate with a corre-
sponding external pumping system.

In order that the magnetic iron housing 14 may ex-
tend adjacent to the vacuum column liner tube 22 to
properly focus the beam, first diaphragm 34 includes an
angularly disposed section 51¢ which abuts a circumfer-
entially angled section 55 of the iron housing 14. This
angled section 55 terminates substantially in alignment
with the optical liner opening 24. In order to conform
the second annular diaphragm 36 and final pole piece 38
to this cylindrical angular section 51a of the first dia-
phragm 34, the second diaphragm 36 includes an angled
portion 515 and the final pole piece includes an angled
section 5lc. As is shown in FIG. 2, the differential
pumping system (i.e., the diaphragms, final pole piece,
annular rings, and pumping ports) are symmetrical with
respect to the central opening of diaphragms of the

" objective lens housing.
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The electron beam 19 passing down the center of the
optical column liner traverses the two vacuum cham-
bers 30 and 32 before striking specimen surface 50,
which is immersed in the specimen chamber environ-
ment 51. The beam passes through two pressure-limit-
ing apertures 52 and 53, both held in alignment within a
removable dual aperture carrier and secondary electron
detector assembly 54. These two apertures are formed
at opposite ends of the aperture carrier 54 and separate
the high pressure of the specimen chamber 50 from the
vacuum of the column liner 22.

The aperture carrier is located within the central
opening of the second diaphragm and final pole piece to
permit passage of the electron beam from the vacuum
liner tube 22 into the interior passages 30 and 32 and
then into the specimen chamber 50 of the ESEM and to
limit passage of gas molecules from the specimen cham-
ber into the interior passages. More specifically, the
electron beam exits the vacuum liner 22 through the
column liner opening 24 located within the central
opening 39a of the first diaphragm 34 which is sized to
permit passage of an electron beam from the vacuum
liner tube into the zone of low pressure or upper interior
passage 30. The upper aperture 52 of the aperture car-
rier 54 is located within central opening 395 of the sec-
ond annular diaphragm 36 and is sized to permit passage
of the electron beam into the lower interior passage or
zone of higher pressure 32 and to limit passage of the
gas from the lower interior passage to the upper interior
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passage 30. The lower aperture 53 of the aperture car-
rier 54 is located substantially in alignment with the
central opening 25c¢ of the final pole piece 38 and per-
mits passage of the electron beam into the specimen
chamber 50 of the ESEM and limits the passage of gas
from the specimen chamber into the lower interior pas-
sage 32.

As is more specifically shown in FIGS. 3 and 4, the
dual aperture carrier and secondary electron detection
system 54 includes a main body portion 56, an insulator
60 and an annular biased-plate detector 62. The main
body includes the first or upper pressure limiting aper-
ture 52 at end 63 and a cavity 64 formed at the upper
end below aperture 52. The main body 56 is preferably
made of nonmagnetic stainless steel and has a staggered
outer surface with multiple recesses. The main body
also includes a plurality of orifices 61 which communi-
cate with the zone of higher pressure 32 and is con-
nected to the cavity 64 such that the cavity 64 is main-
tained approximately at the pressure of the zone of
higher pressure 32.

The insulator 60 is formed as a hollow cylinder and
has inlet and exit ports 67 and 68, respectively. Insulator
60 is insertably retained within opening 65 of the main
body. Insulator 60 is preferably made of delrin, nylon,
quartz, or a ceramic. The annular biased plate detector
62 is concentric with the electron beam’s axis and in-
cludes a base portion 69 and a stem portion 70. The stem
portion 70 is received and retained within exit port 68 of
insulator 60 and base portion 69 has an opening which
defines the lower aperture 53 of the aperture carrier 54.
The detector plate is preferably made of stainless steel
and the base portion is preferably approximately 0.150
inches in diameter. As a result of this construction, the
detector plate and aperture carrier are formed inte-
grally.

As a result of the design of the preferred embodiment,
the aperture carrier 54 may be removeably supported
within the central openings 395 and 39¢ such that the
apertures 52 and 53 are aligned with the electron beam
exiting the optical column liner opening 24. In order to
support the aperture carrier within the central opening
39b of the annular diaphragm 36, the generally annular
diaphragm 36 has end 71 and 72 which cooperatively
support the end 63 of main body 56. Similarly, the base
portions 73 and 74 of annular diaphragm 36 are sup-
. ported on recesses 75 of main body 56. In this manner,
aperture 52 is aligned with column liner discharge open-
ing 24 of vacuum column liner 22.

In addition, the entire assembly 54 is threaded into a
nonmagnetic bushing 76 (see FIG. 3) preferably made
of bronze permanently attached to the objective lens
pole piece 38. When fuily turned in, the aperture carrier
seals both against the pole piece 38 and diaphragm 36 of
the differential pumping system, and both pressure-
limiting apertures 52 and 53 are simultaneously installed
in their proper locations. Upper aperture 52 receives the
primary beam from the upper vacuum chamber 30,
while lower aperture 53 and detector plate 62 face the
specimen under study. The main body of the aperture
carrier is relieved with several openings 61 so that the
region between the apertures is well exposed to the
pressure level of the zone of higher pressure 32. While
the upper aperture 52 may be machined directly into the
aperture carrier, the outlet aperture must be mounted in
the insulating bushing 60 to isolate the biased detector
from the grounded lens pole piece.

20

25

30

45

50

55

60

65

8

After the electron beam exits the column liner open-
ing 24, the electron beam travels through zone of low
pressure 30 and zone of higher pressure 32. The elec-
tron beam travels through zone of low pressure 30 be-
tween the column opening 24 and the upper aperture 52
of main body 56 of the aperture carrier 54. The electron
beam further travels through zone of higher pressure 32
in the cavity of the main body between apertures 52 and
53 of the aperture carrier 54. As such, the apertures 52
and 53 of the aperture carrier separate the high pressure
of the specimen chamber from the vacuum of the vac-
uum column liner 22.

To obtain better imaging resolution, the detector
plate performs as an electrode, permitting secondary
electrons emitted from the surface of the sample on
specimen stage 50a may impinge upon it. In this config-
uration, detector plate 62 is formed integrally with aper-
ture 53, thereby maximizing signal collection efficiency
and allowing the sample to be positioned at a range of
distances (working distances) below the final pressure-
limiting aperture. For best resolution, however, it has
been found that the specimen should be placed approxi-
mately 4 to 10 mm away from final pressure-limiting
aperture 53.

The secondary electrons 78 issuing from the speci-
men 77 are accelerated toward the detection plate sur-
face by the electric field resulting from the biased volt-
age, typically several hundred volts positive. The speci-
men surface is effectively kept at zero volts (ground)
potential by the action of mobile charge carriers in the
gas. Collisions between the accelerated electrons and
gas molecules release additional free electrons, which
are themselves accelerated toward the detection plate.
Under properly controlied conditions of gas pressure
and field gradient, the gas-multiplied electron current
arriving at the detector plate can be shown to be a
linearly amplified function of the secondary signal itself,
and used to derive the video signal required for viewing
and recording the electron image. The current collected
at the detection plate is received by current amplifier 80
floating at the detector biased voltage 79 and must be
coupled at full bandwidth to grounded video circuits
82, The video circuits 82 are connected to a display
device 83.

Apertures 52 and 53 are made large enough to pass
the electron beam, but as small as practical to limit
leakage of gas into one chamber from the next one
below at higher pressure. In the preferred embodiment,
the upper aperture 52 is preferably from 50 to 1000
microns in diameter and the final aperture 53 is prefera-
bly from 50 to 1000 microns in diameter.

Each vacuum chamber 30 and 32 is evacuated sepa-
rately by its own external pumping system capable of
handling the gas load of the aperture leak while main-
taining the desired pressure. All portions of the differen-
tial pumping system located within the lens housing 14
are made of nonmagnetic materials and thus do not
affect the formation of the critical magnetic focusing
fields.

In contrast to a normal SEM specimen chamber,
which must be maintained at a vacuum pressure of
0.0001 Torr or lower, the ESEM of the invention is
capable of supporting specimen chamber pressures of
over 20 Torr (the saturated partial pressure of water
vapor at room temperature) with no significant degra-
dation of vacuum levels in the upper column region.
With the addition of a third pressure-limiting aperture
(other than apertures 52 and 53) and a third differential
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pumping stage, the specimen chamber could be held at
atmospheric pressure (760 Torr) or even higher.

One important advantage of this configuration is that
the integrated differential pumping system: causes no
loss of electron optical performance due to lengthened
working distance (lens-to-specimen distance), as is en-
countered in below-the-lens pressure control systems.
Further, the extremely short working distance made
possible by the integration of the imaging detector with
the final pressure-limiting aperture 53 assures minimum
scattering of the primary beam as it passes through the
high pressure specimen chamber region prior to impact-
ing the specimen.

The existence of a secondary electron imaging detec-
tor capable of operation at high chamber pressures is
important to the use of any electron microscope. Al-
though there has always been a certain amount of de-
bate on the subject, the secondary electron flux resuit-
ing from the scanning-beam-specimen interaction is
used today to create the vast majority of all SEM im-
ages and is widely held to be the carrier of high resolu-
tion information. Because of the gaseous atmosphere in
the specimen chamber of the ESEM, the traditional
Everhart-Thornley imaging detector of the high vac-
uum SEM cannot be used since the bias voltage of sev-
eral kilovolts required on the surface of its scintillator
would cause electrical breakdown in the gas. However,
because of extremely low (picoampere) beam current
and signal levels involved in electron microscopy,
noise-amplification of the imaging signal similar to that
obtainable in the Everhart-Thornley detector’s scintilla-
tor photomultiplier is strongly desirable from an engi-
neering standpoint.

The image formed with the said integrated aperture-
detector device corresponds to the secondary electron
signal (SE) only by choosing the correct values of the
following parameters: aperture bias, gas pressure and
specimen-aperture distance for a given gas or mixture of
gases. It has been shown that by choosing a different set
of these parameters, it is possible to produce images
corresponding to the ‘backscattered electron signal
(BSE). Further, by varying the value of these parame-
ters, it is possible to produce images corresponding to a
mixture of BSE and SE signals. Because of its multi-
function operation, this system has been referred to as a
gaseous detector device (GDD) in the ESEM.

It has long been known that under certain conditions
of gas pressure and applied electric field, an electron
current in the gas can be proportionately increased
through successive ionizing impacts with gas molecules,
producing a cascade of additional free electrons. The
annular biased-plate detector concentric with the beam
axis of this invention has been found to offer the highest
and most easily controlled gain multiplication of the
secondary electron signal. The unification of the detec-
tor plate with the final pressure-limiting aperture of the
differential pumping system minimizes the size of the
detector plate and avoids interference with the bulky
back scatter detectors. This is clearly due to its favor-
able collection geometry and efficient operation at very
short working distances. The images produced by the
ESEM of the invention are quite similar in quality to
those obtained using a typical side mounted. Everhart-
Thornley detector, with the added advantage that the
ideally symmetric coaxial location of the biased plate
with respect to the beam produces “shadowless” sec-
ondary electron images, an important consideration in
some applications. This, coupled with the total dissipa-
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tion of surface charging (by virtue of mobile ions in the
gas environment) permits easy observation of such ma-
terials as glass, plastic, and uncoated semiconductor
materials without special preparation or grounding.

As such, this electromechanical design satisfies the
simultaneous requirements for pressure control, elec-
tron beam focusing, and signal amplification, while
placing no impractical limitations on specimen handling
or microscopic resolving power.

While the invention has been particularly shown and
described with reference to a preferred embodiment, it
will be readily appreciated by those of ordinary skill in
the art that various changes and modifications may be
made without departing from the spirit and scope of the
invention. For instance, the objective lens assembly
may include only one interior passage or “intermediate”
vacuum chamber. In this configuration, the interior
passage would be positioned between a nonmagnetic
annular diaphragm (such as 34) and the final magnetic
pole piece (such as 38). The central opening of the non-
magnetic diaphragm defines the diameter of the column
liner tube. The aperture carrier (such as 54) would be
releasably secured between the central openings of the
nonmagnetic diaphragm and the final magnetic pole
piece. In accordance with the teachings of the preferred
embodiment, the upper aperture of the aperture carrier
is then located within the central opening of the non-
magnetic annular diaphragm substantially contiguous
with the vacuum liner discharge opening. The lower
aperture is then located substantially in alignment with
the central opening of the final pole piece. The orifices
of the aperture carrier would communicate with the
single interior chamber such that the cavity of the aper-
ture carrier is maintained at the pressure of the interior
passage. Such a system will not permit the resolution of
the specimen which is possible in an environmental
scanning microscope having two “intermediate” vac-
uum chambers but it will provide for better resolution
than that achieved by a typical scanning electron micro-
scope.

It is intended that the appended claims be interpreted
as including the foregoing as well as various other such
changes and modifications.

What is claimed is:

1. An objective lens assembly for an environmental

‘scanning electron microscope comprising:

(a) a substantially cylindrical objective lens magnetic
housing containing an axially disposed vacuum
liner tube and containing means for magnetically
focusing a beam of electrons passing through said
liner tube, said housing having upper and lower
pumping ports therein axially distanced from one
another;

(b) at least two annular diaphragms of nonmagnetic
material and a final magnetic annular diaphragm
attached to said housing at different axial locations
and extending inwardly of said housing, said dia-
phragms defining at least two interior passages,
each of which communicate with the said upper
and lower pumping ports, respectively; and

(c) aperture means located within the central opening
of said diaphragms to permit passage of said elec-
tron beam from said vacuum liner tube into said
interior passages and then into the specimen cham-
ber of said environmental scanning electron micro-
scope and to limit passage of gas molecules from
the said specimen chamber into the said interior
passages.
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2. An objective lens assembly as recited in claim 1
wherein the apertures are contained within an aperture
carrier releasably mounted and sealed within the central
opening of said diaphragms.

3. An objective lens assembly as recited in claim 1
wherein said aperture carrier is threadedly received
within the lower part of the objective lens assembly.

4. An objective lens assembly as recited in claim 1
wherein said two interior passages contain gas at differ-
ent pressures.

5. An objective lens assembly as recited in claim 4
wherein the zone of low pressure is located between the
two nonmagnetic annular diaphragms.

6. An objective lens assembly as recited in claim 4
wherein the zone of higher pressure is located between
one of the nonmagnetic diaphragms and the final mag-
netic diaphragm.

7. An objective lens assembly for an environmental
scanning electron microscope comprising:

(a) a substantially cylindrical objective lens magnetic
housing containing an axially disposed vacuum
liner tube and containing means for magnetically
focusing a beam of electrons passing through said
liner tube;

(b) an annular ring comprised of magnetic material
abutting said magnetic housing at the lower end
thereof and containing at least two ports therein
located axially with respect to one another;

(c) at least two annular diaphragms comprised of
nonmagnetic material and a final magnetic annular
diaphragm attached to said annular ring at different
axial locations and extending inwardly of said ring,
said diaphragms defining at least two interior pas-
sages, each of which communicates with one of the
said ports in said annular ring; and

(d) aperture means located within the central open-
ings of said diaphragms to permit passage of said
electron beam from said vacuum liner tube into
said interior passages and then into the specimen
chamber of said environmental scanning electron
microscope and to limit passage of gas molecules
from the said specimen chamber into the said inte-
rior passages.

8. An objective lens assembly as recited in claim 7
wherein the apertures are contained within an aperture
carrier releasably mounted and sealed within the central
openings of said diaphragms.

9. An objective lens assembly as recited in claim 7
wherein said aperture carrier is threadedly received
within the lower part of the objective lens assembly.

10. An objective lens assembly for an environmental
scanning microscope comprising:

(a) a substantially cylindrical objective lens magnetic
housing containing an axially disposed vacuum
liner tube and containing means for magnetically
focusing a beam of electrons passing through said
liner tube;

(b) an annular ring comprised of magnetic material
abutting said magnetic housing at the lower end
thereof and containing at least two ports therein
located axially with respect to one another;

(c) at least two annular diaphragms comprised of
nonmagnetic material and a final magnetic annular
diaphragm attached to said annular ring at different
axial locations and extending inwardly of said ring,
said diaphragms defining at least two interior pas-
sages, each of which communicates with one of the
said ports in said annular ring; and
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(d) a combination aperture holder and electron detec-
tor releasably received and sealed within the cen-
tral openings of the said annular diaphragms, said
aperture holder having apertures therein for pas-
sage of the electron beam and gas into and out of
the specimen chamber of the environmental scan-
ning electron microscope and the said interior pas-
sages and having electron detector means associ-
ated with the lower portion thereof, said detector
means being insulated from the body of said aper-
ture holder.

11. An objective lens assembly for an environmental

scanning electron microscope comprising:

(2) a substantially cylindrical objective lens magnetic
housing containing an axially disposed vacuum
liner tube and containing means for magnetically
focusing the beam of electrons passing through said
liner tube;

(b) an upper annular ring comprised of magnetic
material abutting said magnetic housing at one end
thereof and a lower ring comprised of magnetic
material abutting said first ring, each of said rings
having a plurality of circumferentially disposed
ports therein; .

(i) an annular upper diaphragm comprised of non-
magnetic material attached and sealed to an
upper portion of said upper ring and extending
inwardly thereof, said upper diaphragm having a
central bushing which receives said vacuum
liner,

(ii) an annular intermediate diaphragm comprised
of nonmagnetic material attached and sealed to a
lower portion of said upper ring and extending
inwardly thereof, and

(iii) an annular lower diaphragm comprised of
magnetic material attached and sealed to said
lower ring and extending inwardly thereof and
comprising the final pole piece of said objective
lens assembly,

said upper and intermediate diaphragms defining
an upper interior passage which communicates at
its periphery with the plurality of ports in said
upper ring and said intermediate and lower dia-
phragms defining a lower interior passage which
communicates at its periphery with the plurality of
ports in said lower ring; and

(c) (i) upper aperture means located within the
central opening of said upper diaphragm sized to
permit passage of an electron beam from said
vacuum liner tube into said upper interior pas-
sage,

(ii) intermediate aperture means located within the
central opening of said intermediate diaphragm
sized to permit passage of said electron beam into
said lower interior passage and to limit passage
of gas from said lower interior passage to said
upper interior passage, and

(iii) lower aperture means located within the cen-
tral opening of said lower diaphragm sized to
permit passage of said electron beam into the
specimen chamber of said environmental scan-
ning microscope and to limit the passage of gas
from the said specimen chamber into said lower
interior passage.

12. An objective lens assembly as recited in claim 11

wherein said intermediate and lower aperture means are
contained within an aperture carrier which is releasably
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received and sealed within the said central openings of
said intermediate and lower diaphragms.

13. An objective lens assembly as recited in claim 12
wherein the said aperture carrier is threadedly received
within the annular lower diaphragm.

14. An objective lens assembly as recited in claim 11
wherein the intermediate aperture means is from 50 to
1000 microns in diameter.

15. An objective lens assembly as recited in claim 11
wherein the lower aperture means is from 50 to 1000
microns in diameter.

16. A combination objective lens assembly and aper-
ture holder for use in an environmental electron scan-
ning microscope comprising:

(a) a substantially cylindrical objective lens magnetic
housing containing an axially disposed vacuum
liner tube and containing means for magnetically
focusing a beam of electrons passing through said
liner tube;

(b) an annular ring comprised of magnetic material
abutting said magnetic housing at the lower end
thereof and containing at least two ports therein
located axially with respect to one another;

(c) at least two annular diaphragms comprised of
nonmagnetic material and a final annular magnetic
diaphragm attached to said annular ring at different
axial locations and extending inwardly of said ring,
said diaphragms defining at least two interior pas-
sages, each of which communicates with one of the
said ports in said annular ring; and

(d) a combination aperture holder and electron detec-
tor releasably sealed within the central openings of
said final annular pole piece and one of said dia-
phragms comprised of:

(i) a main body having a conduit therein, said main
body being adapted to be releasably received and
sealed within a recess in said objective lens as-
sembly;

(ii) a lower aperture in the lower end of said con-
duit sized to permit an electron beam to pass
through and to limit the passage of gas from the
specimen chamber of the said environmental
scahning electron microscope to the zone above
said lower aperture;

(iif} a port in said main body above the said lower
aperture, said port providing communication
from said conduit into a lower interior passage in
said objective lens assembly; and

(iv) a higher aperture within said conduit posi-
tioned above said lower aperture and above the
said port therein, said upper aperture being sized
to permit an electron beam to pass therethrough
and to limit the passage of gas from the conduit
to a higher passage within said objective lens
assembly.

17. A combination objective lens assembly, aperture
holder and detector for use in an environmental elec-
tron scanning microscope comprising:

(a) a substantially cylindrical objective lens magnetic
housing containing an axially disposed vacuum
liner tube and containing means for magnetically
focusing the beam of electrons passing through said
liner tube;

(b) an upper annular ring comprised of magnetic
material abutting said magnetic housing at one end
thereof and a lower ring comprised of magnetic
material abutting said first ring, each of said rings
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having a plurality of circumferentially disposed

ports therein;

(i) an annular upper diaphragm comprised of non-
magnetic material attached and sealed to an
upper portion of said upper ring and extending
inwardly thereof, said upper diaphragm having a
central bushing which receives said vacuum
liner,

(i) an annular intermediate diaphragm comprised
of nonmagnetic material attached and sealed to a
lower portion of said upper ring and extending
inwardly thereof, and

(iii) an annular lower diaphragm comprised of a
magnetic material attached and sealed to said
lower ring and extending inwardly thereof and
comprising the final pole piece of said objective
lens assembly, said upper and intermediate dia-
phragms defining an upper interior passage
which communicates at its periphery with the
plurality of ports in said upper ring and said
intermediate and lower diaphragms defining a
lower interior passage which communicates at
its periphery with the plurality of ports in said
lower ring; and

(c) a combination aperture holder and electron detec-
tor releasable sealed within the central openings of
said annular lower and intermediate diaphragms
and comprised of:

(1) a main body having a conduit therein, said main
body being adapted to be releasably received and
sealed within a recess in said objective lens as-
sembly;

(ii) a lower aperture in the lower end of said con-
duit sized to permit an electron beam to pass
through and to limit the passage of gas from the
specimen chamber of the said environmental
scanning electron microscope to the zone above
said lower aperture;

(i) a port in said main body above the said lower
aperture, said port providing communication
from said conduit into a lower interior passage in
said objective lens assembly;

(iv) a higher aperture within said conduit posi-
tioned above said lower aperture and above the
said port therein, said upper aperture being sized
to permit an electron beam to pass therethrough
and to limit the passage of gas from: the conduit
to an upper interior passage within said objective
lens assembly; and

(v) an electron detector located at the lower end of
said main body and separated therefrom by insu-
lating means.

18. An improved environmental scanning electron

microscope comprising:

(a) means for generating and directing an electron
beam toward a specimen;

(b) a combination objective lens assembly and aper-
ture holder comprising:

(i) a substantially cylindrical objective lens mag-
netic housing containing an axially disposed vac-
uum liner tube and containing means for magnet-
ically focusing a beam of electrons passing
through said liner tube;

(ii) an annular ring comprised of magnetic material
abuiting said magnetic housing at the lower end
thereof and containing at least two ports therein
located axially with respect to one another;
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(iii) at least two annular diaphragms comprised of
nonmagnetic material and a final magnetic dia-
phragm attached to said annular ring at different
axial locations and extending inwardly of said

ring, said diaphragms defining at least two inte- 5

rior passages, each of which communicates with

one of the said ports in said annular ring; and
(iv) a combination aperture holder and electron
detector releasably sealed within the central

openings of said magnetic diaphragm and one of 10

said nonmagnetic diaphragms and comprised of:

a main body having a conduit therein, releasably
received and sealed within a recess in said
objective lens assembly; a lower aperture in
the lower end of said conduit sized to permit
an electron beam to pass through and to limit
the passage of gas from the specimen chamber
of the said environmental scanning electron
microscope to the zone above said lower aper-
ture;

a port in said main body above the said lower
aperture, said port providing communication
from said conduit into a lower interior passage
in said objective lens assembly;

a higher aperture within said conduit positioned
above said lower aperture and above the said
port therein, said upper aperture being sized to
permit an electron beam to pass therethrough
and to limit the passage of gas from the con-
duit to a higher passage within said objective
lens assembly;

(c) a specimen chamber positioned below said objec-
tive lens, which maintains the specimen enveloped
in gas in registration with the lower aperture such
that a surface of the specimen may be exposed to
the focused beam of electrons;

(d) a specimen mount located within the specimen
chamber and positioned for supporting the speci-
men so as to allow the focused beam of electrons to
interact with the specimen; and

(e) electron detection means positioned to detect
electrons resulting from said interaction.

19. An improved environment scanning electron mi-

croscope as recited in claim 18 further comprising

means for recording information detected by said detec-
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20. An improved environment scanning electron mi-
croscope as recited in claim 19 wherein said recording
means includes a current amplifier receiving the current
collected at the detection means, said current amplifier
floating at the detector bias voltage and coupled at full
bandwidth to grounded video circuits.

21. An objective lens assembly for an environmental

scanning electron microscope comprising:

(a) a substantially cylindrical objective lens magnetic
housing containing an axially disposed vacuum
liner tube and containing means for magnetically
focusing a beam of electrons passing through said
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liner tube, said housing having a pumping port
therein; .

(b) an annular diaphragm of nonmagnetic materia
and a final magnetic annular diaphragm attached to
said housing at different axial locations and extend-
ing inwardly of said housing, said diaphragms de-
fining an interior passage which communicates
with said pumping port; and

(c) aperture means located within the central opening
of said diaphragms to permit passage of said elec-
tron beam from said vacuum liner tube into said
interior passage and then into the specimen cham-
ber of said environmental scanning microscope and
to limit passage of gas molecules from the said
specimen chamber into the said interior passage.

22. An objective lens assembly for an environmental

scanning electron microscope comprising:

(a) a substantially cylindrical objective lens magnetic
housing containing an axially disposed vacuum
liner tube and containing means for magnetically
focusing a beam of electrons passing through said
liner tube;

(b) an annular ring comprised of magnetic material
abutting said magnetic housing at the lower end
thereof and containing a pumping port;

(c) an annular diaphragm of nonmagnetic material
and a final magnetic annular diaphragm attached to
said housing at different axial locations and extend-
ing inwardly of said housing, said diaphragms de-
fining an interior passage which communicates
with said pumping port; and

(d) a combination aperture holder and electron detec-
tor releasably received and sealed within the cen-
tral openings of said diaphragms, said aperture
holder having apertures therein for passage of the
electron beam and gas into and out of the specimen
chamber of the environmental scanning electron
microscope and the said interior passage and hav-
ing electron detector means associated with the
lower portion thereof, said detector means being
insulated from the body of said aperture holder.

23. An objective lens assembly for an environmental

electron microscope comprising:

(a) a substantially cylindrical objective lens magnetic
housing containing an axially disposed vacuum
liner tube and containing means for magnetically
focusing a beam of electrons passing through said
liner tube, said housing having upper and lower
pumping parts therein axially distanced from one
another; and

(b) at least one annular diaphragm of nonmagnetic
material and a final magnetic annular diaphragm
attached to said housing at different axial locations
and extending inwardly of said housing, said dia-
phragms defining at least two interior passage, each
of which communicates with the said upper and
lower pumping ports, respectively.

* * * * *



