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This invention relates generally to electron microscopes
and partlidularly to means for converting conventional electron
miocroscopes for use as scanning'microscopes,

The invention includes an attachment adapted to be
mounted upon a standard electron microscope column. Electgon'beam
deflection elementse‘auxiliary electron beam fooﬁsing means, an

apertured fluorescent screen, an épertured shiéld, an auxilliary

| specimen chamber and light respounsive means are supported in the

péth of the eleotron beam and interposed between the miocroscope
electron projection lens and the microscope recording film or

viewing screen. Preferably provision should be made for selective

. removing the entire attachment, or if desired, only the apertured

fluorescent screen and the auxiliary specimen holder, for
utilizing the microscope in a conventional manner. 5:
In addition to the above desoribed attachment to the

microscope frame, the lnvention includes a recorder having

ktraoking means synchronlzed with the eléotron bewmudefiéctioﬁ means,

and connections to the light responsive means, thereby providing

a redorded 1mage of an object located in the auxiliary specimen

holder or object ohamber.

The partiocular arrangement of the component elements
of the attachment may be arranged as hereinafter descri&%d or may

be of the general type desoribed by Manfred von Ardenne 1n U. S.

‘Patent 2,257,77. granted Ootober 7, 1941 for Electronio—optioal

Device.

Among the objects of the invention are to provide im-
proved and simplified means for converting a conventional eleotron
microscope for use as a scanning electron microscopes Another

object is to provide means for observing alternatively a specimen

in different object chambers of an electron image device, for
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producing either an electron image or a recorded image of an
electron scanned Specimen; Still another object of the invention
is to provide a removable electron microscope attachment which
includes electron deflection elements, suxiliary electron
fﬁousing means, an apertured fluorescent screen, a light responsive
device associated with the apertured screen, an apertured shield,
and a second object chember, all included within & common frame
and adapted to be supported on the conventional electron micro-
Scope column between the microscope projection lems and the micro-
scope viewlng screen. Another object of the invention is to pro-
vide recording means responsive to the voltages derived from the
above mentioned light responsive means to obtain a recorded inmage

of the‘eleotron scanned object.

The invention will be described by reference to the
drawings of whiéh Fig. 1 is a schematic diagram of a complete:
eleétron microscope including the scanning microscope attachment,
gnleig. 2 18 an elevational view of a pPreferred embodiment of the
scanning attachment.

» Referring to Fig. 1, a conventional electron microscope
includes the following elements: An electron source 1 which is at
high negative potential. An anode 2 which includes & suitable
aperture and which is ground potential with respect to the elec-
tron source, accelerates and concentrates the electromns emitted
trdm the electron -source 1 into a suitable beam. An electron
gondenser lens 3, wpieh may be of either thé electrostatic or
electromagnetic type, is disposed in the path of the electron beam
between the anode 2 and a conventional object chamber containing a
specimen: 4. ZElectrons transmitted by, or refleeted from, the
specimen 4 are focused by the objective 'lens 5 and the projection

lens 6 to form an image on the recording or viewing screen 18.
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The apparatus thus described comprises a conventional electron
nicroscope of the fype well known in the art. This apparatus

may be converted for use as an electron sScanning microscope after
removal of the specimen 4, by means of the attachment D, which is
interposed between the projlection lems 6 and the recording or
viewing socreen 18.

The soaﬁning.attachment includes electron beam de=-
flecting elements 7‘and 8 which may be of either the electrostatic
or the electromegnetic type. The deflecting elements are connecte
tc sultable sources of deflecting voltages derived from the saw-
tooth deflection voltage sources 9 and 10 respectively, to pro-
vide beam deflection similar to the type utilized in conventional
television systems. The greatly reduced image of the electron
source 1, which image is deflected by the potentials applied to
the defleotion elements 7 and 8, is focused to form an electron
?rppe-of small cross-seotional area, by means of an auxiliary
electron lens 12 through an apertured screen 13, upon a speciﬁenm
located in the second object chamber 15. The second .object g
chamber.sﬁould preferably be insulated from the remainder of the
miceroscope structure, and connected to a suitable soureﬁwpf high
negative potential. An electrostatic shield 16, which is held at
some predetermined positive potentiml with respect to the cathode,
and which includes an aperture to permit the electron beam to
pass to the specimen in the second object chamber 15, is interpose
between the fluorescent screen 13 and the specimen. Under
electron bombardment by the deflected electron beam, the specimen
in the chamber 15 emits secondary electrons which are accelerated
the charge on the shield 16. Some of these electrons pass through
the shield aperture and impinge upon the fluorescent screen 13a

producing fluorescence thereof. The intensity of the 1light emitte

| =1




cludes an electromagnetic type of projection lens 26 including the

; (}

‘.2."< r’)

RCV Can. 8847

by the screen 13a varies with the surface characteristics of the
specimen. A phototube or electron multiplier 17, disposed ad-
Jacent the fluorescent screen 13a, is responsive to the light
emitted rrom the screen 13a and generates potentials which are a
function of the secondary electrons emitted by the object in the
auxiliary chamber 15.

A recorder 11, which may be of the conventional type
used_for faocsimile purposes, is conngcted to the deflection vol-
tage sources 9 and 10, whereby the recorder tracking is synchron-
ized with the electron beam deflection provided by the deflection
elements 7 and 8. The recorder stylus is connected to the output
of the electron multiplier 17 whereby a recorded indiecation of
the surface characteristics of the object in the auxiliary chamber
15 is derived. It will be apparent that by disconnecting the
gources of deflectlion voltage by opening the switches 19 and 20
in the output circuits of the deflection voltage sources 9 and 10,
and by selectively removing the apertured devices 13 and 16 and
the auxiliary objeoct in the chamber 15 from the path of the elec-
tron beam, that the complete assembly may be utilized as a con-
vehtional electron microscope. In a preferred arrangement, howevey
the entire scannihg attachhent 1s removed from the microscope
assembly when the apparatus is to he used. as a conventional
mieroscope. |

}g‘ Fig. 2 shows a preferred embodiment of the secsnning
micrOScope attachment which is adapted to be mounted tpon the

lens column of a conventional electron microscope. ‘The unit in-

winding 27 and the pole piece 28, all or whiech..are of conventional
design. A pair of electromagnetic type deflection coils 29 are
axially disposed below the pole piece 28 in the path of the elec-

tron beam. These deflection coils may be of the type described

{

by W.A. Tolson et al in U.S. ‘
Patent 2155514, grentea on April 25,
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1939, or of any other type well known in the television art. A
second'electro—magnetic electron lens 30, of comparatively weak
magnifying power, consisting of the winding 31 and the pole

piece 32, is disposed beneath the magnetice deflection coils 29 in
the path of the electron beam. )

A tubular structure 33, axially disposed in the path

of the eleoctron beam below the second magnetic electron lens 30,
indudes an anguiarly disposed fluorescent screen 34 having an
aperture 35 which permits the passage of the eleotron beam to the
‘object stage 36, The object stage 36 is located directly beneath
the fluorescent screen. The tubular structﬁre 33 is shielded by
an electrostatic shielding SGreen 37, whiech is Preferably formed
as a contacting sleeve. Electrons, impinging upon the fluorescent
socreen 35 from the'object on the object stage 36, cause filuoresence
of the screen. Light emitted therefrom passes through an aperture
38 in the tubular structure 33 to a lens 39 sealed in a depression
| in an outer cylindrical structure 40 which surrounds the object
stage 36 and cylindrical Support 33. A phototube or electron
ﬁultiplier 41 is supported in Proximity to the lens 39. The
light falling on the multiplier 41 establishes an electric current
broportional to the intensity of the light emitted by the
fluorescent screen 34.

The object stage 36 is connected to a rod-like conducte
ing member 42 which is connected to a source of high negative
potentlial. The object stage 36 supported by a high voltase
insulator 44 whieh is’adjustably supported by a base member 48
mounted to the frame 40. An adjusting element L5 connects the
insulator 44 to an adjusting knob or other device 47, and is sealed
in the frame 4O by a conventional sylphon device 46. The adjustment

may be aecomplished in any manner known for . .electron object stages.

- 5 -
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The conductor member 42 is surrounded by a high voltage insulator
43 which is supported within a suitable aperture in the cylindrica

structure 40. The upper portion of the projection lens 26 is adap

~ ted for support to the mieroscope lens_columh in the same manner =

provided for the conventional microsoope_projection lens, The
entire ﬁnit should preferably be of suitable size and structure to
be interchangeable with the standard microscope projection lens
assembly. It should also be of suitable length to permit mouﬁting
between the lens column and the viewing or recording sereen of the

conventional microscope.

|
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Having regard to the foregoing disclosure, the patent
of which this specification forms part confers, supject t0 the
conditions prescribed in the Patent Act, 1935, the exelusive
right, privilege and liberty of making, constructing, using
and veﬁding todhers to be used, the invention as defined in

claims submitted by the patentee as follows:
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“/1. In combination, an electron image device and an

electron scanning microscope, including an objoct, means for
forming an enlarged electron image of said object, alternative
means selectively interposed between sald image device and said
image means and selectively cooperative with said image device for
forming a sharply defined electron probe, means for deflecting
said electron probe along a predetermined path, means including
sald deflected probe for irradiating progressive points of said
objJect, recording means synchronized with said deflecting means
and indicating means responsive to the secondary electron emission

from said object points,

v 2. Apparatus of the type described in claim 1 including

viewing means for observing saild electron image.

3+ Andectron microscope including an electron beam, an
object, an electron objective lens, an electron projection lens,
means for 1rrad1&t1n¢ said object, a viewing serewn, and means in-
eluding said objective lens and said projection lens for forming an
E*j enlarged image of said object at said viewing screen; alternative
means selectively interposed between said projection lens and said
. viewing screen and selectively cooperative with said electron beam
including electron beam deflecting elements, supplementary beam
fbcusing‘neans, an aportuned fluorescent screen, light responsive
means disposed adjacent said screen, and a second object; means
including said deflecting elements for deflecting said beam along
a predetermined path aeross mid second cbject to provide secondary

responsive to said light emission, a recorder, tracking means for

said recorder synchronized with the deflection of said electron be
and means including said voltage generating means connected to saiJ-

recorder for deriving a recorded image of said second object,

electronic emission from said second object, voltage generating means fff-
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k{/ An attachment for an electron microscope having an
electron beam, an electron projection lens and an image screen,
including object supporting means adapted to be interposed between:
sald lens and said screen, beam deflecting means for electron
scanning an object supported by said object supporting means to
provide secondary electron emission therefronm, auxilidry focusing
means lnterposed between said deflecting means and said objeect
supporting means to provide an electron probe of extremely small
eross-section at the plane of said object, means including an
apertured fluorescent screen in the path of said deflected probe,
the axes of sa1d4def19cted electron probe and said aperture
coinciding, and light responsive means disposed adjacent said
fluorescent screen for generating voltages which are a function of
said secondary electron emission from said object impinging upon

sald fluorescent screen.

5. / Apparatus of the type deseribed in claim 4 including
recording means, traeking means for said recorder, means for
synchronizing said tracking means with said probe deflecting means
and means for applying said generated voltages to said recorder fo

deriving a recorded image of said objlect,

6. “Apparatns of the type described in claim & including
& common frame for said deflecting elements, auxiliary foeusing
means, apertured fluorescent screen, object and light responsive
means, and mounting means on said frame for supporting said frame
between said electron projection lems and said image screen of

said electron microyeope.

»
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7.V/Apparatus of the type described in claim W including
an apertured shield interposed in the path of said electron beam
between said object and said fluorescent screen, said shield and .

screen apertures coaxially coinciding,

8, /Apparatus of the type described in claim 3 including
an apertured shield interposed in the path of said electron beanm
between said object and said fluorescent screen, said shield and

screen apertures coaxially coinciding,

9.‘/An attachment of the type described in claim k&
including an auxiliary projection lens adapted to replace said

first mentioned projection lens of said electron microscope

mounted in cooperative relation with said deflecting m ans,
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Certified to be the drawings referred to

in the specification hereunto annexed.
(A4
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