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. 'This invention relates generally to electron mi-
croscopes and particularly to an improved means
for and method of controlling the electron veloc-
ities within an electron microscope to obtain
desired specimen electron penetration and opti-
mum electron velocity for the microscope image
reproducing means.

In electron microscopes which use high velocity
electrons for the observation (by transmission)
of suitable specimens, it is necessary that the
electron velocity used be sufficient to afford com-
plete penetration of the specimen. In an elec-
tron microscope used for studying many different
types of specimens it is necessary, therefore, that
the potential used to accelerate the specimen-
Irradiating’ electrons be variable over a wide
range. The maximum possible magnification
which can be obtained from a plurality of elec-
tron lenses, as arranged in a conventional elec-
tron microscope, varies inversely as the accel-
erating potential is raised to a power which is
determined by the number of lenses. In other
words, in an electron microscope comprising only
an objective lens and a projection lens, the max-

imum possible magnification varies inversely as

the square of the accelerating potential. For
example, in such an electron microscope using
electrons accelerated by a potential of 20 kilo-
volts, 2 magnification of 500,000 is possible. The
same instrument using electrons accelerated by
500 kilovolts would be capable of a magmﬁcation
of only 800.

Another factor which must be considered in
the design of an electron microscope is the fact

that there exists an optimum electron velocity -

for the exposure of a sensitized emulsion sub-
jected to the electron image. It is therefore de-
sirable to irradiate the specimen with electrons
having 8 velocity which will provide specimen

penetration to a degree necessary for desired

image contrast, and at the same time control the
electron image velocity to obtain optimum elec-
tron exposure of the image recording means. - It
is therefore the purpose of this invention to pro-
vide separate electron beam velocity ' control
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‘source of negative potential.
‘a, suitable aperture, is connected to a source of

of the electron lenses. For example, in a con-

ventional electron microscope, the anode and

condenser lens are enclosed within one of the
accelerating electrodes, the specimen and objec-
tive lens are enclosed within a second accelerat-
ing electrode, and the. projection lens and the
recording or viewing screen are enclosed within
a third velocity control electrode.
electrode is insulated from the first and third
electrodes, which may be insulated from each
In one arrangement thereof, suitable
electron accelerating potentials are applied to the
electrodes to obtain optimum electron beam ve-
locity for the exposure of the recording. screen.
An adjustable potential is applied to the second

accelerating electrode to vary the electron beam

velocity for desired penetration of the specimen
enclosed therein. With this arrangement the
magnification obtainable with the instrument is
inversely proportional to the accelerating poten-
tial applied to the electrons passed through the
specimen. With this arrangement, the photo-
graphic sensitivity of the recording screen may
be maintained constant regardless of the velocity
of the electrons traversing the specimen.

The invention will be described by reference
to the accompanying drawing of which Fig: 1
is a schematic diagram of one embodiment of
the invention, and Fig. 2 is & group-of graphs
illustrating the operating characteristics thereof.
. Referring to Fig. 1, a conventional electron mi-
croscope includes a cathode | connected to a
An anode 2, having

positive potential and accelerates and concen-
trates the electrons emitted by the cathode |I.
A condenser lens 3, which may be of either the
electromagnetic or electrostatic types well known
in the art, images the cathode to irradiate the
specimen 4. An objective lens 5, which may also
be of either the electromagnetic or el_éctrosta.tic
type, forms an image of the specimen at the

. plane 6. The image at the plane 6 is. magnified

45

means for each stage of a ¢onventional electron -

microscope. These means include, in one modi-
fication of the invention, separately insulated
electrodes surrounding the desired portions of the

microscope column, and connections for apply-~

ing to each electrode the potentials required to
obtain the desired electron velocities in each re-
gion.  The electrodes should include apertures to
permit the electron beam to pass freely through
the encloséd regions without distorting the fields

by a projection lens 1, which may also be of either
electromagnetic or electrostatic type, to form an
enlarged image of the specimen on the recording
or -viewing screen 8.

- The anode 2 and condenser lens 3 are enclosed

- within a first velocity control electrode 8, which

5
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is apertured to provide a path for the electron
beam. - The electrode may be of any suitable:
construction. By way of example, the electrode
may be of the general type disclosed: in the co-
pending application of J. L. Whittaker, Ser. No.
435,788, filed March 23, 1942, and. assigned to the

The second
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same assignee as the instant invention. The ve-
locity control electrode 9 is connected to the
anode and is therefore at the same positive poten-
tial. A second velocity control electrode 10, en-
closing the specimen 4 and the objective lens 5,
is insulated from the first velocity control elec-
trode 9, and is connected to the desired potential
derived from the source {{, illustrated as a bat-
tery. The projection lens T and thé recordihg or
viewing screen 8 are enclosed within a third ve-

locity .control electrode 12, which is insulated .
from the second velocity control electrode 10..
The third velocity control electrode <12 may be
at the same potential as the first velocity control
15 image forming means, the method comprising ap- -
- plying first predetermined electron velocity de-

electrode 9, or the potential ‘thereof may e
varied; to control further the magnification of

the system and the electron image Veloclty ap-’

plied to the recording screen 8.
Fig. 2 includes a Graph A showing the meagni-
fication of a conventional two-stage microscope

with variation of the electron beam accelerating

poténtisl. Gizph B indicates the magnification,
with -electron beam accelerating potential, of a
two stage Mmicroscops of the type described here-
i, Graph C 15 similay to ‘Graph A, snd indi-
eates the magnification ‘characteristic of 2 con-
ventional three. stage ‘microscope. Graph D-is
gimnilar to Graph B and indicates the magnifica-
" fion of a three stage mlcroscope of the type de-
seribed herein,
*rhus the invention descnbed provides ah im-
proved means for eontiolling the ‘velocity of an
-glectyon beam irradiating the speeimen in an elec-

tron ‘mieroscope 'while at the same time main- -

taining #n optimum veloc1ty at the microscope
reeording sereen for optimum exposure thereof.
1t shotld be understood that the use of the ac-
celerating electrodes described herein may be ex-
tended to other applications of electron lenses,
since the velocity eontrol electrede is 'in reality
-a lens magnification control as explained hereto-
fore.: )

I clatm a3 my invention:

1. Th an- electron microscope - having electron
bea;m producing means, an anode, objective and

piojection.lens, a source ©f potential, a specimen, -

and. image ‘forming means, the method of con-
trolling spedimen ‘electron penetrability while
.mamtamlng constant the electron velocities at
E jmage, comprising, gecelerating said elec-
tron beain to a predetermined initial velocity, ap-
plying.a first predetermined potential to adjust
said velocity of said beam in-the region of said
speditnen and said objective lens, and-applying
a second predetermined poteatial to adiust said
adjusted velocity of said beam ih 4he Tezion of
s4id ‘projection lens and said irmage forming
means,

2.In an electron micrcscope having electron
bewm producing means, an anode, objective and
projection lenses, & source of pote'ltlal 2, speci-
en, and image forming means, the method of
controlling the total magnification thereot in<
_cluding applying ‘an initial accelerating ‘potenitial
between said beam produéing means and-said and
ode; applying 2 first adjustable potential to said
“beam in the region of said specimen and said ob-
jettive lens to contrel the magnification thereof,
and applying 4 second potentisl to said beam in
the region of said projection lens and saidt image
forming means to provide optimum e]ectron ve-
lo¢ities for said image forming means.

3. Apparatus for controlling the €lection pene:
tyaticn of a3, gpecimen in an €lection microscope
mc’mdmg in sonibination electron beam: generat-

ing means, an objective lens, a projection lens, a
source of potential, image forming means, means
including said source of potential for initially
accelerating said beam to a predetermined veloc~

5 ity, means including said potential means and

said objective lens for varying said initial velocity
to control the specimen penetration of said elec-
tron -beam, and means-including said potential
means and said projection. lens for eontrolling

10 the electron beam velocity at said image form-

ing means.

_ 4, In an electron microscope including electron
behbim generating means, a specimen, objective
and projection lehses, a source of potential, and

termining potentials to said electron beam at said
‘speeimen t6 provide desired electron penetration
of said specimen and apblying second predeter-

20 mined electron velocity determining potentials to

said ¢lectron beam &t said projection leng for
providing ootimum image reproductmn at said
image forming means.

‘5. An electron- micrOScope includmg in dombi=

25 nation electron beam generating imeans, an anh-

ode, a condenser lens, ‘an objective ’lens ahd &
projection lens, a specimen, a source of ‘potential,
image forming ‘means, means comprising an €lec-
trode,; surrounding said anode and said condenser

80 lens, and including aperbures Tor said beam, sec-

ohd inkans comprising &n insulated elettrode siire
rounding said. ‘specithen and -said objective lens
and  including apettires for -said beam, third
mexng comprising an-electrode surrounding said

85 projection lens and sdid image forming means

ahd including an aperture- for said beam, and
nreans ineluding said source of potential for ap-
plying predetermined ‘beam acceleratxng potens
tials to each of sdid electrodes.

40 - 6. An glectron microscope including in tombi-

nation electron. bearm genérating means, an an-
ode, a condénser lens,-an ohiective lens and &
projection lens, & specimen, a source .of poten-
tial, and image forming means, means vonipris«

45.ing an electrode surrounding - said generating

means, said anode and $aid condenser lens and
includmg apertures for Said beam, second means
comprising an insulated - electrode surroutiding
said specimen and said objective lens, and. in-

80 cluding apertures for sald beam; third means

comprising an- electrode -surrounding said ‘pro-
jection lens and said image means and including
aperturés for said beam, and ‘mearns including
said source ‘of potential for applying the same

55 predetermined accelerating potentials to-said first

and third electrode means-and an adjustable po-
tential tosaid second electrods means.

7. In an electronic device, the combination of
means for establishing an electron-beam, an elec-

60 tron lens for concentrating said beam on a speci-

men to be imaged, -an electron lens for shiarging
the image of said speciinen, reproducing means
for said enlarged image, and means for adjust-
ing the veloeity of the electrons of said beam to

85 produce the desired penetrating velocity at said

- specimen and to produce optimumn -electron-wve«
loeity at said image réproducing means. :

8. In an electronic device, the combination -of

means for establishing an electron beam,:an elec-

70 tron lens for conhcentrating said heam on a spec-

imen to be imaged, an electron Jens for enlarging
the image of said speeimen, reproducing means
forsaid enlarged image, means for adjusting the
velotity of the electrons of said beam {0 produce

73 the desired penetrating vélocity at said specimen,
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and means for producing optimum electron ve-
locity at said image reproducing means.

9. In an electronic device, the combination of
means for establishing an electron beam, an elec-
tron lens for concentrating said beam on a spec-
imen to be imaged, an electron lens for enlarging
the image of said specimen, reproducing means
for sald enlarged image, and means disposed in
the region of said specimen for adjusting the
velocity of the electrons of said beam to produce
the desired penetrating velocity at said specimen

and to produce optimum electron velocity at said’

image reproducing means.
10. In an electronic device, the combination of

means for establishing an electron beam, an elec-
tron lens for concentrating said beam on a spec-
imen to be imaged, an electron Iens for enlarging
the image of said specimen, reproducing means
for said enlarged image, means disposed in the
region of said specimen for adjusting the velocity
of the electrons of said beam to produce the de-
sired penetrating velocity at said specimen, and
means disposed in the region of said reproducing

10 means and said enlarging lens for producing op-

timum electron velocity at said image reproduc-
ing means.
JAMES HILLIER.



	Bibliography
	Claims
	Drawings
	Description

