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This invention relates to the electron-microscope art, 
and is particularly addressed to a gauge means by which 
the magni?cation of an electron microscope can be quickly 
and accurately adjusted to any selected one of a plurality 
of a magni?cation values. 
One important object of the invention is to provide a 

simple apparatus by means of which the magni?cation 
of an electron microscope can be quickly set to any se 
lected one of several values with accurate reproducibility. 

Another object of the invention is to provide a- simple 
gauge for the purpose just indicated wherein the several 
calibrated values of magni?cation available with the de 
vice are so related to one ‘another that each value of 
magni?cation yields an image area double that of the 
next lower value. 
A still further object of the invention is to provide, for 

an electron microscope, a convenient gauge for calibrating 
the magni?cation of the instrument which can be left 
permanently inside the instrument, usable at will in con 
junction With a standard diffraction grating employed as a 
specimen. 

Other objects and advantages of the invention will be 
apparent from the following detailed description of a 
typical embodiment thereof. - 
An electron microscope is a complex apparatus com 

prising an electron gun, a specimen holder, a complicated 
electron-optics system including a plurality of electron 
lenses, one or more cameras, and a viewing screen for 
visual observation of the magni?ed images. The depth 
of focus of an electron microscope is very great, and a 
sharp image can be obtained at almost any distance from 
the last lens in the optics system. The magni?cation, 
however, is of course ar'iected by this distance. Usually 
numerical values of magni?cation refer to those obtained 
at the position of the photographic plate carried in a 
cassette below the Viewing screen. 

Because electrons are scattered by air molecules, the 
entire space inside an electron microscope is evacuated 
to an extremely low pressure whenever the instrument is 
in use. 
The magni?cation of an electron microscope of a 

magnetic type is a complicated function of the electron-lens 
characteristics, which in turn are governed by the current 
magnitudes ?owing through the respective electromagnet 
coils employed in the electron-optics system. Hence ad 
justment of the instrument’s magni?cation involves vari 
ation of these current magnitudes. Such adjustment is 
not simple, at best, and it is made more complicated by 
the fact that any change in magni?cation is accompanied 
by de-focusing. Readjustment of the focus, in turn, alters 
the magni?cation, so that calibration of an electron mi 
croscope to provide a sharp image at a predetermined 
speci?c magni?cation is a tricky and difficult job. When 
carried out by prior-art methods, such adjustment may 
well require several hours of work, even when the op 
erator is thoroughly experienced. It should be understood 
that the foregoing is merely illustrative, and that the 
invention can be employed equally well for the calibration 
of electron microscopes of the electrostatic type. 
When used in a busy laboratory, an electron microscope 

may well be operated, from one time to another, at a great 
variety of different magni?cations. Despite this fact, it 
is frequently desirable to be able to adjust the instrument 
at will to some speci?c value of magni?cation so as to 
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duplicate the conditions that previously existed during 
some related experiment. 
By the present invention, 1 have provided a simple and 

effective means, not only for readjusting the instrument 
to duplicate some previously used magni?cation, but also 
to permit quick adjustment of the instrument to any se 
lected one of a plurality of magni?cations, over a wide 
range of values. 
A particularly useful feature of my invention is the 

provision of means by which all successive calibrated 
magni?cation magnitudes are related to one vanother by 

the factor \/2. This arrangement is particularly useful 
in practical work because it means that each calibrated 
value of magni?cation provides an image area double 
that provided by the next higher calibrated magni?cation 
value. 

Basically, the apparatus which, by my invention, is 
added to a conventional electron microscope consists sim 
ply of a circular electron-opaque ring, suitably mounted 
within the microscope interior in such manner that it 
may at will be thrown into the path of the electron beam 
or moved out of such path. 
The manner in which this simple calibrating device is 

combined with the microscope proper, and the way it is 
used, me illustrated in the appended drawing, in which 
FIG. 1 is a simpli?ed sectional view of the lower part 
of an electron microscope embodying my invention; FIG. 
2 is a perspective view of the calibrating ring which forms 
the important part of my invention, and FIG. 3 is a frag 
mentary showing of the viewing screen of the FIG. 1 
embodiment, illustrating the appearance of such screen 
when my calibrating ring is being employed in conjunc 
tion with a diffraction-grating replica as a specimen. FIG. 
4 is a fragmentary view, partly in section, showing the 
details of a suitable adjusting mechanism for the calibrat 
ing ring. 
An electron microscope is normally disposed in such 

a position that the electron beam is symmetrical with re 
spect to a vertical axis, and the instrument indicated in 
FIG. 1 is so shown. Near the bottom of FIG. 1, viewing 
screen 11 may be seen, and below the viewing screen is 
the conventional apparatus for making photornicrographs, 
including the photographic plate 12 and the cassette holder 
13, both of which are carried inside the photo chamber 14. 
Above the viewing screen 11 is a transparent panel 15, 
through which the image on the viewing screen 11 may 
be visually observed. (When photographs are to be made, 
the viewing screen 11 is moved out of the beam path in 
any conventional manner, to enable the electron beam 
to impinge directly on the sensitized plate 12.) 

Near the top of FIG. 1, I show the lowermost electron 
lens in the electron-optics system, including permeable 
pole pieces 17, an electromagnet coil l8, and a magnetic 
core 19. A conduit system 29 is provided for evacuating 
the interior of the instrument preparatory to use. 
As persons skilled in the art will readily understand, 

the upper part of the microscope (not shown in the draw 
ing) includes the remainder of the electron-optics system, 
the specimen holder, the electron gun, and the electrical 
circuit components employed for electron-beam genera 
tion, acceleration, and focusing. Since all of these com 
ponents of an electron microscope are conventional, they 
will not be illustrated or described herein. 
At a suitable position in the electron drift space below 

the lowermost electron lens, I provide my calibrating 
ring 21, diagrammatically indicated in FIG. 1 and shown 
in perspective in FIG. 2. This ring is attached to a mov 
able support which can be controlled by any convenient 
means, as a rack and pinion supported by housing 25, 
operable from outside the microscope, as by a sylphon. 
The ring projects forwardly of its supporting arm 21a, as 



8,156,820 
3 

shown in FIG. 2, and is movable between a retracted posi 
tion outside the electron beam and an operating position 
whereat it intercepts the electron beam, casting a shadow 
on the middle portion of the viewing screen ill. or the 
photographic plate 12, whichever is in use. The vertical 
orientation of the calibrating ring 21 may be ?xed at any 
convenient height. 
A suitable mechanism for moving the calibrating ring 

21 between its advanced and retracted positions is shown 
in FIG. 4, the ring-supporting arm 21a being supported for 
rotation within the housing 25 and being keyed to a pinion 
26. The pinion and ring-supporting arm Zita may be ro 
tated by means of a rack arm 27, the rack portion of which 
is in mesh with pinion 26. At its outward end, rack arm 
27 is secured to the movable face of a sylphon bellows Z3, 
biased by means of spring 29. An adjusting screw Ell, 
carried by a bracket 32, bears against the external side of 
the end face of bellows 28 and thus permits manually 
controlled movement of calibrating ring 21 between its 
advanced and retracted positions. 

It will be understood that the apparatus of FIG. 4 is 
merely illustrative of one suitable means ‘for supporting 
the ring 21 and moving it out of the way of the electron 
beam after the instrument has been calibrated. In many 
microscopes, the need for a separate means for moving the 
ring into and out of beam-intercepting position may be 
avoided by mounting the ring 21 on the frame of the 
auxiliary camera which is disposed below the lowermost 
lens, means being provided in such instruments for moving 
that camera frame out of the electron-drift zone when not 
in use. 
As skilled readers will appreciate, the ring 21, when 

oriented in the electron-drift space below lens 17, will 
cast on the viewing screen or photographic plate a mag 
ni?ed shadow, the degree of magni?cation of such shadow 
depending on the vertical orientation or" the ring 21 within 
the drift space. Since the ring is disposed downstream of 
the lowermost electron lens, however, this magni?cation 
will not be large. 

In a typical embodiment of the invention, the shadow 
cast on the photographic plate 12 by the ring 21 was mag 
ni?ed 4.01 diameters with respect to the ring itself. (As 
will be readily understood by skilled readers, the magni?— 
cation of the ring shadow is not a?ected by the controls 
which govern the magni?cation of the specimen imag 
since the ring is situated downstream of the electron-optics 
system.) 
The ring 21 may be machined from brass or other ma 

chinable, non-ferromagnetic metal; the mounting bracket 
2dr: need not be integrally formed with the calibration 
ring proper but may be soldered or otherwise joined thereto 
after the ring has been machined. 
_ Fonmost effective utilization of the principles of my 
invention, the rin.0 21 should be so dimensioned that its 
1nncr and outer diameters bear a de?nite mathematical 
relation to one another. In the preferred form of my in 
vention, the ring 21 is so machined that its outer diameter 

is quite precisely equal to V3 times the inner diameter. 
This last-mentioned proportioning of the ring 21 permits 
the highly desirable feature already mentioned whereby 
each calibrated value of magni?cation selectable by means 
of the ring provides an image area for the specimen that 
is double the area afforded by the next lower calibrated 
value of magni?cation. 

In using my ring 21 for calibrating the magni?cation 
of the microscope, a pre-shadowed carbon replica of a dif 
fraction grating of known characteristics is inserted in the 
specimen holder, and its magni?ed image is projected on 
the viewing screen, with the ring 21 in position centrally 
of the electron-drift zone. 
The viewing screen, as is well known to skilled readers, 

is coated with a phosphor which glows visibly under elec 
tron bombardment, to a degree proportional to the beam 
intensity. In consequence, the impingement of the elec 
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tron beam on the screen 11 produces thereon a visible 
image of the specimen, greatly magni?ed. 

In my invention, when the ring 21 is in its operating 
position, the image of the specimen is partially masked 
out by the shadow of the ring. This is illustrated in FIG. 
3, where the specimen is a diffraction-grating replica. 
The magni?ed images of the grating lines are designated 
by the reference numeral 31, and the shadow of the ring 
21 is designated by the reference numeral 41. 

In adjusting the magni?cation controls of the micro 
scope, the magnified image of the grating is kept under 
observation, and the magni?cation of the instrument is de 
termined by noting the number of spacing intervals be 
tween grating lines that are included within either the 
outer diameter or the inner diameter of the ring shadow 
41. 

In FIG. 3, the magni?cation of the instrument is such 
that slightly less than six grating spacings are included 
within the outer diameter of the ring shadow 41. Adjust 
ment of the controls to reduce the magni?cation slightly 
would reduce correspondingly the apparent spacing of 
the grating lines and thereby bring the magni?cation to 
a value such that six full spacings would just be included 
within the diameter of the ring shadow. This would 
represent one of the standard magni?cation values de?ned 
by my gauge means. 

Other predetermined values of magni?cation may be 
achieved by adjusting the controls so that the ring-shadow 
diameter just includes other integral numbers of grating 
spacings, it being understood that one set of magni?ca 
tion values is de?ned by the outer diameter of the ring 
shadow 41 and another set, related to the ?rst set by the 

factor \/_2_; is de?ned by the inner diameter of the ring 
shadow 41. 
The dimensions of the ring 21 may be determined by 

the following equations: 

O.D.=the outside diameter of the gauge ring 
I.D.:the inside diameter of the gauge ring 
N :the integral number of grating-line spacings to be in 

cluded within the outer diameter of the gauge ring at 
some predetermined value of magni?cation 

M :such predetermined value of magni?cation 
Szthe spacing between adjacent lines of the diifraction 

grating 
M’zthe magni?cation of the gauge-ring shadow on the 

viewing screen 

In the embodiment of my invention already mentioned, 
wherein M’ equalled 4.01 diameters, I used a grating 
replica marked with 28,800 lines per inch and let N equal 
unity at the highest value of magni?cation desired, which 
was 32,000X. 
Under these conditions, using the formulas given, I 

calculated that the outer diameter of the gauge ring 
should be 0.277 inch and the inner diameter 0.196 inch. 

In that embodiment of the invention, standard values 
of magni?cations were provided by the gauge ring as 
follows: 

No. of Grating 
spacings In 

cluded in 0.1). 

N0. of Grating 
Spacings In 
cluded in 1.13. 

Magni?cation 
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The practical value of my invention as herein dis 
closed has been strikingly demonstrated in the labora 
tory. An electron microscope modi?ed to embody the 
invention can be adjusted within a few minutes to any 
of the standard magni?cations de?ned by the calibrating 
ring, with calibration errors almost never exceeding 2% 
and frequently less than 1%. 

It will of course be understood that, after the instru 
ment has been adjusted to the magni?cation desired, the 
calibrating ring 21 is moved out of the way, so that its 
shadow is no longer superimposed on the magni?ed 
image of the specimen. 

While I have in this speci?cation described in con 
siderable detail a typical embodiment of my invention, it 
is to be understood that this description is intended to be 
illustrative rather than limiting. The scope of my inven 
tion is to be measured primarily by reference to the ap 
pended claims. 

I claim: 
1. In an electron microscope having an electron-optics 

system from which a focused electron beam is projected, 
an image-receiving object such as a photographic plate, 
and a housing de?ning an electron drift space between 
said system and said object, the improvement which com~ 
prises an electron-opaque circular gauge element mounted 
in said housing and movable between an operating posi 
tion in the path of said beam and a retracted position out 
side said beam, and means for moving said element to 
place said gauge element in either of said positions, the 
gauge element in its operative position being effective to 
cast a shadow on the image-receiving object suitable for 
use in calibrating the microscope magni?cation by com 
parison of the shadow size with the size of a magni?ed 
standard image projected on the image-receiving object 
by the electron beam. 

2. The apparatus de?ned in claim 1 wherein said gauge 
element comprises a ring-shaped portion having an outer 
diameter and an inner diameter of predetermined dimen 
sions. 

3. The apparatus de?ned in claim 2 wherein the ratio 
of said outer diameter to said inner diameter is substan 
tially equal to V2: 

4. The method of calibrating the magni?cation of an 
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electron microscope which comprises the steps of using 
as a specimen a diffraction-grating replica providing a 
plurality of parallel lines of uniform predetermined spac 
ing, projecting a magni?ed image of such specimen, inter 
posing in the path of such projection a circular gauge 
member of known dimensions, whereby the shadow of 
said gauge member is superimposed on the projected 
image of said specimen, and adjusting the magni?cation 
controls of the microscope until the diameter of said 
gauge-member shadow includes a predetermined integral 
number of spaces between said parallel lines. 

5. The method of calibrating the magni?cation of an 
electron microscope which comprises the steps of using as 
a specimen a diffraction-grating replica providing a plu 
rality of parallel lines of uniform predetermined spacing, 
projecting a magni?ed image of such specimen, inter 
posing in the path of such projection a circular gauge 
member comprising a ring-shaped portion having an outer 
diameter and an inner diameter of predetermined di 
mensions, whereby the shadow of said ring-shaped por 
tion is superimposed on the projected image of said 
specimen, and adjusting the magni?cation controls of the 
microscope until the shadow of one of said diameters 
embraces within its limits a predetermined integral num 
ber of spaces between said parallel lines. 

6. The method de?ned in claim 5 wherein the ratio of 
said outer diameter to said inner diameter is substantially 

equal to V2‘: said method including the further step of 
changing the magni?cation of the electron microscope 
by adjusting said magni?cation controls until the integral 
number of spaces formerly embraced within the shadow 
of one of said diameters is embraced within the shadow 
of the other of said diameters, thereby changing by a 
factor of two the area of said magni?ed image. 
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