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(571 ABSTRACT

A method of and apparatus for attaining the focusing
following a variation in the magnification in.an elec-
tron microscope having an image producing lens
system consisting of three or more lenses or generally
n lenses including at least an objective lens, an inter-
mediate lens and a projective lens. Means are pro-
vided in the apparatus so that, when the value of ex-
citation current for the magnification. varying lens is
varied to vary the magnification, the excitation cur-
rent supplied to the focus adjusting lens can be set at a
value corresponding to the variation in the magnifica-

. tion, whereby the focusing following the variation in

the magnification by the magnification varying lens as
well as the adjustment of the intensity of illumination
can be achieved by a single regulating operation.

8 Claims, 7 Drawing Figures
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METHOD OF AND APPARATUS FOR ATTAINING
. FOCUSING FOLLOWING VARIATIONIN
MAGNIFICATION IN ELECTRON MICROSCOPE

BACKGROUND OF THE INVENTION

1. Field of the Invention C

This invention relates to electron lens systems o
electron microscopes. More particularly, it relates to a
method and apparatus for attaining the focusing and
adjustment of the intensity of illumination in response
to a variation in the magnification when the magnifica-
_ tion is varied by varying the value of excitation current
supplied to the magnification varying lens in an elec-
tron microscope. ' :

2. Description of the Prior Art

In an electron microscope, the magnification must be
suitably varied for the observation of various kinds of
specimens or for the observation of those specimens
under various states. The manipulation for the varia-
tion in the magnification in an electron microscope in-
cludes varying the value of excitation current supplied
to the magnification varying lens for varying the mag-
nification and then varying the value of excitation cur-
rent supplied to the focus adjusting lens for attaining
the focusing thereby to produce an enlarged image ofa
specimen on a final image screen. In the  electron
microscope, the intensity of illumination of the final
image must be kept constant since the intensity of illu-
mination of the image varies in inverse proportion to
the square of the magnification with an increase or
decrease in the magnification. =

By way of example, in an electron microscope having
a three-stage image producing lens system consisting of
an objective lens, an intermediate lens and a projective
lens, the intermediate or projective lens acts as the
magnification varying lens, while the objective lens acts
as the focus adjusting lens. Heretofore, a microscopist
has-manually adjusted the value of excitation current
supplied to the focus adjusting lens and condenser lens
while observing the final image produced on the
fluorescent screen.
~ However, such a focusing system has been defective
in that an elongated period of time is required for the
focus adjusting manipulation and, since the specimen is
exposed to the electron beam for such a long period of
time, the surface of the specimen is damaged to such an
extent that it is no longer possible to observe the
specimen under ordinary conditions. This defect has
been especially marked in the case of a specimen such
as a high molecular compound which is easily affected
by heat. Further, it has beén very difficult with the prior
art focusing system to attain the focusing following a
variation in the magnification in the case of observation
of a specimen such as a piece of tissue with a so-called
low magnification of the order of several thousand
times or less, and the manipulation for the proper
ffocusing has required an elongated period of time.
‘Thus, this defect has aggravated the above-described
defect. '

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a novel method of attaining the focusing fol-
lowing a variation in the magnification in an electron
microscope which overcomes the defects described
above, and an apparatus for carrying out such a
'method. ‘
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Another object of the present invention is to provide
an apparatus for attaining the focusing following a
variation in the magnification in an electron
microscope in which means are provided so that, when
the value of excitation current supplied to the magnifi-
cation varying lens is varied to vary the magnification,
the excitation current supplied to- the focus adjusting
lens can be set at a value corresponding to the above
variation in the magnification to attain the focusing in
simultaneous relation with the manipulation for the
variation in the magnification, and at the same time,
the excitation current supplied to the condenser lens
can also be set at the value corresponding to the above

_variation in the magnification to adjust the intensity of

illumination, whereby the variation in the magnifica-

‘tion can be always carried out in the state in which the

focusing is properly attained and the intensity of illu-
mination is completely adjusted.

A further object of the present invention is to pro-
vide an electron microscope having an image produc-
ing lens system consisting of three or more lenses or
generally n lenses including at least an objective lens,
an intermediate lens and a projective lens, in which
means are provided to set the excitation current sup-
plied to the focus adjusting lens at a value correspond-
ing to a variation in the value of excitation current sup-
plied to the magnification varying lens so that the
focusing following the variation in the magnification
can be carried out by a single regulating operation
thereby to eliminate the troublesome manipulation in-
volved in the handling of the electron microscope.

A yet further object of the -present invention is to
provide, in-an electron microscope having an image
producing lens system consisting of three or more len-
ses or generally n lenses including at least an objective
lens, an intermediate lens and a projective lens, a
method of varying the magnification of the electron
lens comprising fixing the focal length of the inter-
mediate lens and varying the value of excitation current
supplied to the lens or lenses disposed in the stage or

‘stages lower than the intermediate lens for carrying out

the variation in the magnification. .

A still further object of the present invention is to
provide, in an electron microscope having an image
producing lens system consisting of three or more len-

‘ses or generally n lenses including at least an objective

lens, an intermediate lens and a projective lens, a
method and apparatus for varying the magnification of
the electron microscope in which the value of excita-

tion current supplied to the intermediate lens is varied

stepwise while the value of excitation current supplied
to the lens or lenses disposed in the stage or stages
lower than the intermediate lens is continuously varied
at a portion corresponding to the stepped portion of the
intermediate lens excitation current so as to carry out
the variation in the magnification.

A common object of the present invention is to pro-
vide a novel method of varying the magnification of an
electron microscope and an apparatus capable of at- '
taining the focusing following the variation in the mag-
nification by a single regulating operation in simultane-
ous relation with the above variation in the magnifica-
tion.

Other objects, features and advantages of the present
invention will be readily apparent from the following
detailed description taken in conjunction with the ac-
companying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view showing the relative
position of electron lenses and the positional relation
between image planes in an electron microscope hav-
ing a four-stage image producing lens system consisting
of an objective lens, an intermediate lens, a first projec-
tive lens and a second projective lens. .
FIG. 2 is a block diagram of an embodiment of the
present invention having interlocking control means
for the simultaneous control of the values of excitation
current: supplied to electron lenses in an electron
microscope having an image producing lens system
consisting of four or more lenses or generally n lenses

"including at least -an objective lens, an intermediate
_lens, a first projective lens and a second projective lens.
FIG. 3 is a graph showing the relation between objec-

4

and the principal plane 2 of the objective lens Oy, and
the distance between the principal plane 2 and the
image forming plane 3 of the objective lens O, respec-
tively. Suppose further that fj, a;, by, fe1, @p1, bpy; and

5 fpa, apa, bpy are those of the intermediate lens Iy, first

15

tive lens excitation current and-intermediate lens. ex- -

citation current when, in an electron microscope hav-
ing an image producing lens system consisting of three
or more lenses or generally n lenses including at least
an objective lens, an intermediate lens and a projective
lens, the value of excitation current supplied to the
electron lens or lenses disposed in the stage or stages
lower than and including the projective lens is kept
constant. : . o
FIG. 4 is a graph showing the manner of variation in
the values of excitation current supplied to electron
lenses for illustrating an embodiment of the method of
varying the magnification according to the present in-
vention when it is applied to an electron microscope
having a four-stage image producing lens system con-
_sisting of an objective lens, an intermediate lens, a first
_projective lens and a second projective lens. ]
FIG. 5 shows a modification of the embodiment
shown in FIG. 2. ‘
FIGS. 6 and 7 are modifications
" bodiment shown in FIG. 5.

' DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The relative position of electron lenses and the posi-
tional relation: between.image planes in an electron
microscope having a four-stage image producing lens
system consisting of an objective lens, an intermediate
lens, a first projective lens and a second projective lens
will be described with reference to FIG. 1. In FIG. 1, a
specimen to be observed is designated by the reference
numeral 1. The objective lens O, has a principal plane

"2 and an image forming plane 3. The intermediate lens
! I, has a principal plane 4 and an image forming plane
5. The image forming plane 5 of the intermediate lens
Int corresponds at the same time to the object plane for
the first projective lens P, disposed in the next stage.
The first projective lens P has.a principal plane 6 and
an image forming plane 7. The image forming plane 7
of the first projective lens P, corresponds at the same
time to the object plane for the second projective lens
P, disposed in the next stage. The second projective
lens P, has a principal plane 8 and an image forming
plane 9. Generally, a fluorescent screen for the image
observation-or the emulsion surface of a photographic
blate or film is disposed at the image forming plane 9 of
the second projective lens Ps. ' .
Suppose that f;,.a, and b, are the focal length of the
objective lens Oy, the distance between the specimen 1

of parts of the em-
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projective lens P, and second projective lens P, respec-
tively, and u, v and w are the distances between the
principal planes of the four lenses. Then, the following
equations hold: ‘ '

“1ao+ /b, = 1/f, '

1/a;+ 1/b;=1/f; 2)
Vapy+ 1/bpy=1/fp1 - 3)
l/apy+ 1/bps= 1Ufp2 (4)
at+b,=u 5
aptby=v (6)

apyt+bp=w @]
Suppose further that My, M;, Mp; and Mp, are the mag-
nification of the objective lens O,;, that of the inter-
mediate lens I, that of the first projective lens P, and
that of the second projective lens P,, respectively.
Then, the total magnification My is given by

My=byfa, X bi/a; X bpilapy X bpzlaps

=M, M;" Mp, Mp,

In the electron microscope, the variation in the mag-
nification is generally carried out by varying the value
of excitation current supplied to the intermediate lens
I, thereby varying the focal length f; of the inter-
mediate lens I, that is, by shifting the position of the
object plane 3 for the intermediate lens I,. More
precisely, when the distance a; is varied to a, + a4, the
magnification of the intermediate lens I, is now given
by M, = b;/(a; + o), and the magnification of the ob-
jective lens O; is given by M, = (b, — a;)/a,. Thus, the
magnification at the portion including the objective
lens Oy; and the intermediate lens I, is varied from
MD-MI to Mo"MII (bo - a,)/a,, : b,/(a, + a,). However,
due to the fact that the image forming plane 3 of the -
objective lens O,y is shifted by —ay, the image would be
out of focus unless the focal length f, of the objective
lens Oy, is -varied correspondingly provided that the
distance a, is fixed.

Thus, with the system described above, the variation
in the magnification by the intermediate lens results in
blurring -of the image, and therefore, the value of ex-
citation current supplied to the objective lens must be *

"adjusted for attaining the proper focusing each time the

magnification is varied. Modern electron microscopes
have a widened range of variation in the magnification.
In such an electron microscope, the focusing operation
‘must be done quite frequently and a lot of time is
required . for the . focusing = operation, resulting in
troublesome and inconvenient handling of the electron
microscope. Other drawbacks involved in the prior art
system include damage to the specimen due to expo-

_sure to the electron beam for a long period of time.

With a view to overcome the above drawbacks, the
present invention contemplates the provision of an
electron microscope which is provided with means for
setting the excitation current supplied to the focus ad-

~ justing lens at a value corresponding to a variation in

65

the magnification in simultaneous relation with the
variation in the magnification by the magnification

“varying lens. The present invention contemplates also

the provision of a novel method of carrying out the
variation in the magnification.
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The method of varying the magnification according
to the present invention will be described in detail
hereunder.

1. At first, the variation in the focal length f, of the
objective lens O,; when the magnification is varied
by varying the value of excitation current supplied
to the intermediate lens I, in the relative position
shown in FIG. 1 will be discussed. In this case, the
focal length f; of the intermediate lens I, is solely
subject to variation. Thus, the focal lengths fp, and
fpo are fixed and the distances a,, a;, ap;, bpy, ap,
and bp, are kept constant. The total magnification
M in this case is given by

Mp=M, M;  Mp," Mp,

- =(bola,) " (bilas) - (bpi/apy) - (bpyaps)

- =K, (bo/a;)
where Ky = (b,/a,) - (bpi/ap;) - (bpglap,).
Substituting a; and b, in the equation (8) by those ob-
tained from the equations (2) and (5), My is expressed
as

(8)

=Ky [u(bf1) = bifi/blify
The focal length f, is sought from the equatlon (9) as

9

s ub1 ubr
= K+ KM
u-l—bl-l—kIMT 3+ KMy (10)
where u+b =K, and b;/K,=Kj,. From the equation (1), f,
is given by
f;’ = aabo(ao + bo)

Thus, from this equation-and the equations (2) and (5),
fois expressed as

fo

_ aofubi—(utbnf)
" (ao+u)bi— (@o+u-+bi)fr
Substituting f; in the equation (11) by that in the equa-
tion (10), f, is expressed as
- N K;;MT
= et u) KMyt agbr

(11)

Qo

fo ks

‘ atutart (12
The equation (12} is differentiated with M, to find the
variation Af, of f, when f; is varied to vary M;. The
result is given by

(Afo)n= (Kiu) " f* My AMy (13)
The above equation represents the variation Af, of the
focal length f, of the objective lens O when the total
magnification is varied by AMy by varying the value of
excitation current supplied to the intermediate lens I,

2. The next discussion is directed to the case in which
the magnification is varied by varying the value of ex-
citation current supplied to another lens, for example,
the first projective lens P, instead of the intermediate
lens I,... In this case, the focal length f5, is solely subject
to variation. Thus, the focal lengths f; and fp, are fixed
and the distances a,, bp,, ap; and bp, are kept constant.
The total magnification My in this case is given by

My = MyMyMpyMpy = (bolag)(bias)(bpiap,) (b

palaps)
=ky(bo/as;)(bilap) =k

z‘(bm/ao “bpafaps

(u—aila)) (v—apifap) (14)

where k;

From the equations ( 1) fhrough (7), Mris expressed as

luv— (u+v)f1}be
_ MT=JCI_ C—lw—(uto)fit u+f1)bm}f1>1
f1bpt fer .
_kzbm”‘ (ks t-ke) fr1
h ksfe1 (15)
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6

where uv—(u+v)f=K,, (u—f)bpy=k, and fy'bp,/h, = k.
The focal length fp, is sought from the equation (15) as

Sor=kabp [ (ke + ky+ ksM7) (16)
The focal length f, is given by

—a koabpy— (kz--k4) fe1
T (ot Fk2) bpy— [ a0 (0 +bp1) g HRal e

aob,

Jo=G.Fb,

Substituting fp; in the above equation by that in the
equation (16), f, is expressed as

fma Jegy My
077 gy (vks—bpiks) + (aov +E2) ks Mt

i

1
a ukl

gy tkat-p

=a°k2
17

The equation (17) is differentiated with M to find the
variation Af, of f, when M is varied by varying fp,. The
result is given by

(Afo)fp‘v‘_‘(kl/hz)'uf;zz'MT'z'AMT (18)
The above equation represents the variation Af, of the
focal length f, of the objective lens O,; when the mag-
nification is varied by varying the value of excitation
current supplied to the first projective lens P,.

3. The ratio between the equations (13) and (18) is
sought to seek the ratio between the variations Af, of
the focal length f, of the objective lens O,; when the
magnification is varied to the same value.

For the sake of simplicity, it is assumed that u =~ v
and (bp,),Pl =~ (b,),Pl since such conditions hold in
most cases.

I_g_l f2-Mr2. AMy

(Afo)ix _1
(afo) fpl . uf M2 AM ¢ w ky !
uy— (u+v) '(fI)fpl. o (br) 1y (Bp1) ¢ (M)
u? (be1) 1py-@or (@P1) g r/ it
The above equation can be simplified as
(Afo) ey 2(f1)fp1
m<¢1 < (Mpy) gy (19)

when u = v, fp; is constant and (bp,);, = (bpy)s,,- Since
the focal length f; of the intermediate lens I, is used in
the range in which it is smaller than u and the relation f;
<< u holds at a high magnification, the following equa-
tion can be obtained:

(Afo) iI
(Afo) fpg (20)

The above equation shows the fact that, when the mag-
nification is varied by varying the focal length f; of the
intermediate lens I,, the variation Af, of the focal
length f, of the objective lens O is greater by the mag-
nification of the first projective lens P; than when the
magnification is varied by varying the focal length fp; of
the first projective lens P,.

In other words, the above equation implies that the
variation f, in the focal length f, of the objective lens
for the variation in the magnification is smaller when
the magnification is varied by varying the focal length
fpy Of the first projection lens than when the magnifica-
tion is varied by varying the focal length f; of the inter-
mediate lens. The ratio between the two cases is about
1/Mp,. Ordinarily the value of Mp, is 10 to 20. Con-
sequently, when the magnification is varied by varying
the focal length fp; of the first projection lens, the

(MPl)lI
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image falls within the depth of focus of the objective
lens O, to become a focused or distinct image even
without varying the focal length f, of the objective lens.

This applies also to an electron microscope having a
three-stage image producing lens system consisting of
an objective lens, an intermediate lens and a projective
lens. In this case too, the variation in the magnification
can be carried out in a substantially sharply focused

‘state by varying the magnification by the projective
lens while fixing the value of excitation current sup-
plied to the intermediate lens.

However, the variation in the magnification solely by
the first projective lens is not practical because its mag-
nification varying range is narrow.

In such a case, as will be described later with
reference to FIG. 4, the entire magnification range of
the electron microscope is divided into N sections, at
the boundaries of which the excitation current of the
intermediate lens is varied discontinuously, but within
each of which it is kept constant. Within each section
the excitation current of the lens of a subsequent stage
to the intermediate lens; that is, of the first or-second
projection lens is finely varied so that the magnification
is varied without a substantial variation in the focal
length f, of the objective lens, that is, in the substan-
tially focused state.

In order to keep the focal length of the objective lens
substantially constant irrespective of the variation in
the magnification, the variation in the excitation cur-
rentof the objective lens corresponding to the variation
in the excitation current of the intermediate lens, which
has been calculated or measured in advance, is im-
parted to the excitation current of the objective lens in
coordination with the switching of the excitation cur-
rent of the intermediate lens. In this manner the mag-
nification can be varied over its entire range in a sub-
stantially focused state.

The above description has referred to the method of
varying the magnification of an electron microscope
having a three-stage image producing lens system con-
sisting of an objective lens, an intermediate lens and a
projective lens.

FIG. 2 is-a block diagram of means for controlling
the excitation current supplied to electron lenses in-an
electron microscope having an image producing lens
system consisting of four lenses or generally n lenses in-
cluding at least an objective lens, an intermediate lens,
a first projective lens and a second projective lens. As
for the means for controlling the excitation current
supplied to electron lenses in an electron microscope
having a three-stage image producing lens system, the
case in which the excitation current supplied to the len-
ses disposed in the stages lower than the third stage is
fixed at a predetermined value in FIG. 2 may be con-
sidered.

Referring to FIG. 2, the reference numerals 20, 21,
22 and 23 designate an objective lens excitation cur-
rent control system, an intermediate lens excitation
__current control system, a first projective lens excitation
current control system, and a second projective lens ex-
citation current control system, respectively. The
reference numeral 24 designates generally an nth pro-
jective lens excitation current control system. The elec-
tron lens control systems 20,21, 22, 23 and 24 are sup-
plied with current from a common stabilized power
supply 28.
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The objective lens excitation current control system
20 includes an objective lens coil Oy, 2 detecting re-
sistor R, for detecting the excitation current flowing
through the objective lens coil Oy, a voltage-dividing
resistor R,’ for the detecting resistor R,, an error ampli-
fier D, such as a balanced DC amplifier for detecting
and amplifying the difference between a voltage de-
tected .by the voltage-dividing resistor R," and a
reference voltage Vp,, and an output control means C,
which is controlled by the output from the amplifier D,
for controlling the excitation current flowing through
the coil O, The lens excitation current flowing
through the objective lens coil Oy, is converted into a
voltage by the combination of the current detecting re-
sistor R, and the voltage-dividing resistor R,’, and the
difference between this voltage and the reference volt-
age Vp, is detected and amplified by the error amplifier
D,. The output from the error amplifier D, is supplied
to the output control means C, for stabilizing the cur-
rent flowing through the excitation coil O;. That is, the
lens excitation current is maintained at a predeter-
mined value depending on the value of the detecting re-
sistor R,. The setting of the lens excitation .current
flowing through the objective lens coil Oy can be
varied by varying the resistance of the detecting re-
sistor R, or the voltage division ratio of the voltage-
dividing resistor R,’. In the present embodiment the
value of the excitation current flowing through the ob-
jective lens coil Oy s varied by varying the voltage divi-
sion ratio of the voltage-dividing resistor R,’ connected
in parallel with the detecting resistor R,. For this pur-
pose, the voltage-dividing resistor R,’ may have a varia-
ble resistance so that it may be varied continuously or
the voltage-dividing resistor R,’ may be divided. step-
wise as shown in FIG. 2 so that its resistance may be
changed over by a changeover switch 30,.

The operation of the remaining electron lens excita-
tion current control systems 21, 22, 23 and 24 is similar
to the operation of the objective lens excitation current
control system 20, and suffixes I, P, P, and P, are at-
tached to the corresponding compenents of the inter-
mediate lens excitation current control system 21, first
projective lens excitation current control system 22,
second projective lens excitation current control
system 23, and nth projective lens excitation current
control system 24, respectively.

The variation in the values of excitation current in
the electron lens excitation current control systems is
carried out by an interlocking change-over means 40
such as a rotary switch which changes over the voltage
division ratios R’ of the detecting resistors which are
preset to supply required current values in a fixed rela-
tionship with each other. As an example, when the ex-
citation currents for the electron lenses disposed in the
stages lower than and including the first projective lens
P, are kept at respective fixed values and the focal
length f; of the intermediate lens I, is varied to vary the
magnification of the electron micriscope shown in FIG.
2, a corresponding variation Af, of the focal length f, of
the objective lens O,y will be as shown in the equation
(13). It is known that the focal length of a magnetic
lens generally varies in inverse proportion to the square
of the excitation current. Suppose, in this case, that I,
and I, are the excitation current for the objective lens
0,, and the excitation current for the intermediate lens
I, respectively. Then, the following equation is
derived from the equation (12):
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12=Cy + [1/(CoI? + C5)] (20
where C,, C;, and C, are constants. This relation is illus-
trated in FIG. 3.

Therefore, the voltage division ratio of the voltage-
dividing resistor R,’ for the detecting resistor R, in the
intermediate lens excitation current control system 21
and the corresponding voltage division ratio of the volt-
age-dividing resistor R,’ for the detecting resistor R, in
the objective lens excitation current control system 20
may be determined on the basis of the relation between
the intermediate lens excitation current I; and the ob-
jective lens excitation current I, shown in FIG. 3, and
the change-over switches 30, and 30, for the change-
over of these voltage division ratios may be mechani-
cally coupled to each other by the interlocking change-
over means 40 as to attain the focusing following the
variation in the magnification by a single regulating
operation. The interlocking change-over means 40 may
be disposed between the objective lens excitation cur-
rent control system 20 and the intermediate lens excita-
tion current control system 21 or it may be arranged to
simultaneously control the values of all the electron
lens excitation currents as shown in FIG. 2. In this latter
case, the change-over of the values of excitation cur-
rent for the lenses disposed in the stages lower than the
intermediate lens I, may be such that the excitation
currents are kept at the same values in spite of change-
over of the steps for varying the voltage division ratio of
the voltage-dividing resistors R’. For example, the
change-over steps may be connected to the same volt-
age-dividing point so as to show the same resistance.

A condenser lens excitation current control system
26 is so arranged that the excitation current for a con-
denser lens coil C is set at a value corresponding to the
variation in the value of excitation current for the inter-
mediate lens coil O, in the intermediate lens excitation
current control system 21 in order to adjust the intensi-
ty of illumination of the image following the variation
in the magnification. Since the intensity of illumination
of the final image can be kept always constant in spite
of the variation in the magnification, photographing,
especially continuous photographing can be done
without any fear of underexposure or overexposure.

The above description has referred to the simultane-
ous control means for the electron lens excitation cur-
rents on the basis of the discussion given in paragraph
1.

The following description is directed to a method
and apparatus for varying the magnification on the
basis of the discussion given in paragraphs 2 and 3.

FIG. 4 is a graphic illustration of one form of the
method of varying the magnification in an electron
microscope having a four-stage image producing lens
system consisting of an objective lens Oy, an inter-
mediate lens I, a first projective lens P, and a second
projective lens P,. In FIG. 4, the horizontal and vertical
axes represent the magnification and the lens excitation
‘current, respectively. As will be apparent from FIG. 4,
the value of excitation current for the intermediate lens
I, is varied stepwise and the value of excitation current
for the first projective lens P, or second projective lens
P, is varied continuously or stepwise at portions cor-
responding to the stepped portions of the intermediate
lens excitation current for varying the magnification.
Points bearing the marks  on the characteristic curves
for the first and second projective lenses P, and P,
represent the current values varied stepwise.
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In the magnification range A of from 600 to 3,000
times, the values of excitation current for the inter-
mediate lens I, and first projective lens P, are fixed at
about 2.17A and 0.83A, respectively, while the value
of excitation current for the second projective lens P, is
varied continuously or discontinuously (stepwise) from
about 2.67A to 4.17A. Py, Py, . . . Pyg represent the
stepwise varying values of excitation current for the
second projective lens Py, and Py, Poy, . . . Pog represent
the settings of excitation current for the objective lens
0, corresponding to the stepwise varying values of ex-
citation current for the second projective lens P,.

Therefore, the voltage division ratios of the voltage-
dividing resistors R’ for the detecting resistors R in the
respective electron lens excitation current control
systems may be set to have a relation as described
above and these voltage-dividing resistors may be
mechanically coupled to each other by the interlocking
change-over means 40 shown in FIG. 2. The above ar-
rangement applies also to the magnification ranges
described below.

In the magnification range B of from 3,000 to 30,000
times, the values of excitation current for the inter-
mediate lens I, and second projective lens P, are kept
constant, while the value of excitation current for the
first projective lens P, is varied continuously or step-
wise. In this range, the value of excitation current for
the objective lens O is varied in a manner as shown.

In the magnification range C of from 30,000 to
300,000 times, the values of excitation current for the
intermediate lens I, and second projective lens P, are
kept constant, while the value of excitation current for
the first projective lens P, is varied continuously or
stepwise. In this range, the value of excitation current -
for the objective lens Oy is varied in a manner as
shown.

It will be apparent from FIG. 4 that the value of ex-
citation current for the objective lens Oy, is varied step-
wise in a relation similar to the stepped variation of the
value of excitation current for the intermediate lens I,
but the variation in the value of excitation current for
the objective lens Oy, at the portions corresponding to
the stepped portions of the excitation current for the
intermediate lens I, is very little compared with the
variation in the value of excitation current for other
electron lenses. :

It will be understood that the variation in the mag-
nification according to the so-called Zoom lens system
can be carried out by an arrangement in which the
values of excitation current for the respective electron
lenses are varied in a relation as shown in FIG. 4 and an
interlocking change-over means 40 as shown in FIG. 2
is used for the simultaneous control of the variation of
these current values.

While the above description has referred to the case
of varying the values of excitation current by varying
the resistances of the detecting resistors or the voltage
division ratios of the voltage-dividing resistors in the
respective excitation current control systems, such may
be carried out by varying the voltage value of the
reference voltage source Vp.

Another embodiment of the present invention in
which the value of reference voltage is varied to vary
the value of excitation current will be described with
reference to FIG. 5. Although a three-stage image
producing lens system consisting of an objective lens
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O,;, an intermediate lens 1, and a projective lens Pis
shown in FIG. 5 by way of example, it will be apparent
for those skilled in the art that the present embodiment
is also applicable to an n-stage lens system. The suffixes
0, 1and P are-attached to components belonging to ex-
citation current control systems 200, 210 and 220 for
the objective lens Oy, intermediate lens I, and projec-
tive lens P, respectively. The reference numerals 50
and 60 designate a source of reference voltage and a
voltage-dividing resistor group, respectively, which are
common to the electron lens excitation current control
systems 200, 210 and 220. A change-over means §, for
the objective lens excitation current control system 200
includes a change-over switch 70, and a plurality of sta-
tionary contacts Oy, Oy, .. . O A change-over means S
for the intermediate lens excitation current control
system 210 includes a change-over switch 70, and a
plurality of stationary centacts I, I, . . . ;. Similarly, a
change-over means S, for the projective lens excitation
current control system 220 includes a change-over
switch 70,.and a plurality of stationary contacts P, P,,.
.. P,. The voltage-dividing resistor group 60 has a plu-
rality of voltage-dividing terminals Ty, Ty, . . . Tp-1, Ta
The precision of the setting of the value of excitation
current is different in each electron lens, but a very
high degree of precision is required for every electron
lens. For example, in order to eliminate any fluctuation

in the intensity of illumination of the image as well as in -

the focal point when the magnification is varied in'a
lens system consisting of a plurality of stages, the values
of excitation current must not deviate beyond 0.001
percent in the case of the objective lens and 1 percent
in the case of ‘the condenser and projective lenses.
Therefore, the voltage-dividing resistor group 60 used
for the setting of the current value requires such a
number of resistors which will correspond to the very
finely divided units of the current value and the in-
dividual resistors must also be of high precision. Taking
the above point into consideration, the voltage-dividing
resistor group 60 is composed of a series connection of
n unit resistors having the same rated resistance R, and
the stationary contacts Oy, Oy, . . . Og 1y, I,...I;and
P,; P, . .. P, of the respective change-over means S, S;
and S are connected to the voltage-dividing terminals
corresponding to the desired current settings in a
manner as, for example, shown in FIG. 5. When, for ex-
ample, the change-over switch 70, of the change-over
means S, for the projective lens excitation current con-
trol system 220 is brought into contact with the sta-
tionary contact Py, the input terminals of an error am-
plifier D is connected through the change-over switch
70, and stationary contact P, to the voltage-dividing
terminal Ts of the voltage-dividing resistor group 60
connected to the reference voltage source 50. Thus, a
reference voltage which is 5/n of the voltage V of the
reference voltage source 50 is applied to the error am-
plifier D5. Similarly, a voltage which is any desired divi-
sion of the reference voltage V, can be obtained when
each of the change-over switches 70, and 70, is brought
into contact with a suitable stationary contact. There-
fore, the variation in the magnification can be always
carried -out in a sharply focused state when these sta-
tionary contacts are previously connected to give
respective fixed voltages as described in the first em-
bodiment and the change-over switches 70,, 70, and
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70, are simultaneously changed over by an interlocking
change-over means 40. Two or three of the stationary
contacts in the change-over means S,, S; and Sp are
connected to the same voltage-dividing terminal of the
voltage-dividing resistor group 60 as shown in FIG. 5.
In order to deal with possible fluctuation in the
reference voltage value applied to the error amplifier
D,, D; or Dp when these stationary contacts are con-
nected to the same terminal, the input resistors for the
error amplifiers must -have a sufficiently large re-
sistance. ’

When it is required that the divided voltage of the
reference voltage Vj, applied to the error amplifier has
a more precise value lying intermediate between the di-
vided voltage values appearing at the adjacent ter-
minals T; and Ty, of the voltage-dividing resistor group
60, a series circuit including ten resistors each having a
resistance of 10R may be connected in parallel with the
resistor R lying between the voltage-dividing terminals
T, and T,, as shownin FIG. 6 or a series circuit includ-
ing ten resistors each having a resistance of R/10 may
be connected in series across the terminals T; and Ty,
as shown in FIG. 7. By this arrangement, the excitation
current can be set at a value which is one place higher
in precision than that obtained with the arrangement
shown in FIG. 5.

We claim:

1. In an electron microscope comprising a three-
stage image forming electron lens system consisting of
an objective lens, an intermediate lens and a projection
lens arranged in this order in the direction of an elec-
tron beam axis, and excitation current sources each
connected to each of said electron lenses for supplying
excitation currents thereto and for stabilizing said ex-
citation currents, each of said excitation  current
sources including means for adjusting said excitation
currents; a focusing apparatus comprising means for
mechanically coupling said excitation current adjusting
means to simultaneously control said excitation cur-
rents, so that when the magnification of said electron
microscope is varied by varying the excitation current
of said intermediate lens while keeping the excitation
current, of said projection lens constant, the excitation
current of said objective lens is set at the value com-
pensating for the variation of said excitation current of
said intermediate lens to provide proper focusing.

2. In an electron microscope having a three-stage
image producing electron lens system consisting of an
objective lens, an intermediate lens and a projective
lens which are disposed ‘in the above order in the
direction of the electron beam axis, an apparatus for at-
taining the focusing following a variation in the mag-
nification comprising an excitation power supply con-
nected to each of said electron lenses for supplying ex-
citation current to said electron lenses and stabilizing
the excitation current, each said excitation power
supply including an excitation current control means
for controlling the excitation current flowing through
the lens coil, a detecting resistor for detecting the ex-
citation current flowing through said lens coil, means
for varying the resistance of said resistor, a source of
reference voltage for supplying a reference voltage for
comparison between it and the voltage detected by said
detecting resistor, and an amplifier for detecting and
amplifying the difference between said detected volt-
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age and the voltage of said reference voltage source,
said amplifier having its first input terminal connected
to said detecting resistor, its second input terminal con-
nected to said reference voltage source and its output
terminal connected to said excitation current control
means, and means mechanically coupling said re-
sistance varying means for said detecting resistors in

" said excitation power supplies for the simultaneous

control of the resistances of said detecting resistors so
as to set the excitation current for said objective lens at
a value corresponding to a variation of the value of ex-
citation current for said intermediate lens when the
value of excitation current for said intermediate lens is
varied while maintaining the excitation current for said
projective lens at a constant value. ‘

3. An apparatus for effecting focusing dependent
upon the variation in magnification of an electron
microscope, comprising: an electron source for
producing electrons; an irradiation electron lens system
including a plurality of condenser lenses for converging
said electrons into an electron beam to direct said elec-
tron beam to a specimen; a three-stage image forming
electron lens system consisting of an objective lens, an
intermediate lens and a projection lens; excitation cur-
rent sources each connected to each of said lenses for
supplying excitation currents thereto and for stabilizing
said excitation currents, each of said excitation current
sources including means for adjusting each respective
excitation current; and . means for mechanically
coupling said excitation current adjusting means to
simultaneously control said excitation currents, so that
when the magnification of said electron microscope is
varied by varying the excitation current of said inter-

‘mediate lens while keeping the excitation current of

said projection lens constant, the excitation current of
said objective lens is set at the value compensating for
the variation of said excitation current of said inter-
mediate lens to provide proper focusing necessitated by
the variation in the magnification and at the same time
the excitation currents of said condenser lenses are set
at the values corresponding to the variation of said
magnification to adjust the brightness dependent upon
said variation in magnification.

4. In an electron microscope comprising a three
stage image forming electron lens system including an
objective lens, an intermediate lens, and a projection
lens arranged sequentially in the direction of the elec-
tron beam axis, and excitation sources connected to
each respective electron lens for supplying excitation
currents thereto and for stabilizing said excitation cur-
rents, each of said excitation sources including means
for adjusting said excitation currents, an improved
focusing apparatus comprising:

control means, coupled to each of said current

sources and said lenses, for simultaneously main-
taining the excitation current of said projection
lens constant,

for varying the excitation current’ of said inter-

mediate lens, and

for adjusting the excitation current of said objective

lens to a predetermined value to provide proper
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focusing in response to said variation of the excita-
tion current of said intermediate lens, wherein
each of said excitation sources comprises a power

supply, a switching transistor connected between
said power supply and a respective electron deflec-

tion element associated with each lens and a con-
trol circuit responsive to said control means for ap-
propriately energizing said switching transistor to
control the flow of current to said deflection ele-
ment, and wherein

said deflection element comprises a lens coil and
wherein said control circuit comprises a voltage
dividing circuit, connected to said lens coil, and a
differential amplifier having one input connected
to a respective source of reference potential and
another input adjustably connected to said voltage
dividing circuit, the output of said differential am-
plifier being connected to control the operation of
said switching transistor.

5. An improved focusing apparatus according to
claim 4, wherein said control means further includes a
mechanically ganged switching arrangement having
respective switches connected between each voltage
divider and the corresponding input to each of said dif-
ferential amplifiers.

6. A method of varying the magnification of an elec-
tron microscope having a four-stage image forming
electron lens system consisting of an objective lens, in-
termediate lens, and first and second projection lenses
arranged in this order in the direction of an electron
beam axis, excitation current sources each connected
to each of said electron lenses for supplying an excita- -
tion current thereto and for stabilizing said excitation
current, each of said excitation current sources includ-
ing means for adjusting said excitation current, and
means for mechanically coupling said excitation cur-
rent adjusting means to simultaneously control said ex-
citation currents in a predetermined relation
therebetween, comprising the steps of:

a. dividing the entire magnification range into a plu-
rality of sections and varying the excitation current
of said intermediate lens discontinuously at the
boundaries of said sections while keeping said ex-
citation current of said intermediate lens constant
within each section;

b. varying the excitation current of one of the elec-
tron lenses disposed downstream of said inter-
mediate lens within said each section to vary the
magnification of said electron microscope; and

c. keeping the excitation current of said objective
lens, within said each section, substantially con-
stant at a-value compensating for the variation of .
the excitation current of said intermediate lens.

7. A method of varying the magnification of an elec-
tron microscope according to claim 6, in which said
one electron lens of the step-(b) is said first projection
lens.

8. A method of varying the magnification of an elec-
tron microscope according to claim 6, in which said

‘one electron lens of the step (b) is said second projec-

tion lens. .



