
, ‘ X ‘ mm, 3 m 
$19M - w 

Nov. 30, 1965 KEN—JI KAZATO ETAL 3,221,133 
ELECTRON MICROSCOPE WITH MEANS FOR TREATING 

AND OBSERVING SPECIMENS 
Filed April 2, 1963 9 Sheets-Sheet l 

l 

4 

\\\\ Ill 
“\ [If ‘m 2 

\\ I’ 

I, 3 
5 v 

6 

/ 7 

8 

9 

IO 



NOV- 30, 1965 KEN-JI KAZATO ETAL 3,221,133 
ELECTRON MICROSCOPE WITH MEANS FOR TREATING‘ 

AND OBSERVING SPECIMENS 
Filed April 2, 1963 9 Sheets-Sheet 2 

E 8'8 

'9 2o 
/ I 

V///// / / // // / //////4 

F 1'92 



NOV- 30, 1965/ KEN-J1 KAZATO ETAL 3,221,133 
ELECTRON MICROSCOPE WITH MEANS FOR TREATING 

AND OBSERVING SPECIMENS 
9 Sheets-Sheet 5 Filed April 2, 1963 

/V't 
—-29 

ig. 4 





Nov. 30, 1965 KEN-Jl KAzTAg?EAzTAL 3,221,133 
ELECTRON MICROSCOPE WI NS R TREATING 

AND OBSERVING SPECIM 
Filed April 2, 1963 9 Sheets-Sheet 5 

427 
43 /_l\/////////////////////,I 

Fig. 7 



Nov. 30, 1965 KEN-J] KAZATO ETAL 3,221,133 
ELECTRON MICROSCOPE WITH MEANS FOR TREATING 

Filed April 2, 1963 

49 

55 N 

56 

Fig. 8 

AND OBSERVING SPECIMENS 
9 Sheets-Sheet 6 

/ 58 57\ 

6O 59 

E62 
631;“ H2; 

64 
66 

67 

69 

Fig. 9 



NOV- 30, 1965 KEN~JI KAZATO ETAL 3,221,133 
ELECTRON MICROSCOPE WITH MEANS FOR TREATING 

AND OBSERVING SPECIMENS 
Filed April 2, 1963 9 Sheets-Sheet 7 



Nov- 30, 1965 KEN-Jl KAZATO ETAL 3,221,133 
ELECTRON MICROSCOPE WITH MEANS FOR TREATING 

AND OBSERVING SPECIMENS 
Filed April 2, 1963 9 Sheets-Sheet 8 



Nov. 30, 1965 KEN-J] KAZATO ETAL 3,221,133 
- ELECTRON MICROSCOPE WITH MEANS FOR TREATING 

AND OBSERVING SPECIMENS 
Filed April 2, 1963 9 Sheets-Sheet 9 

52mm , 551% 

5-‘ 

99J I00) 

‘ 

90’ l *- ) 
POWER/“3|J '02 POWER 
CONTEOL ‘ /$°UR CE 

9|~~ \ , 
‘ 
1 

103) I04J 
92’ 

PROGRAMMING 

DEV/CE ) 93" L f 

95’ 

96E- 97 9e AMPL/F/ER'\ / / 
\ ‘_ 

\ 

( I swam 



United States Patent 0 " 

1 

3,221,133 
ELECTRGN MICROSCOPE WITH MEANS FOR 
TREATING AND OBSERVING SPECIMENS 

Ken-ii Kazato, Kan-ichi Ashinuma, Ikio Okazaki, Taiji 
Hokari, and Ko-ichi Takahashi, Tokyo, Hirokazu Yo 
shino, Chiba-ski, Chiba-ken, and Kazumichi Tanaka, 
Tokyo, Japan, assignors to Japan Electron Optics Lab 
oratory Co., Ltd” Tokyo, Japan 

Filed Apr. 2, 1963, Ser. No. 269,937 
7 Claims. (Cl. 219—-69) 

This application relates to an electron microscope or 
the like which may be used for treating a specimen, in 
addition to observing it. The treating beam produces 
a change in the shape of a specimen by removing por 
tions thereof. Thus, it may be used to groove, cut or 
bore the specimen, and it is particularly useful for pro 
ducing miniaturized electronic parts, such as resistors, 
by grooving metal ?lms in accordance with a master 
design. The treating beam can also be used for the 
manufacture of synthetic ?ber nozzles, shadow masks for 
color televisions, etc. 

In our electron microscope, the focal length of a 
magnetic condenser lens is changed by varying the amount 
of current which is applied to the lens. By changing 
the focal length of the condenser lens, electrons emitted 
from an electron gun are switched from a beam used 
to observe the specimen to a beam used for treating the 
specimen. The switching of the beam of electrons from 
one type to another can be done automatically by suitable 
electronic circuits, and the specimen can be observed 
while it is being treated. 
The foregoing operation is carried out when the 

specimen is suf?ciently thin to transmit an electron beam. 
It is also possible to observe a magni?ed image of the 
specimen by means of an electron beam re?ected from the 
specimen or by means of particles emitted from the 
specimen. 
The image formed by the microscope can be directed 

onto a vidicon tube, and that tube will transmit a signal 
to an electronic circuit which programs the operation 
of the treating beam. 

In the accompanying drawings, we have shown certain 
presently preferred embodiments of our invention in 
which: 
FIGURE 1 is a diagram illustrating the principles of 

our invention; 
FIGURE 2 is a diagrammatic illustration of one em 

bodiment of our invention; 
FIGURE 3 is a section along the line III-III of 

FIGURE 2; 
FIGURE 4 is a graph showing the relationship with 

respect to time of the various control currents which 
affect the operation of the microscope; 
FIGURE 5 is a plan view of a treated specimen; 
FIGURE 6 is a schematic diagram showing an electric 

circuit for controlling the operation of a microscope 
embodying our invention; 
FIGURES 7 to 11, inclusive, are diagrammatic illus 

trations of various modi?cations of our invention; and 
FIGURE 12 is a block diagram of a circuit for pro 

gramming and controlling the operation of a microscope. 
Referring to FIGURE 1, an electron beam 1 emitted 

from an electron gun (not shown) produces either a 
treating beam 2 or an obserserving beam 3 depending 
upon the current supplied .to a magnetic condenser lens 4. 
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When the beam is acting as a treating beam, the current 
to the condenser lens 4 is adjusted so that the point of 
minimum cross section of the beam falls on the surface 
of the specimen. When the beam acts as an observ 
ing beam, the focal length of the condenser lens is ad 
justed so that the point of minimum cross section of 
the beam is above the specimen 5, and the beam uni 
formly illuminates the surface of the specimen. The 
focal lengths of the condenser lens can also be adjusted 
so that the point of minmum cross section of the observ 
ing beam is below the specimen 5. 
The observing beam 3 is transmitted through the 

specimen 5 and forms beams diagrammatically illus 
trated at 6 which pass through a magnetic objective 
lens 7 which focuses them into a ?rst magni?ed image 
8. The beams then continue through a magnetic pro 
jection lens 9 and form a second magni?ed image 10 
which may be observed on a ?uorescent screen. 
The treating beam 2 is focused so that the point of 

minimum cross section of this beam falls on the surface 
of the specimen 5 and can be used for grooving, cutting 
or boring the specimen 5 by electron bombardment. 
The spot where the treating beam strikes the surface of 
the specimen is also focused to form an image which 
can be observed, and thereby the treating beam 2 can be 
measured and controlled. 

It will be understood that, as in conventional electron 
microscopes, the spaces through which the electron beams 
travel are maintained under a high vacuum (in the order 
of 10-4 mm. of mercury) so that the beams are not 
de?ected by gas particles in these spaces. 

Referring to FIGURE 2, an electron beam 11 gen 
erated by an electron gun (not shown) is shifted from 
a treating beam 14 to an observing beam 15 and back 
again by varying the current supplied to a magnetic con 
denser lens 12 in the same manner as described with 
reference to the treating beam 2 and observing beam 
3 of FIGURE 1. In the device shown in FIGURE 2, 
the beams 14 and 15 are used to treat and observe a 
specimen 16. An electron beam 17 transmitted through 
the specimen is focused by an objective lens 18 to form 
a magni?ed image 19 on a ?uorescent screen 20. 
The microscope shown in FIGURE 2 also has a beam 

de?ecting device 13 which will be later described with 
reference to FIGURE 3. The de?ecting device operates 
only when the treating beam 14 also operates, and is 
used to make the treating beam 14 scan the surface of 
the specimen 16. 
FIGURE 3 shows the electromagnetic de?ection de 

vice 13. It comprises oppositely disposed magnetic 
pole pieces 13a and 13b‘ mounted on cores 23a and 23b. 
Coils 24a and 24b are mounted on the cores and are 
supplied with current from power sources 25 and 26. A 
circular iron yoke 22 carries the cores 23a and 23b and 
provides a magnetic return path for the magnetic circuit. 

Referring to FIGURE 2, the electron beam 14 passes 
through the de?ection device 13 in a direction at right 
angles to the magnetic ?elds formed by the pole pieces 
13a and 13b, and when current is supplied to the coils 
24a and 24b, the beam is de?ected an amount propor 
tional to the magnetic ?eld, which in turn, is propor 
tional to the amount of current supplied to the coils. 
By varying the direction and itensity of the magnetic 
?eld created by the de?ection device 13, the treating 
beam 14 can be moved across the surface of the specimen 
16. 
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FIGURE 4 is a series of graphs showing the variations 
in current to the lens 12 and the coils 24a and 2412 which 
will produce the parallel grooves or slits 30 in the speci 
men 16 as illustrated in FIGURE 5. In FIGURE 4, 
time is plotted along the abscissa, and the current is 
plotted along the ordinate of the graph. FIGURE 4 (a) 
shows how the current i supplied to the condenser lens 
12 varies with time. During the time period from to to t1, 
an exciting current i2 is supplied to the lens 12, and the 
observing beam 15 uniformly illuminates the surface of 
the specimen. At time t1, an exciting current i1, is fed to 
the coil 12, and the electron beam is converted to the 
treating beam 14, and the treatment continues until time 
t2. For the time period t2 to t3, the observing beam 15 
again illuminates the surface of the specimen 16. 
FIGURE 4 (b) shows the supply of current ix to the 

de?ection coils 24a during the same time periods which 
were referred to with respect to the current supplied to 
the coil 12. As shown during the time periods 11 to t2, 
and after 13, a current having a sawtooth wave form 28 
is supplied to the coils 24a. During the time periods 
to to t1 and 12 to 13, when the electron beam 11 is switched 
to an observing beam 15, no current is supplied to the 
de?ecting coil 24a. 
FIGURE 4 (0) shows the variations in the current iy 

applied to the de?ection coils 24b. During the period 
t, to t2 and that following the period 13, current in stepped 
wave form 29 is supplied to the de?ection coils 24b. As 
shown in FIGURE 4 (b), no current is supplied to de 
?ecting coils 2412 when the electron beam 11 is acting as 
an observing beam 15. 

During the time periods when the electron beam 11 is 
switched to treating beam 14, the magnetic pole pieces 
13a and 13b are actuated by the sawtooth wave current 
shown in FIGURE 4 (b) and the stepped wave form 
shown in FIGURE 4 (c), the successive positions of the 
treating beam 14 as de?ecting being shown as 14a, 14b 
and 140 in FIGURE 2. 
During the treatment periods, for example, during the 

period t1 to 12, the specimen under treatment can be ob 
served by cutting off the current to the de?ection device 
13 and changing the current to the lens 12 so that the 
electron beam acts as an observing beam. It is also pos 
sible to continuously observe the treating process on the 
specimen by shortening the intervals of time, i.e., to to t1, 
t1 to 12, etc., and by switching the beams with su?icient 
rapidity that a continuous image appears on the ?uo 
rescent screen 20 due to persistence of vision which is 
characteristic of the human eye. 
FIGURE 6 shows diagrammatically a circuit whereby 

the electron beam 11 can be changed from a treating 
beam to an observing beam and back again, and the de 
?ecting device may be timed to act on the treating beam, 
both with sufficient rapidity that the process can be con 
tinuously observed due to persistence of vision. In FIG 
URE 6, the six small blocks at the right side of the ?gure 
represent voltage and current sources which are connected 
to the electron gun, condenser coil 12 and the de?ecting 
device 13. Block egg is a source of grid voltage for the 
electron gun G, and block i2 represents the source of 
current for the lens 12 when the beam is acting as an 
observing beam. Block egl is the source of grid voltage 
for the electron gun, and block i1 represents the source 
of current for the lens 12 when the beam is acting as a 
treating beam. Blocks ix and iy represent the sources of 
current for the beam de?ection device when it is in op 
eration. Each source of voltage or current is connected 
through an electromagnetic relay to the component of 
the microscope which it is to supply, the several relays 
being designated by the general reference letter R in 
FIGURE 6. The several relays are controlled by a 
switch S so that voltages and currents can be supplied to 
the operative components in proper sequence to change 
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4 
the electron beam from a treating beam to an observing 
beam and to de?ect the beam when it is acting as an 
observing beam. If the switch S is operated at a speed 
to cause the relays to shift the beam from one type to 
another as fast as individual frames of a motion picture 
?lm are passed through a projector, then the image seen 
on the ?uorescent screen 20 will appear to be continuous 
due to persistence of vision. 
FIGURE 6 shows a mechanically actuated circuit for 

shifting the voltage and currents. The currents and volt 
ages could be shifted by conventional electronic circuits 
as Well. 

In the foregoing description of the operation of the 
microscope shown in FIGURE 2, the electron beam has 
been changed from a treating beam to an observing beam 
by changing the focal length of the condenser lens 12. 
The same result can be obtained by varying the accel 
erating voltage supplied to the accelerating grid of the 
electron gun. 
The scanning range of the treating beam when shifted 

by the electrical de?ecting device 13 is relatively limited, 
and, therefore, if a number of identical shapes are to be 
formed following a master copy, a mechanical shifting 
device can be used to move the specimen 16 under the 
path of the treating beam. 
FIGURE 7 shows a modi?cation of our invention in 

which two electron guns 32 and 33 are used instead of 
a single gun. The electron gun 32 produces an electron 
beam 32a which passes through a condensing lens 34 
and forms an observing beam 36 which uniformly illu 
minates the surface of a specimen 39. The electron gun 
33 produces an electron beam 33a which passes through 
condensing lens 35 and forms a treating beam which is 
shown in three positions, 37a, 37b and 370, it being 
shifted by the de?ection device 38. The electron beam 
40 transmitted through specimen 39 is focused by a pro~ 
jection lens 41 to form a magni?ed image 42 on a 
?uorescent screen 43. By using two electron guns, it is 
possible to treat and observe a specimen such as the 
specimen 39 at the same time. 
FIGURE 8 shows a further modi?cation of our inven 

tion in which two electron guns 44 and 45 are used. In 
this embodiment, the accelerating voltage of the electron 
gun 44 is set higher than the accelerating voltage of the 
electron gun 45. The two electron beams 46 and 47 
emerging from the gun 44 and 45, respectively, pass 
through a magnetic ?eld which ?ows in a direction per 
pendicular to the plane of the drawing and is represented 
by the shaded area 48. Because the accelerating voltage 
for the electron beam 47 is less than that for the beam 
46, the magnetic ?eld 48 curves the beam 47 but does not 
affect the beam 46. Both beams pass through a con 
densing lens 49, which likewise affects the beam 47 more 
than the beam 46, so that the beam 47 is focused in ad 
vance of the specimen and uniformly illuminates the sur~ 
face of the specimen 53. The beam 46 from the gun 44 
is focused so that its area of smallest cross section is on 
the surface of the specimen 53 and thereby forms a treat 
ing beam 52 which is subjected to the de?ecting device 50 
which operates in the same manner as the de?ecting de 
vice 13 shown in FIGURE 2. Electron beam 54 trans 
mitted through the specimen 53 is focused by the pro 
jection lens 55 to form a magni?ed image 56 of the 
specimen 53. 
The arrangement shown in FIGURE 8 has the ad 

vantage that the treating beam 52 is projected directly 
along the optical axis of the condenser lens 49 onto 
the specimen 53, thereby avoiding astigmatism of the 
lens 49 and increasing the intensity of the energy of 
the treating beam on the surface of the specimen 53. 
FIGURE 9 shows a further modi?cation of our in 

vention in which two electron guns 57 and 58 produce 
two electron beams 59 and 60, which are oppositely 
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charged with respect to each other. The two beams 59 
and 60 are curved by a magnetic ?eld which ?ows in a 
direction at right angles to the plane of the drawing, 
and which is represented by the shaded area 61 in FIG 
URE 9 so that the two beams 59 and 60 pass through 
a condensing lens 26. In the arrangement shown in 
FIGURE 9, the electron beam 59 forms a treating beam 
65, and the beam 60 forms an observing beam 64. The 
observing beam 64 is transmitted through the specimen 
66 and forms beams 67, which are focused by the pro 
jection lens 68 to ‘form an enlarged image 69 of the 
specimen 66. The microscope shown in FIGURE 9 has 
a de?ection device 63 which controls the treating beam 
65 in the same manner as the de?ection device 13 shown 
in FIGURE 2. 
A microscope embodying our invention can also be 

used to treat and observe the treatment of specimens 
which are too thick to transmit electron beams. This is 
done by observing the image of particles emitted or 
re?ected ‘from the specimen being treated. FIGURE 10 
shows one arrangement whereby this may be accom 
plished. Two electron guns 70 and 71 produce electron 
beams 72 and 73, respectively, the electron beam 72 
being used for observation, and the beam 73 being used 
for treatment. The beam 72 is passed through a mag 
netic ?eld which extends in a direction transverse to 
the plane of the drawing, and which is represented by 
the shaded area 74. The ?eld 74 curves the beam 72 
so that it strikes the surface of the specimen 77 at an 
angle less than 90° to the surface and illuminates the 
entire area of the surface. A beam 78 of particles re 
?ected or emitted by the specimen 77 is focused by a 
re?ector lens 79 to form a magni?ed image 80 of the 
surface of the specimen. 
The beam 73 generated by the electron gun 71 is 

focused by the condensing lens 75 so that the area of 
minimum cross section of the beam impinges upon 
the surface of the specimen 77. The beam 73 is de?ected 
by the de?ecting device 76, which is similar to the de 
?ecting device 13 of FIGURE 2, so that the beam fol 
lows the paths indicated by the reference numbers 73a, 
73b and 730 in FIGURE 10. 
FIGURE 11 shows a modi?cation of the device shown 

in FIGURE 10 for treating and observing the treatment 
of specimens too thick to transmit electron beams. In 
the arrangement of FIGURE 11, an electron gun 80 trans 
mits an electron beam 82 which is transformed into a 
treating beam 82a or an observing beam 82b‘ by a con 
densing lens 83 in the same manner as described with 
reference to the embodiment shown in FIGURE 2. A1 
ternatively, the observing and treating beams can be 
formed by changing the accelerating voltage of the elec 
tron gun 81. 
A beam of particles re?ected or emitted from a speci 

men 84 form a beam 85 which is focused by a projec 
tion lens 86 to form an enlarged image 87 of the speci 
men 84. 
When our microscope is used in production, it is 

desirable to automatically control the movement and 
effect of a treating beam as it scans a specimen. FIG 
URE 12 is a block diagram of a circuit whereby this 
automatic control may be obtained. FIGURE 12 shows 
a microscope similar to that shown in FIGURE 1 in 
which a single electron gun 88 emits an electron beam 
89 which is focused by a condensing lens 90 to form 
a treating and observing beam, the treating beam being 
caused to scan a specimen 92 by a de?ecting device 91. 
The observing transmitted through the specimen 92 is 
focused by a projecting lens 93 onto a vidicon tube 94. 
All of the foregoing apparatus are placed in a vacuum 
chamber 95 which is exhausted through an outlet 96 to 
obtain the vacuum requisite for operation of the micro 
scope. 
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In the circuit shown in FIGURE 1, a power source 

100 supplies current to the electron gun through the 
control 99 which regulates the accelerating voltage ap 
plied to the gun. Circuit 101 regulates the supply of 
current from the source 102 to the condensing lens 90, and 
circuit 103 regulates the supply of power from the source 
104 to the beam de?ecting device 91. 

Signals generated by the vidicon 94 pass to an ampli?er 
97 supplied by a current source 98. Ampli?ed signals 
from the ampli?er 97 are passed to a programming de 
vice 105. Signals received by the vidicon 94 in response 
to an image projected onto it control the operation of 
the programmer 105, and thereby affect the operation 
of the microscope to continue the program or to repeat 
some or all of the portions of the program. 

In the various embodiments of our invention which 
have been described, the condenser lens and the de?ec 
tion devices described have been of the electronmagnetic 
type. Our invention can also be accomplished with con~ 
densing lens and de?ection devices which are of the elec 
trostatic type. Also, in the various embodiments of 
our invention which have been described, an electron 
beam is used to observe and treat the specimen. In 
accordance with out invention, other forms of charged 
particle beams can be used, for example, an ion beam. 

While we have described certain presently preferred 
embodiments of our invention, it is to be understood that 
it may be variously embodied within the scope of the 
appended claims. 
We claim: 
1. An electron microscope for treating and observing 

specimens comprising, 
(A) a single source of electrons, 
(B) means for focusing electrons from said source 

into a treating beam which strikes the surface of 
a specimen at the point of minimum cross-section 
of the beam to produce a change in the shape of 
said specimen by the removal of portions thereof 
and alternately into an observing beam which uni 
formly illuminates the surface of the specimen for 
forming an image thereof, 

(C) means for magnifying said image, and 
(D) means for observing said magni?ed image. 
2. An electron microscope as described in claim 1 

in which said source comprises one electron gun and 
in which said focusing means includes a condensing lens 
and means for varying the current supplied to said lens. 

3. An electron microscope as de?ned in claim 1 in 
which said source comprises one electron gun and in 
which said focusing means includes means for varying 
the accelerating voltage supplied to an accelerating grid 
in said electron gun. 

4. An electron microscope as de?ned in claim 1 and 
including de?ecting means to cause the treating beam to 
scan the surface of the specimen. 

5. An electron microscope as de?ned in claim 1 and 
including time mechanism to automatically cause the 
treating beam and the observing beam to impinge on 
the specimen alternately. 

6. A electron microscope as de?ned in claim 5 and 
including means to deflect the treating beam to scan a 
surface of the specimen and means to render the de?ect 
ing means operative only when the treating beam im 
pinges on the surface of the specimen. 

7. An electron microscope as de?ned in claim 1 in 
which the treating beam moves across the surface of the 
specimen and which has a photoelectric screen on which 
said magni?ed image is projected and a circuit whereby 
voltage signals generated by the impingement of the 
image on the screen control the focusing of said observ 
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