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[57] ABSTRACT 
In a sample analysis apparatus, a sample to be analyzed 
is irradiated by the electron beam from an electron 
gun, and the information obtained from the sample and 
characteristic of the sample is detected for the analysis 
of the sample. The electron gun and the sample are 
placed respectively in an electron gun chamber and in 
a sample chamber. An intermediate chamber is located 
between the electron gun chamber and the sample 
chamber. That portion of the sample chamber which 
contains the sample is protuberant into the intermedi-
ate chamber. The intermediate.chamber is evacuated 
to a degree of vacuum higher than the sample chamber 
but lower than the electron gun chamber. 

16 Claims, 4 Drawing Figures 
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SAMPLE ANALYSIS APPARATUS USING 
ELECTRON BEAM IRRADIATION 

BACKGROUND OF THE INVENTION 
The present invention relates to a sample analysis 

apparatus using electron beam irradiation, and more 
particularly to such an apparatus adapted for the case 
where there is a need that an electron gun chamber 
containing an electron gun to emit an electron beam 
must be evacuated to a higher degree of vacuum than a 
sample chamber containing a sample irradiated by the 
electron beam. 

Examples of sample analysis apparatus using electron 
beam irradiation are a scanning electron microscope, 
an electron-probe X-ray microanalyses etc. The prin-
ciple of operation of these apparatuses is such that a 
sample to be analysed is irradiated by an electron beam 
whereby the information obtained from the sample and 
characteristic of the sample is detected. Here, the in-
formation obtained is in the form of transmitted elec-
trons, reflected electrons, secondary electrons, ab-
sorbed electrons, Auger electrons, X-rays, cathode 
luminescence, etc. The means for detecting such infor-
mation is one for converting the information into elec-
tric signals. 

It is well known that when an electric field of about 
107 V/cm is concentrated on the pointed end of a metal 
rod, having a radius of less than 1000 A, electrons are 
emitted from the pointed end of the cold metal rod. 
The current due to this field emission increases with the 
increase in the intensity of the electric field concen-
trated on the pointed end. The electron current density 
due to the field emission is 10s times higher than the 
corresponding electron current density due to thermi-
onic emission. For this reason, the field emission source 
is called a high intensity electron generating source. 
Moreover, a practical source of electrons in thermionic 
emission has a diameter of several microns to several 
tens of microns while the diameter of a practical elec-
tron source in field emission is smaller than 100 A. 

The most difficult problem that has prevented the 
electron gun of field emission type from being used in 
a sample analysis apparatus using electron beam irradi-
ation, notwithstanding the above mentioned merits, is a 
difficulty in obtaining a high degree of vacuum in the 
order of 10"10 Torr which is necessary for generating a 
stable field emission current. With the recent progress 
of vacuum techniques, a high degree of vacuum in the 
order of 10-10 Torr has come to be obtained without 
much difficulty by the use of an ion pump. Accord-
ingly, some attempts have been made to use an electron 
gun of field emission type in a sample anaylsis appara-
tus using electron beam irradiation. 

The sample to be irradiated by electron beam is also 
placed in vacuum. The degree of vacuum in the sample 
chamber need not be so high as that in the electron gun 
chamber but has only to be 10"5 Torr in practice. In an 
actual apparatus, however, the electron gun chamber 
and the sample chamber must communicate with each 
other through a small aperture through which the elec-
tron beam travels. Therefore, if the sample chamber is 
merely kept at vacuum in the order of 10~5 Torr, a flow 
of gas from the sample chamber to the electron cham-
ber takes place. This prevents a stable field emission 
from being established. In order to solve this difficulty, 
the sample chamber should be preferably kept at vac-
uum in order of 10 - 7-10 - 8 Torr. 
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As well known, the sample whose analysis has been 
completed must be replaced by another sample to be 
newly analysed. As methods of exchanging samples, 
there may be considered a method in which the sample 

5 chamber is separated from the electron gun chamber in 
vacuum continuum, the sample chamber is exposed to 
the atmosphere, a new sample is substituted for the old 
one, the sample chamber is evacuated up to 10-7-10~8 

Torr and the sample chamber and the electron gun 
10 chamber are brought into vacuum communication with 

each other (this method is hereafter referred to simply 
as the first method). However, this method has a draw-
back that the sample chamber must be evacuated up to 
a rather high degree of vacuum, thereby requiring a 

15 relatively long time for reevacuation. 
There may be considered another method of ex-

changing samples, according to which a sample ex-
change chamber capable of being connected with and 
disconnected from the sample chamber in vacuum 

20 continuum is provided (this method is hereafter re-
ferred to simply as the second method). The sample 
exchange chamber has only to have a volume enough 
for sample exchange and usually has a smaller volume 
than the sample chamber. In the sample exchange op-

25 eration, the sample is transferred from the sample 
chamber to the sample exchange chamber kept at vac-
uum in the order of 10~3-10~5 Torr. The sample ex-
change chamber is then separated from the sample 

- chamber and replenished with air. The old sample is 
30 replaced by a new one and the sample exchange cham-

ber is again evacuated up to 10~3-10~5 Torr. Then, the 
new sample is transferred from the sample exchange 
chamber to the sample chamber after the sample ex-
change chamber has been brought into vacuum com-

35 munication with the sample chamber. According to this 
second method, such a problem as raised in the first 
method mentioned above can be solved, but there is 
still left a problem that a complicated and expensive 
mechanism to transfer the sample from the sample 

40 chamber to the sample exchange chamber or con-
versely in vacuum is needed. Moreover, when the de-
tector to detect the information obtained from the 
sample is replaced by another detector in this second 
method, the vacuum condition of the sample chamber 

45 kept at 10~7-10~8 Torr must be destroyed. This is the 
same problem as is caused in case of sample exchange 
in the first method. 

SUMMARY OF THE INVENTION 
50 One object of the present invention is to provide a 

sample analysis apparatus using electron beam irradia-
tion, which is adapted for the case where there is a need 
that an electron gun chamber must be evacuated to a 
higher degree of vacuum than a sample chamber. 

55 Another object of the present invention is to provide 
a sample analysis apparatus using electron beam irradi-
ation, which can solve such problems as mentioned 
above. 

According to the present invention, there is provided 
60 a sample analysis apparatus using electron beam irradi-

ation, comprising: an electron gun chamber for housing 
an electron gun therein; a sample chamber for detach-
ably housing therein a sample placed in position to be 
irradiated by the electron beam emitted from the elec-

65 tron gun; an intermediate chamber located between the 
electron gun chamber and the sample chamber to per-
mit the sample to be irradiated by the electron beam, 
the intermediate chamber having a larger volume than 
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the sample chamber; evacuation means for evacuating 
the electron gun chamber, the intermediate chamber 
and the sample chamber, the evacuation means evacu-
ating the intermediate chamber to a degree of vacuum 
higher than the sample chamber and lower than the 5 
electron gun chamber; first valve means for connecting 
and disconnecting the electron gun chamber with and 
from the intermediate chamber in vacuum continuum; 
and second valve means for connecting and discon-
necting the intermediate chamber with and from the 10 
sample chamber in vacuum continuum, wherein at 
least that portion of the sample chamber in which the 
sample is located is protuberant into the intermediate 
chamber. 

With this apparatus, the sample chamber is made 15 
open to the atmosphere while the first and the second 
valve means are closed. Under this condition the ex-
change of samples is performed. After the completion 
of sample exchange, the sample chamber is evacuated 
and the second and then the first valve means are 20 
opened. In this case, since the degree of vacuum in the 
intermediate chamber is higher than that in the sample 
chamber, the degree of vacuum in the intermediate 
chamber is lowered when the second valve means is 
opened. However, since the volume of the sample 25 
chamber is smaller than that of the intermediate cham-
ber, the degradation of the vacuum degree in the inter-
mediate chamber is only momentary. After a certain 
transient time, the initial degree of vacuum is resumed 
in the intermediate chamber. The first valve means 30 
should be opened only after the second valve means 
has been opened, since the degree of vacuum in the 
electron gun chamber must be prevented from falling 
below an allowable limit due to the momentary degra-
dation of vaccum degree in the intermediate chamber. 35 

According to the first method mentioned above, the 
sample chamber must be kept at a relatively high de-
gree of vacuum so as to prevent the flow of gas from the 
sample chamber into the electron gun chamber. On the 
other hand, according to the present invention, there is 40 
provided an intermediate chamber which need not be 
opened to the atmosphere for the exchange of samples, 
and if the degree of vacuum in the intermediate cham-
ber is only kept equal to that in the sample chamber in 
the first method, the degree of vacuum in the sample 45 
chamber having a smaller volume than the intermedi-
ate chamber can be lower than that in the intermediate 
chamber so that the time required for evacuating the 
sample chamber after the exchange of samples from 
the atmospheric pressure up to a desired degree of 50 
vacuum will be shorter according to the present inven-
tion than according to the first method. 

Moreover, according to the second method de-
scribed above, there is provided for the exchange of 
samples a complicated and expensive mechanism 55 
which serves to transfer the samples from the sample 
chamber to the sample exchange chamber and con-
versely, but the apparatus according to the present 
invention needs no such mechanism. 

Usually, the electron beam from the gun is focussed 60 
upon the sample by means of a convergence lens sys-
tem. Since the angle a of convergence of the electron 
beam is very small, i.e. in the order of 10~2-10~3 radian, 
the following relationship can be obtained: a — D/L, 
where D is the diameter of the electron beam at the 65 
convergence lens and L is the distance between the lens 
and the sample. Here, it should be noted that the longer 
is the length of the intermediate chamber along the 

path of the electron beam, the greater is the distance L. 
If a is required to remain constant while L is increased, 
D must be correspondingly increased. The increase in 
D causes the increase in the aberration of the conver-
gence lens and therefore a degradation of the resolving 
power. In order to improve the resolving power, D (i.e. 
a ) must be decreased, but the decrease in D is accom-
panied by a decrease in brightness. Consequently, L 
must not be made large. 

In the apparatus according to the present invention, 
at least the portion of the sample chamber where the 
sample is actually located is protuberant into the inter-
mediate chamber. If the partition wall between the 
intermediate chamber and the sample chamber is in the 
form of a plane, then the sample chamber as a whole 
must be disposed nearer to the electron gun chamber in 
order to decrease L. Accordingly, the intermediate 
chamber must take a shape which is short in the direc-
tion of travel of the electron beam. It is preferable that 
the volume of the intermediate chamber should be as 
great in comparison with that of the sample chamber as 
possible. This is essential for maintaining the function 
of the intermediate chamber to prevent the vacuum 
condition of the electron gun chamber from being ad-
versely affected due to the degradation of the vacuum 
degree in the sample chamber, i.e. the function of the 
intermediate chamber to cut the direct communication 
of the sample chamber with the electron gun chamber. 
However, in order to make the volume of the interme-
diate chamber as large as possible while the length 
thereof along the path of the electron beam is kept 
short, the area of the cross section of the intermediate 
chamber perpendicular to the electron beam path must 
be made large enough. Accordingly, the shape of the 
apparatus as a whole is largely spoiled and moreover 
the insertion of a sample, the attachments of a mecha-
nism for the fine adjustment of the sample and a means 
for detecting information from the sample etc. from 
outside to the sample chamber, the detachements of 
these members from the sample chamber to outside 
and the manipulation of the mechanism from outside, 
are considerably constrained. 

In the apparatus according to the present invention, 
on the other hand, at least that portion of the sample 
chamber which contains the sample is protuberant into 
the intermediate chamber and in order to increase the 
volume of the intermediate chamber, the intermediate 
chamber except the portion occupied by the protuber-
ant part of the sample chamber can be enlarged by 
extending the dimension of the chamber toward the 
sample chamber, without increasing the area of cross 
section perpendicular to the beam path. The most or 
entire part of the sample chamber may be enveloped by 
the intermediate chamber and in that case the above 
described merit can also be preserved. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows in cross section a sample analysis appa-

ratus using electron beam irradiation, as an embodi-
ment of the present invention. 

FIG. 2 is a cross section taken along line II—II in FIG. 
1. 

FIG. 3 is a cross section taken along line III—III in 
FIG. 1. 

FIG. 4 is a block diagram of an evacuating system as 
an embodiment of the present invention, used in the 
apparatus shown in FIG. 1. 
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n c c r n i n r i n M n r t u c n n c c m n c n m o v e relative to the manipulation shaft 38 in the direc-DESCRIPTION OF THE PREFERRED tion o f t h e a x i s o f t h e s h a f t 3 8 . F o r t h e purpose of 
hMBODlMbN 1 limiting the relative movement, a pin 40 is provided in 

FIGS. 1 to 4 show a preferred embodiment of the the shaft 38 and a groove 41 is cut in the valve support 
present invention. In an electron gun chamber 1 is 5 39, running along the shaft 38 to receive the pin 40 
housed an electron gun 2 having a filament 3 of field therein. The free end of the valve manipulation shaft 38 
emission type and an anode 4. The filament 3 is is extended out of the intermediate chamber 18 and in 
mounted on a filament support 7 which is an electrical threaded engagement with a valve manipulation knob 
insulator, attached via an air-tight gasket 6 to a cover 5 42. The valve manipulation knob 42 is rotatably sup-
of the electron gun chamber 1 and the anode 4 is 10 ported on a knob bearing 43, which is coupled by 
mounted by means of a plurality of anode support rods means of screws (not shown) to the wall 28 of the 
8 on the base 9 of the chamber 1, having a beam aper- chamber 18, with an air-tight gasket 44 interposed 
ture 9a. The cover 5 and the base 9 of the electron gun therebetween. The valve manipulation shaft 38 has at 
chamber 1 are coupled to each other by means of its middle portion a cylindrical flange 46 and air-tight 
screws (not shown) with an air-tight gasket 10 inter- 15 bellows 47 to allow the axial movement of the valve 
posed between them. An evacuating tube 11 is at- manipulation shaft 38 and to prevent the rotation of the 
tached to the cover 5 and the base 9 is coupled by shaft 38 are provided between the edge of the cylindri-
means of screws (not shown) to the upper surface of cal flange 46 and the knob bearing 43. A compression 
the yoke 13 of a convergence lens 12. The convergence spring 48 is provided between the bottom of the cylin-
lens 12 consists of the yoke 13 serving as magnetic core 20 drical flange 46 and the valve support. The ends 20 and 
having an upper and a lower poles 14 and 15 and a field 21 of the cylindrical sample chamber 19 are opened 
coil 16 for establishing between the poles 14 and 15 a outside the intermediate chamber 18 and the base 49 of 
magnetic field serving a magnetic lens. An electron a sample stage is detachably coupled to the end 20 by 
beam deflection coil 17 is embedded in the lower pole means of screws 51, (FIG. 3) with an air-tight gasket 50 
15 of the magnetic core (yoke) 13. The convergence 25 interposed therebetween. Guide members 52 and 53 
lens 12 is attached by means of screws or through weld- for guiding the fine adjustment of the sample stage are 
ing to the upper surface of an intermediate chamber fixed to the base 49 by means of screws (not shown) 
18. A sample chamber 19 in the shape of a hollow and a sample stage 54 for the fine adjustment of a 
cylinder, having a smaller volume than the intermedi- sample is slidably engaged with the guide members 52 
ate chamber is located in the intermediate chamber 18 30 and 53 via steel balls 55. The steel balls are received in 
and the ends 20 and 21 of the sample chamber 19 are the V-shaped grooves cut in the guide members 52 and 
attached to the wall 28 of the intermediate chamber by 53 and the sample stage 54, as shown in FIG. 1. A 
means of screws (not shown) with air-tight gaskets 22 sample manipulation shaft 56 extends from outside the 
and 23 interposed therebetween, in order that the sam- sample chamber 19 into the sample chamber 19, pass-
pie chamber 19 may be opened outside the intermedi- 35 ing through the member 54 and the base 49, and carries 
ate chamber 18. The lower portion of the valve body 25 at its end a sample 57. At the other end of the shaft 56 
of a valve mechanism 24 is coupled to the partition wall is provided a knob 58 for finely moving the shaft along 
26 between the chambers 18 and 19 near its beam its axis. The sample manipulation shaft 56 has a flange 
aperture 26c, with an air-tight gasket 27 interposed 59 and air-tight bellows 60 to allow the axial movement 
therebetween. The upper portion of the valve body 25 40 of the shaft 56 and to prevent the rotation of the shaft 
passes through the wall 28 of the intermediate chamber 56 are provided between the flanges 59 and the base 
18 and is coupled to the wall 28 with an air-tight gasket 49. An adjustment screw 61 is in threaded engagement 
29 interposed therebetween. The upper portion of the with the base 49 in such a manner that the end of the 
valve body 25 is crowned with a thin-walled, integrally screw 61 is in contact with one side surface of the 
formed pipe 30. The pipe 30 has at its top a beam 45 sample stage 54. A compression spring 62 is inserted 
aperture 30a and is coupled to the base 9 of the elec- between the base 49 and the opposite side surface of 
tron gun chamber 1 with an air-tight gasket 31 inter- the member 54 in such a manner that the one side 
posed therebetween. An electron beam diaphragm 32 surface of the member 54 is always urged against the 
is provided at the middle portion of the pipe 30 near end of the adjustment screw 61. A detector mounting 
the magnetic lens. The valve body 25 has a beam aper- 50 stage 63 is detachably coupled to the end 21 of the 
ture 25a and a conic bore 33 whose axis runs perpen- cylindrical sample chamber 19 by means of screws (not 
dicular to that of the beam aperture 25a and in which shown), with an air-tight gasket 64 interposed therebe-
a conic valve counterpart is inserted. The valve unit 34 tween. A detector 65 of well known photomultiplying 
of the valve mechanism 24 has a first valve 35 in the type, for detecting secondary electrons is mounted on 
shape of a truncated cone, which can be brought into 55 the stage 63. The wall 28 of the intermediate chamber 
close contact with the inner surface of the conic bore 18 and the detector mounting stage 63 have evacuating 
33, and a second valve 36 which can be brought into tubes 66 and 67, respectively. The evacuating tubes 11, 
close contact with the inner surface of the first valve 66 and 67 are connected respectively with vacuum 
35. The first valve 35 has a communication aperture 37 pumps 71, 72 and 73 through valves 68, 69 and 70, as 
through which the sample chamber 19 and the interme- 60 seen in FIG. 4. 
diate chamber 18 communicate with each other when With this structure, when the valve manipulation 
the close contact between the second valve 36 and the knob 42 is rotated, the valve manipulation shaft 38 in 
inner surface of the first valve 35 is released while the threaded engagement with the knob 42 shifts in the 
first valve 35 is in close contact with the inner surface direction indicated by the arrow A in FIG. 2 so that the 
of the conic bore 33. The second valve 36 is fixed to a 65 second valve 36 fixed to the shaft 38 shifts in the same 
valve manipulation shaft 38 and the first valve 35 is direction while the first valve remains in contact with 
slidably supported at a valve support 39 on the manipu- surface 33 under bias from spring 48. If the knob 42 is 
lation shaft in such a manner that the first valve 35 can further rotated, the pin 40 provided in the shaft 38 
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reaches the end of the groove 41 to initiate the move- screws 51 so that the sample chamber 19 is made open 
ment of the first valve 35 in the direction of the arrow to the atmosphere to replace the old sample by a new 
A. Accordingly, the electron gun chamber 1 communi- one. After the completion of the exchange of the sam-
cates with the intermediate chamber 18 through the pies, the base 49 is again attached onto the end 20 of 
beam apertures 9a and 30a, the electron beam dia- 5 the sample chamber 19 by driving the screws 51 into 
phragm 32, the beam aperture 25 and the conic bore the end 20. Thereafter, the valve 70 is opened and the 
33; while the intermediate chamber 18 and the sample sample chamber 19 is evacuated by the pump 73. 
chamber 19 communicate with each other through the When the degree of vacuum in the sample chamber 
beam aperture 26a and 25a and the conic bore 33. reaches the order of 10~3 Torr, the valve 70 is closed 
Therefore, the electron gun chamber 1, the intermedi- 10 and the sample chamber 19 and the intermediate 
ate chamber 18 and the sample chamber communicate chamber 18 are caused to communicate with each 
with one another. other by rotating the valve manipulation knob 42 and 

Under this condition, it is assumed that the electron therefore shifting the valve manipulating shaft 38 so 
gun chamber 1, the intermediate chamber 18 and the that the close contact between the second valve 36 and 
sample chamber 19 have been evacuated respectively 15 the inner surface of the first valve 35 may be released, 
up to I0~10 Torr, 10~7-10~8 Torr and 10~5 Torr, by the For, by doing this, the sample chamber 19 communi-
vacuum pumps 71, 72 and 73. When a highly intense cates with the intermediate chamber 18 through the 
field is established between the filament 3 and the beam apertures 26a and 25a, the communication aper-
anode 4, an electron beam is emitted from the filament ture 37 and the conic bore 33. When the sample cham-
3 through field emission and accelerated through the 20 ber 19 communicates with the intermediate chamber 
anode 4. This beam travels through the beam apertures 18, the gas in the sample chamber 19 flows into the 
9a and 30a, the electron beam diaphragm 32 and the intermediate chamber 18 to lower the degree of vac-
beam apertures 25a and 26a, and is focussed on the uum in the intermediate chamber 18 in the order of 
sample by the convergence lens 12. The electron beam 10-7— 10—8 Torr down to the order of 10~6 Torr. How-
is also deflected in two-dimensional fashion by the 25 ever, since the volume of the intermediate chamber 18 
deflection coil so the surface of the sample 57 is sub- is much greater than that of the sample chamber 19, 
jected to two-dimensional scanning with an electron the degradation of the vacuum degree in the chamber 
beam. In this case, the information characteristic of the 19 is only momentary. Accordingly, after the transient 
sample 57 in terms of secondary electrons, reflected disturbance, the degrees of vacuum in the intermediate 
electrons, X-rays, absorbed electrons or cathode lumi- 30 and sample chambers 18 and 19 settles to the orders of 
nescence is obtained from the sample 57 and, for exam- 10-7-10~8 Torr and of 10-5 Torr, respectively. When 
pie, the secondary electrons are detected by the detec- the degrees of vacuum in the intermediate and sample 
tor 65 and converted to an electric signal. The electric chambers 18 and 19 reach the steady state, the electron 
signal is then introduced into a cathode ray tube (not gun chamber 1 and the intermediate chamber 18 are 
shown) as a brilliance (or intensity) modulation signal 35 caused to communicate with each other. This is done 
according to the well known method. The two-dimen- by further rotating the valve manipulation knob 38 so 
sional deflection of the beams in the cathode ray tube that the first valve 35 along with the second valve 36 
by the associated deflection coil (not shown) is syn- may be shifted in the direction indicated by the arrow 
chronized with the two-dimensional deflection of the A. 
electron beam by the deflection coil 17. Accordingly, 40 Ion pumps should be used as the pumps 71 and 72 
the secondary electron image of the sample 57 is dis- since the electron gun chamber 1 and the intermediate 
played on the screen of the cathode ray tube. chamber 18 must be evacuated up to relatively high 

The choice of the positions of the irradiation of the degrees of vacuum. A rotary pump can be used as the 
sample 57, i.e. the choice of the observation field of the pump 73 for evacuating the sample chamber 19 which 
sample 57, can be easily performed by rotating the 45 is to be kept at a relatively low degree of vacuum, 
knob 58 and/or the adjustment screw 61. When the The maintenance of the degrees of vacuum in the 
knob 58 is rotated, the sample is infinitesimally shifted electron gun chamber 1, the intermediate chamber 18 
in the direction perpendicular to the electron beam, i.e. and the sample chamber at such different values as 
in the axial direction of the sample manipulation shaft mentioned above, is possible due to controlling the 
56. When the adjustment screw 61 is rotated, the sam- 50 evacuation resistances of the passages connecting be-
ple stage 54 is shifted in the direction perpendicular to tween the chambers 1 and 18 and between the cham-
both the electron beam and the axis of the shaft 56 so bers 18 and 19. The evacuation resistances should be 
that the sample in infinitesimally transported in the varied depending on the size of the apparatus as a 
same direction. Therefore, by appropriately operating whole and the evacuation capacities of the used vac-
the knob 58 and the screw 61, the sample can be infini- 55 uum pumps 71 and 72. If the minimum diameter of 
tesimally shifted in a plane perpendicular to the elec- each passage is chosen to be in a range of 0.1-6 mm in 
tron beam, in any direction and by any distance. case of an apparatus whose acceleration voltage is not 

In case of exchanging samples, the electron gun higher than 100 KV, the degrees of vacuum in the 
chamber 1, the intermediate chamber 18 and the sam- respective chambers can be kept at different values, 
pie chamber 19 are isolated from one another in vac- 60 Moreover, with such a structure, stable vacuum condi-
uum continuum. This condition can be established by tions can be reached in about 5-10 minutes even when 
rotating the valve manipulation knob 42 in the reverse the evacuation of the sample chamber is started at the 
direction so that the first and the second valves 35 and atmospheric pressure. 
36 may be both closed, as shown in FIG. 2. The sample The embodiment of the present invention shown in 
chamber 19 is now isolated from both the intermediate 65 FIGS. 1 to 4 can enjoy the following advantages, 
chamber 18 and the electron gun chamber 1. Then, the 1. Since the high degrees of vacuum in both the elec-
valve 70 is closed and the base 49 is detached from the tron gun chamber and the intermediate chamber can 
end 20 of the sample chamber 19 by loosening the be maintained even during the operation of exchanging 
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samples and since only the sample chamber whose 
volume is much smaller than that of the intermediate 
chamber and in which the degree of vacuum is lower 
than that in the intermediate chamber, is opened at the 
sample exchange operation, then the time required for 5 
the vacuum conditions in the apparatus to be stabilized 
can be shortened. 

2. There is no need for a complicated and expensive 
mechanism for exchanging samples. 

3. Since the most part of the sample chamber is 10 
within the intermediate chamber, the distance between 
the sample chamber and the electron gun chamber can 
be freely decreased without any structural disturbance 
by the intermediate chamber and the volume of the 
intermediate chamber can be increased without in- 15 
creasing the area of cross section of the intermediate 
chamber in the plane perpendicular to the electron 
beam. 

4. In the case where the detector is detached from the 
sample chamber for cleaning or exchange, the time 20 
required for the vacuum conditions in apparatus to be 
stabilized after the remount or exchange of detector is 
equal to that in case of the exchange of a sample. 

We claim: 
1. A sample analysis apparatus using electron beam 25 

irradiation, comprising: an electron gun chamber for 
housing an electron gun therein which is capable of 
emitting an electron beam along a beam path; a sample 
chamber for detachably housing therein a sample 
placed in position along said beam path, to be irradi- 30 
ated by the electron beam emitted by said electron gun; 
an intermediate chamber substantially located between 
said electron gun chamber and said sample chamber 
along said beam path and including means to permit 
said electron beam to pass therethrough and into said 35 
sample chamber to said sample to be irradiated; said 
intermediate chamber having a larger volume than said 
sample chamber; evacuation means for evacuating said 
electron gun chamber, said intermediate chamber and 
said sample chamber; means for controlling said evacu- 40 
ation means to evacuate said intermediate chamber to 
a degree of vacuum higher than said sample chamber 
and lower than said electron gun chamber; first valve 
means for connecting and disconnecting said electron 
gun chamber with and from said intermediate chamber 45 
in vacuum continuum; and second valve means for 
connecting and disconnecting said intermediate cham-
ber with and from said sample chamber in vacuum 
continuum; at least that portion of said sample cham-
ber in which said sample is located projecting into said 50 
intermediate chamber so that a portion of said sample 
chamber is closer to said electron gun chamber than a 
portion of said intermediate chamber. 

2. A sample anaylsis apparatus as claimed in claim 1, 
further including detector means disposed in said sam- 55 
pie chamber for detecting an information characteristic 
of said sample obtained from said sample by detecting 
the irradiation of said sample with said electron beam, 
said sample chamber being in the shape of a hollow 
cylinder whose axis is substantially perpendicular to 60 
said electron beam path, disposed in said intermediate 
chamber with the ends thereof being capable of being 
opened to the outside of said intermediate chamber, 
said sample being disposed at one side of said sample 
chamber and said detector means being disposed at the 65 
other side of said sample chamber. 

3. A sample analysis apparatus as claimed in claim 1, 
wherein said first and second valve means are so lo-

cated that when they are actuated they may close and 
open the passages of said electron beam between said 
electron gun chamber and said intermediate chamber 
and between said intermediate chamber and said sam-
ple chamber. 

4. A sample analysis apparatus as claimed in claim 3, 
wherein said first and second valve means are located 
in said intermediate chamber and extend between said 
electron gun chamber and said sample chamber. 

5. A sample analysis apparatus as claimed in claim 4, 
further comprising means for infinitesimally shifting 
said sample in a plane substantially perpendicular to 
said electron beam path, said means being supported at 
said one end of said sample chamber. 

6. A sample analysis apparatus as claimed in claim 2, 
wherein said information characteristic of said sample 
is obtained as a measure of secondary electrons by said 
detector means. 

7. A sample analysis apparatus as claimed in claim 1, 
wherein said electron gun chamber includes an elec-
tron gun having a filament of the field emission type. 

8. A sample anaylsis apparatus as claimed in claim 1, 
further including actuating control means connected to 
said first and second valve means for actuating said first 
and second valve means in sequence so that said sec-
ond valve means will open prior to said first valve 
means. 

9. A sample analysis apparatus as claimed in claim 1, 
wherein said first and second valve means are disposed 
in a valve body positioned between said electron gun 
chamber and said sample chamber, said valve body 
having a first bore in alignment with said electron beam 
path for allowing said electron beam to pass there-
through and a second transverse conical bore intersect-
ing said first bore and carrying said first and second 
valve means. 

10. A sample analysis apparatus as claimed in claim 
9, further including actuating control means connected 
to said first and second valve means for actuating said 
first and second valve means in sequence so that said 
second valve means will open prior to said first valve 
means. 

11. A sample analysis apparatus as claimed in claim 
6, wherein said first valve means comprises a hollow 
first truncated cone positioned to be brought into close 
contact with the inner surface of said second conical 
bore and having a passage in the wall thereof which is 
in alignment with that portion of said first bore extend-
ing toward said sample chamber when said first cone is 
in contact with said second conical bore. 

12. A sample analysis apparatus as claimed in claim 
6, wherein said second valve means comprises a second 
truncated cone disposed within the hollow of said first 
truncated cone to selectively seal said passage therein. 

13. A sample analysis apparatus as claimed in claim 
8, wherein said actuating control means comprises a 
piston connected to said second truncated cone and 
extending outside said intermediate chamber to permit 
selective axial movement of said second truncated cone 
into and out of contact with said first truncated cone, 
and means linking said piston to said first truncated 
cone to effect movement of said first truncated cone by 
said piston while biasing said first truncated cone out of 
contact with said second truncated cone. 

14. A sample analysis apparatus as claimed in claim 
1, wherein said sample chamber is provided in the form 
of a hollow cylinder disposed within said intermediate 



chamber and whose axis is substantially perpendicular 
to said electron beam path. 

15. A sample analysis apparatus as claimed in claim 
14, wherein said sample chamber extends entirely 
through said intermediate chamber and has its ends 
closed by respective first and second covers. 

16. A sample analysis apparatus as claimed in claim 
15, wherein said first and second valve means are dis-

posed in a valve body positioned between said electron 
gun chamber and said sample chamber, said valve body 
having a first bore in alignment with said electron beam 
path for allowing said electron beam to pass there-

5 through and a second transverse conical bore intersect-
ing said first bore and carrying said first and second 
valve means. 

* * * * * 
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