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[57] ABSTRACT

In a backscattered electron detector for an electron
beam apparatus which consists of scintillators, a photo-
multiplier and an amplifier, a plurality of scintillators
are disposed in a specimen chamber between an objec-
tive lens and a specimen and are arranged close together
with their ends facing each other. The scintillators are
formed with a notch at the facing ends so that a gap or
opening is formed by the opposing notches to allow an
electron beam to pass through the scintillators. Since
each scintillator has no end portion beyond a hole,
which is found in the conventional backscattered elec-
tron detector and whose electron sensing portion has
low detection efficiency, backscattered electrons re-
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BACKSCATTERED ELECTRON DETECTOR FOR
AN ELECTRON BEAM APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electron detector
for efficiently detecting backscattered electrons in elec-
tron beam apparatuses such as electron microscopes.

2. Prior Art

Backscattered electron detectors used in electron
beam apparatuses such as electron microscopes are
available in two types: one using semiconductors and
one using scintillators. An example of the backscattered
electron detector of the scintillator type is shown in
FIG. 1.

In the backscattered electron detector shown in FIG.
1, an objective lens 2 is disposed in the upper part of a
specimen chamber 1 of an electron microscope. A fo-
cused electron beam 3 passing through the objective
lens 2 is radiated against a specimen 4. Backscattered
electrons 5 released from the specimen 4 strike an elec-
tron sensing portion 7 of a scintillator 6 coated with
phosphor which emits light. The light thus emitted is
detected by a backscattered electron detector 10 made
up of a photomultiplier 8 and an amplifier 9.

Such a conventional scintillator 6, however, has the
following drawback. The electron beam 3 that passes
through a hole 62 formed in the scintillator 6, as shown
in FIG. 2, irradiates the specimen 4, and the resulting
backscattered electrons 5 strike the scintillator 6. Those
backscattered electrons impinging on a scintillator base
side 7a of the electron sensing portion 7 with respect to
the hole 6a are collected and detected by the electron
detector 10 with high efficiency. But light produced by
those electrons that impinge on a scintillator end side 76
of the electron sensing portion 7 is reflected or scattered
by the surface of the hole 6a and does not reach the
photomultiplier 8, failing to be detected.

Since not whole area of the sensing portion 7 of the
scintillator 6 can effectively arrest and detect the back-
scattered electrons 5 but only the scintillator base side
Ta of the electron sensing portion 7 with respect to the
hole 6a effectively captures the backscattered electrons,
the overall detecting efficiency of the scintillator 6 is
low and a significant improvement in the detection
efficiency cannot be expected.

SUMMARY OF THE INVENTION

A primary object of this invention is to provide a
backscattered electron detector for electron beam appa-
ratuses that can enhance the detection capability of the
scintillator and thereby improve the detector’s overall
efficiency in detecting backscattered electrons.

A second object of the invention is to provide a back-
scattered electron detector for electron beam appara-
tuses which has an improved sensitivity.

To achieve the above objective, in a backscattered
electron detector for electron beam apparatuses which
consists of scintillators, a photomultiplier, and an ampli-
fier, a plurality of scintillators are kept close to or in
contact with each other and disposed at a vertical level
between the object lens and the specimen, and a notch
for passing the electron beam is formed at the facing end
of each of the closely arranged scintillators.

Since the plurality of scintillators, which are ar-
ranged close together with the ends facing each other,
have no aperture in an intermediate part thereof but

5

10

15

20

25

30

35

45

55

65

2

instead have a notch formed at each of the facing ends
thereof, all the electron sensing portions on the scintilla-
tors that exit between the objective lens and the speci-
men are identical to the scintillator base side of the
conventional electron sensing portion with an aperture
which can directly capture the backscattered electrons
with high efficiency.

Furthermore, since the electron beam passing notch
is formed at the facing end of each closely arranged
scintillator, these notches form an opening or hole
through which the electron beam can pass even when
the scintillators are arranged very close together or in
contact with each other.

This construction eliminates that part of the electron
sensing portion whose electron-converted light is re-
flected or scattered by the surface of the hole 6a. There-
fore, the backscattered electrons are directly detected
by only those electron sensing portions that have high
detection efficiencies, enhancing the overall detection
efficiency of the backscattered electron detector. Also,
the provision of multiple scintillators multiplies the
detection output of the backscattered electrons by the
number of scintillators, improving the sensitivity of the
backscattered electron detector.

Detailed objects and features of this invention will
become apparent from the following description of an
embodiment taken in conjunction with the attached
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a side cross section showing a conventional
backscattered electron detector for an electron beam
apparatus installed in a specimen chamber;

FIG. 2 is a longitudinal cross section of a scintillator
of the conventional backscattered electron detector;

FIG. 3 is a side cross section showing a backscattered
electron detector for an electron beam apparatus as one
embodiment of the invention;

FIG. 4 is a plan view showing scintillators used in the
backscattered electron detector of FIG. 3;

FIG. 5 is a side cross section of the backscattered
electron detector of FIG. 3 with the scintillators shown
retracted;

FIG. 6 is a plan view of scintillators used in a second
embodiment of the invention;

FIG. 7 is a plan view of scintillators used in a third
embodiment of the invention; and

FIG. 8 is a horizontal cross section of a specimen
chamber used in the electron beam apparatus which
incorporates the backscattered electron detector of the
invention, showing the portion cut by a plane between
the objective lens and the specimen.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Now, embodiments of this invention will be de-
scribed by referring to the accompanying drawings.

FIG. 3 shows a first embodiment of this invention,
which, as in the prior art, has an objective lens 12 lo-
cated in the upper part of a specimen chamber 11 of the
electron microscope. An eclectron beam 13 passing
through the objective lens 12 irradiates a specimen 14
and the resulting backscattered electrons 15 released
from the specimen 14 impinge on an electron sensing
portion 17 of a plastic scintillator 16, which in turn

. emits light, The emitted light is then detected by a back-

scattered electron detector 20 made up of a photomulti-
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plier 18 and an amplifier 19. Two plastic scintillators 16
are held at a vertical level between the objective lens 12
and the specimen 14, and are also arranged symmetrical
about the axis of the electron beam 13 with their facing
ends put close to each other, as shown in FIG. 4.

The plastic scintillators 16 have notch 22 formed at
the center of the facing ends 21 to allow the electron
beam 13 to pass through the scintillators. The provision
of the notches 22 ensures that the electron beam can
pass through the scintillators 16 even when they are put
close together. These scintillators 16 may be placed in
contact with each other, in which case an opening is
formed at the contact portion by the opposing notches
22. :

When the backscatiered electron detector 20 is not in
use, it can be retracted into the wall of the specimen
chamber 11. As shown in FIG. 5, the scintillators 16 can
be moved near the inner wall 112 of the specimen cham-
ber 11. If some of the multiple electron detectors 20 are
arranged between the objective lens 12 and the speci-
men 14 with the remaining electron detectors moved
close to the inner wall 11a it is possible not only to
perform simultaneous detection with an X-ray detector
and a cathode luminescence detector but also to tilt the
specimen, which is put close to the detectors, at large
angles.

By changing the gap between the two backscattered
electron detectors 20, it is possible to change to a de-
sired value the emission angle of the backscattered elec-
trons to be detected.

The electron sensing portion 17 of the scintillator 16
where the backscattered electrons strike is curved
downwardly concave so as to enclose the specimen and
thereby prevent the electrons from escaping. This im-
proves the detection efficiency and also makes it possi-
ble to detect backscattered electrons effectively even
when the specimen 14 is inclined.

When compared with the conventional backscattered
electron detector, the electron sensing portion 17 used
in the electron detector 20 of the above embodiment is
equivalent tot he scintillator base side 7a of the electron
sensing portion 7 with respect to the hole 6a. And there
is no electron sensing portion in this embodiment that
corresponds to the scintillator end side 7b of the elec-
tron sensing portion 7 with respect to the hole 6a whose
electron-converted light is reflected or scattered by the
surface of the hole 62 and does not reach the photomul-
tiplier 8. Therefore, the backscattered electron detec-
tors of this embodiment have only the electron sensing
portions 17 that permit direct detection by the detector
20 of backscattered electrons with high efficiencies.
Further, since the notches 22 are formed at the center of
the facing ends 21 of the scintillators 16, it is understood
that even when the two plastic scintillators 16 come into
contact at the ends, the electron beam can pass through
the scintillators because the opposing notches 22 form
an opening for the electron beam to pass through.

While the above first embodiment is shown to have
two electron detectors 20 disposed symmetrical about
the electron beam axis, the center lines of the two back-
scattered electron detectors 25, 26 may not necessarily
be aligned, as shown in a second embodiment of FIG. 6.

Further, three or more backscattered electron detec-
tors 20 may be provided. For example, like a third em-
bodiment shown in FIG. 7, four backscattered electron
detectors 31, 32, 33, 34 may be arranged close together

15

25

30

35

45

50

65

4

with the ends facing one another so that the center of
the four detectors is located at the pathway of the elec-
tron beam 13.

Although the above embodiments are shown to use
plastic scintiltators, it is possible to use scintillators
made of glass or of a composite material of plastic and
glass. .

FIG. 8 shows a cross section of the specimen cham-
ber 11 cut along a horizontal plane between the objec-
tive lens 12 and the specimen 14. This specimen cham-
ber 11 has many ports to which the backscattered elec-
tron detectors are mounted. Any of these ports can be
used. The second embodiment of FIG. 6 has the detec-
tors 25, 26 mounted to the port 43 and port 47 while the
third embodiment of FIG. 7 has the ports 41, 43, 46, 48
installed with four backscattered electron detectors 31,
32, 33, 34.

We claim:

1. A backscattered electron detector for an electron
beam apparatus comprising:

a photomultiplier;

an amplifier; and

a plurality of scintillators disposed in a specimen

chamber between an objective lens and a specimen
in such a way that they are close to or in contact
with each other, said scintillators each having a
notch formed at closely disposed, facing end por-
tions.

2. A backscattered electron detector for an electron
beam apparatus as claimed in claim 1, wherein said
plurality of scintillators are arranged in a straight line.

3. A backscattered electron detector for an electron
beam apparatus as claimed in claim 1, wherein said
plurality of scintillators are arranged at angles.

4. A backscattered electron detector for an electron
beam apparatus as claimed in claim 1, wherein three or
more scintillators are arranged radially.

5. A backscattered electron detector for an electron
beam apparatus as claimed in claim 1, wherein the side
wall of said specimen chamber is formed with a plural-
ity of ports and said scintillators are mounted to any
selected ports.

6. A backscattered electron detector for an electron
beam apparatus as claimed in claim 5, wherein said
scintillators are mounted to the ports in the specimen
chamber so that they can be advanced into or retracted
from the specimen chamber through the ports.

7. A backscattered electron detector for an electron
beam apparatus as claimed in claim 1, wherein said
scintillators each have an electron sensing portion
whose surface is curved downwardly concave so as to
enclose the specimen in the specimen chamber.

8. A backscattered electron detector for an electron
beam apparatus comprising:

a photomultiplier;

an amplifier; and

a plurality of scintillators disposed in a specimen

chamber between an objective lens and a specimen
so that they face each other, the facing portions of
said scintillators defining an opening for the pas-
sage of an electron beam from said lens to said
specimen, said scintillators being able to be ad-
vanced into or retracted from the specimen cham-
ber.
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