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METHOD AND APPARATUS FOR OBSERVING 
BIOLOGICAL SPECIMENS USING A SCANNING 

ELECTRON MICROSCOPE 

BACKGROUND 
As compared with a conventional transmission type 

electron microscope, a scanning electron microscope 
has the advantage of being able to produce a stereo 
image of the specimen con?guration. In this case, how 
ever, since bulk specimens are used, the presence of 
water removed by sublimation in the microscope col 
umn results in damage to the specimen which adversely 
affects the natural three-dimensional con?guration. 
This particularly applies to biological and chemical 
samples where the water content is high. In an effort to 
solve this problem, quench freezing of the specimen 
has recently been introduced. Quench freezing has a 
twofold advantage in that in addition to eliminating the 
possibility of damage due to sublimation, the specimen 
surface requires no coating in order to carry out obser 
vation. It is, however, necessary to prevent frost from 
forming on the surface of the frozen specimen or alter 
natively to effectively remove the frost from said sur 

face. 
Accordingly, it is an advantage of this invention to 

prevent the formation of frost on the specimen surface 
or to facilitate the removal of frost forming on the spec 
imen surface. It is another advantage of this invention 
to prevent the formation of frost on the cross-section 
surface of the specimen where it is desired to carry out 
observation of the section. It is yet another advantage 
of this invention to prevent frost from forming on the 
interim specimen stage housed in the pre-evacuation 
chamber or on the inner wall of the pre-evacuation 
chamber during specimen exchange. 

BRIEF DESCRIPTION 

Briefly, according to this invention, a pre-evacuation 
chamber is provided adjacent the electron optical col 
umn of the scanning electron microscope. The sample 
is quenched in liquid gas to be frozen. Thereafter, the 
sample is transferred to the pre-evacuation chamber 
and manipulated prior to placement in the specimen 
stage of the microscope to avoid the formation of frost 
or to remove the frost on the sample surface. 

In accordance with a preferred embodiment of this 
invention, the above objects are made possible by plac 
ing certain devices and mechanisms, depending on the 
object in view, in the pre-evacuation chamber of a 
scanning electron microscope. 

THE DRAWINGS 

The invention will now be further described with ref 
erence to the accompanying drawings, in which: 
FIG. I shows the evacuation system of a typical scan 

ning electron microscope; ' 
FIGS. 2 and 3 illustrate how the specimen is frozen 

according to this invention; 
FIG. 4 shows an embodiment for observing a frost 

free cross-section of the frozen specimen; 
FIGS. 5 and 6 show embodiments for removing the 

frost from the surface of the frozen specimen; and, 
FIG. 7 shows an embodiment for preventing the for 

mation of frost during specimen exchange. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. I, an electron optical column I in 
cludes an electron gun chamber la and specimen 
chamber lb. Column 1 is roughly evacuated by rotary 
pump 2 through valve 3 and completely evacuated by 
diffusion pump 4 and rotary pump 5 through valve 6. 
A pre-evacuation chamber 7 is partitioned from the 
specimen chamber in column 1 by a door 8 and from 
the atmosphere by a cover 9. The chamber 7 is evacu 
ated by rotary pump 2 through valve 10 and is leaked 
through valve 11. The following embodiment of the in 
vention relates to the pre-evacuation chamber. 

Referring to FIG. 2, a biological specimen 12 is ?xed 
onto a specimen holder 13, into which a holder ex 
changing rod 14 is screwed. Thus assembled, the holder 
is plunged into liquid nitrogen 15 or liquid Freon in the 
vessel 16. The specimen is then enclosed by means of 
a cover 17 (shown in FIG. 3) while still submerged in 
the refrigerant, after which, the sealed specimen is 
transferred into the pre-evacuation chamber 7. Next, as ‘ 
shown in FIG. 3, the cover 17 is removed under vac 
uum by means of exchanging rod 14, which is mounted 
with ball 18 and socket 19, so as to force the cover off 
the holder by pushing it up against projection arm 20 
forming part of the pre-evacuation chamber 7. Re 
moval of the cover is facilitated by the provision of a 
glass viewing window 21 forming part of the cover 9. 
When this is completed, the specimen is transferred to 
the specimen stage in the specimen chamber in column 
1, the stage being maintained in the cold state, the 
scanning electron beam is applied, and the specimen 
image is observed. 

Referring to FIG. 4, an interim stage 22 is maintained 
in the cold state by means of a liquid nitrogen tank 23 
and a heat conducting rod 24. An optical microscope 
25 for observing the specimen mounted on the interim 
specimen stage 22 is mounted on the walls of the pre 
evacuation chamber. A manipulating rod 26, supported 
by a ball 27 and socket 28 for ease of maneuverability 
is mounted in the chamber wall. A knife 29 or needle 
is attached to the tip of the rod in order to cut or slice 
the frozen specimen. Since the knife 29 or needle must 
be maintained in the cold state during specimen prepa 
ration, it is necessary to either bring the knife or needle 
into direct contact with the stage 22 prior to carrying 
out the cutting or slicing operation or to connect it to 
the heat conducting rod 24 by means of heat conduct 
ing wire belt 30. In either case, this embodiment ena 
bles the frozen specimen to be cut or sliced as desired 
without frost forming on the newly exposed surface, 
thereby making it possible to observe the inner struc 
ture of the specimen in an almost natural state. 

Referring to FIG. 5, there is shown an embodiment 
comprising a heating coil 31 provided in the vicinity of 
the interim stage upon which the specimen holder com 
plete with specimen is mounted. Heating current is sup 
plied to the heating coil 30 from a supply source 32 via 
insulators 33. By utilizing this embodiment, it is possi 
ble to defrost a whole area of the specimen surface. 
Referring to FIG. 6, there is shown an embodiment 

comprising an infrared ray irradiating device 34 
mounted in place of the manipulating rod shown in 
FIG. 4. The device 34 is mounted on a roller 35, again 
for ease of maneuverability. Consequently, the infrared 
rays emitted from the lamp 36 are focused by two built 



3,761,709 
3 

in lenses 37 and 38 and can be optionally directed on 
any desired part of the frozen specimen surface. In this 
way, it is possible to defrost the specific area for obser 
vation hardly affecting the temperature of the speci 
men as a whole. 

The embodiment as shown in FIG. 7 is designed to 
prevent frost forming in the specimen chamber during 
specimen exchange. In the conventional apparatus, it is 
necessary to expose the pre-evacuation chamber to the 
atmsophere in order to retrieve the examined specimen 
and replace it with a new one. Consequently, the in 
terim specimen stage becomes coated with frost; more 
over, the sublimation of this frost, as a result of subse 
quent evacuation, causes frost to form on the new spec 
imen. To prevent this from occurring, this invention 
employs the method whereby dry gas from a gas supply, 
source 39 is supplied to the chamber via the leak valve 
11 during the time the specimen is being exchanged. 
Having thus described the invention with the detail 

and particularity as required by the Patent Laws, what 
is desired protected by Letters Patent is set forth in the 
following claims. 
We claim: 
1. An apparatus for treating a frozen biological speci 

men or the like in a scanning electron microscope hav 
ing a specimen chamber and a specimen stage therein 
comprising a pre-evacuation chamber partitioned from 
the specimen chamber of the microscope, an interim 
stage disposed within said pre-evacuation chamber, a 
specimen holder for holding the specimen, said holder 
being mounted on said interim stage, means for main 
taining the interim stage and the holder sufficiently 
cold to maintain the sample frozen, a cutting tool at 
tached to the pre-evacuation chamber for cutting the 
frozen specimen, a heating means for defrosting a sur 
face of the frozen specimen, and means for transferring 
the treated specimen from the interim stage to the 
specimen stage of the specimen chamber. 

2. An apparatus according to claim 1 in which said 
heating means comprises a heating coil arranged 
around the frozen specimen mounted on the interim 
stage. 
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3. An apparatus according to claim 1 in which said 

heating means comprises an infrared ray irradiating de 
vice equipped with focusing means for selectively de 
frosting a given area of the surface of the frozen speci 
men mounted on the interim stage. 

4. An apparatus according to claim 1 including 
means for keeping said cutting tool sufficiently cold so 
as not to unfreeze the sample surface on contact. 

5. An apparatus for treating a frozen biological speci 
men or the like in a scanning electron microscope hav 
ing a specimen chamber and a specimen stage therein 
comprising a pre-evacuation chamber partitioned from 
the specimen chamber of the microscope, an interim 
stage housed in said pre-evacuation chamber, a speci 
men holder holding the specimen, said holder being 
mounted on said interim stage, means for maintaining 
the interim stage and the holder sufficiently cold to 
maintain the sample frozen, a cutting tool attached to 
the pre-evacuation chamber for cutting the frozen 
specimen, a heating means for defrosting a surface of 
the frozen specimen, an optical microscope mounted in 
the wall of the pre-evacuation chamber for observing 
the specimen from outside the chamber, and means for 
transferring the treated specimen from the interim 
stage to the specimen stage of the specimen chamber. 

6. An apparatus for treating a frozen biological speci 
men or the like in a scanning electron microscope hav 
ing a specimen chamber and a specimen stage therein 
comprising a pre-evacuation chamber partitioned from 
the specimen chamber of the microscope, an interim 
stage housed in said pre-evacuation chamber, a speci 
menholder for holding the specimen, said holder being 
mounted on said interim stage, means for maintaining 
the interim stage and the holder sufficiently cold to 
maintain the sample frozen, means for treating the fro 
zen specimen, means for transferring the treated speci 
men from the interim stage to the specimen stage of the 
specimen chamber, and a means for supplying the pre 
evacuation chamber of the microscope with dry gas 
during specimen exchange. 

* * * * * 


