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A cold stage has been constructed for the Philips EM300 (and EM301) electron microscopes for investigating the structure of 

frozen-hydrated biological specimens. The stage entails minimal alterations to the instrument and is capable of a resolution 

better than 10 w at the normal operating temperature of - 12O’C. Frozen specimens can be readily exchanged without 

condensation or warming up, and maintained in the stage over periods of several hours without detectable deterioration. 

1. Introduction 

The native structure of biological specimens can 
be investigated with the electron microscope at 
high resolution if some means is provided for 
retaining their hydration in the surrounding high 
vacuum. Attempts have been made to develop 

hydration chambers, operated by a differential 

pumping mechanism, for this purpose [l]. How- 
ever, these devices have not proved amenable to 
high resolution imaging due to the effects of stage 
instability and radiation damage. Another way for 
preserving some structures involves glucose em- 
bedding [2]. However, glucose is not a perfect 
substitute for water; the method does not allow 
control of ionic composition and the contrast may 
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be weak because the electron scattering densities 
of glucose and protein are closely matched. A 
third approach involves freezing the specimen in a 
thin aqueous film (< 1000 A thick) and observing 

it at temperatures low enough to prevent ice sub- 
limation [3]. By freezing rapidly, the damage due 
to ice crystal formation can be prevented. Further- 
more, radiation damage is decreased by a factor of 
at least 5 at the lower temperatures [4], salt condi- 
tions can be varied and the low density of ice leads 
to good image contrast. This last technique is 
therefore potentially the most useful; a fact which 
is just beginning to be realized [4,6]. 

We describe here a cold stage for the Philips 
EM300 (and EM301) electron microscopes which 
enables them to be used for high resolution struct- 
ural studies of frozen-hydrated specimens. The 
design is based upon the standard high resolution 
stage and involves minimal modifications to the 
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instrument. This stage has features which over- 
come some of the limitations of the cooling holder 
accessory to the Philips goniometer. It produces a 
more thermally and vibrationally stable system 
and has a long operating period between coolant 
refills. Transfer of precooled specimens into the 
microscope column can be accomplished very ef- 
fectively via the standard airlock assembly. 

2. Description 

2.1. Stage assemh!~ 

Modifications were made to the lower specimen 
translation plate and specimen cartridge support 
frame with the object of retaining basic features 
already present and allowing the microscope to be 
operated by essentially standard procedures. 

The new lower specimen translation plate has 
the same overall dimensions as the original one 
(fig. 1). The separate cartridge support frame is 
attached to the lower translation plate on opposite 
sides. Two plastic (Perspex) blocks insulate the 
support frame, which is cooled (see below), from 

the translation plate. The core of the support 
frame has a 2” taper to match that of the specimen 

cartridge and hence achieve a good fit between the 
two components. The specimen is further stabi- 
lized by a locator pin soldered to the frame at the 

end opposite the cartridge entrance. The frame 
support and the tip of the specimen cartridge are 

cut to a thickness of only 1.25 mm to leave space 
for the objective aperture holder and the liquid- 
nitrogen-cooled anticontamination device. The an- 
ticontamination device used is twin-bladed with a 
2 mm gap and 1.1 mm holes for the electron beam. 

The standard horseshoe design does not provide 
adequate protection. 

2.2. Specimen cartridge 

The new specimen cartridge has a 2”-tapered 
copper body with a stainless steel sleeve and pin, 
shaped as for the original cartridge to permit 

exchange using the Philips injector rod. It is held 
in the support frame by means of a 
phosphor-bronze spring attached to one of the 

plastic blocks. The specimen grid is mounted in.a 
recess near the tip of the cartridge and held there 
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Fig. 1. Cold stage assembly and specimen cartridge (exploded view). This drawing shows only those pieces which have been modified 

from the standard Philips object stage and specimen cartridge. 
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tightly by a slightly bent phosphor-bronze washer, 
compressed by a platinum ring and circlip. This 
combination allows easy mounting of a precooled 
specimen under liquid nitrogen. To reduce radia- 
tive heat transfer, both the cartridge and the sup- 
port frame are gold-plated. 

2.3. Cooling 

The system can use either liquid nitrogen or 
liquid-nitrogen-cooled vapor as coolant. Coolant is 

NITROGEN OUTLET 
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Fig. 2. Internal details of storage Dewar, with nitrogen vapor as 
coolant (sectional view). The inlet to the coolant tube is located 

near the top of the Dewar, projecting above the surface of the 

liquid nitrogen. The “U” turn of the coolant tube and the 

heater are located near the bottom of the Dewar. 

transported from a large (10.4 litre) external De- 
war to the cold stage area via l/16 inch internal 
diameter copper tubing (figs. 2 and 3). The Dewar 
is sealed and pressurized using a resistive heater. 
When nitrogen vapor is used as coolant, it 
originates from near the top of the Dewar and first 
passes down a length of copper tubing submerged 
in the liquid nitrogen so that the vapor is pre- 
cooled. The tube then takes an upwards path, 
entering an evacuated transfer line which connects 
the Dewar to the specimen stage via the pumping 
port (fig. 3). Evacuation of the transfer line is 
provided by the microscope’s vacuum system. The 
evacuated transfer line extends inside the liquid 

Fig. 3. Photograph of the microscope set up for low dose 
operation (2) with the cold stage and cooling system in place. 

The Dewar of liquid nitrogen used for cold specimen transfer is 

mounted on a shelf just below the specimen airlock, and the 

two are enclosed by a plastic bag. This bag is flushed with dry 

nitrogen gas before the actual transfer is carried out. The tubes 

projecting from the top of the storage Dewar (right), not 

indicated in fig. 2, are used for refilling. A pressure gauge and 

safety valve is mounted on one of them. The pressure, and 
hence the flow of nitrogen vapor, is controlled by the variac 

shown, which operates the resistive heater inside the Dewar 

near its base. 
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nitrogen Dewar with the vacuum seal held below 

the level of the liquid nitrogen to minimize warm- 
ing of the coolant prior to entry into the stage. The 

tube runs along the transfer line, loops around the 
stage area and passes back along the same line to 
exit above the Dewar into the room atmosphere. It 
is held in place where it loops around the stage 
area using clamps made of teflon. Some material 
has to be removed from the stage block to accom- 

modate this tube. 

The cartridge support frame is cooled through 
three conducting leads connected to the coolant 
tube. The leads are copper fibers taken from the 
cooling brushes of the Philips anticontamination 
device and are soldered to the frame and to the 

coolant tube to obtain the most efficient heat 
transfer. The resultant increased drag on the lower 
translation plate necessitates replacement of the 

spring which connects it to the stage block by a 
slightly stronger one. 

2.4. Cold specimen transfer 

Transfer of the specimen holder from liquid 
nitrogen into the microscope is accomplished using 
the Philips injector rod and airlock assembly. In 
order to minimize condensation of atmospheric 
water vapor onto the grid during this process 
several precautions are taken. Suitable aqueous 
films are prepared on copper grids [3,5,6] and 
mounted in the specimen cartridge in a small 
Dewar of liquid nitrogen. This Dewar is then 
mounted just below the airlock entrance on a shelf 
(fig. 3). A polyethylene bag encloses both the 
Dewar and the airlock. Prior to transfer the bag is 
sealed and dry nitrogen gas is flushed through it 
for about 20 s. The specimen cartridge is then 
retrieved from the liquid nitrogen using the injec- 
tor rod and inserted quickly into the airlock. The 
airlock is allowed to pump for 10-15 s and then 
the cartridge is inserted fully into the precooled 
support frame.. 

2.5. System performance 

We have operated this cold stage with both 
liquid and gaseous nitrogen as the coolant. With 
liquid nitrogen as the coolant, the cold stage 

reaches a temperature of -160°C in about 30 

min. However, it does not operate very well under 
these conditions due to vibrational instability and 

a high rate of contamination. Much better perfor- 
mance is obtained with liquid-nitrogen-cooled 

vapor. With vapor cooling, the equilibrium tem- 
perature is not as low as with liquid nitrogen. In 

our experience, a specimen temperature of about 
- 12O’C seems to be optimal in terms of stability 
and specimen contamination. At this temperature, 
measured specimen drift is < 5 A/s, specimen 
contamination due to ice build-up is not detecta- 
ble, and sublimation of ice already present is 
negligible over at least a 2 h period. The capacity 
of the Dewar is sufficient to give a running time of 
about 24 h under these conditions. 

The cold stage has been used in a number of 
structural studies utilizing two-dimensional crys- 
talline arrays including gap junction and urothelial 
bladder membranes [8]. Although this stage has no 

tilting capability, we have found that three-dimen- 
sional data sets can be obtained by bending the 
grids to obtain the tilts [7]. The optimum operating 

temperature of - 120°C precludes the observation 
of specimens in amorphous ice films. Such an 
operating temperature may place a limitation on 
the type of biological specimen that can be ex- 
amined, since specimens containing large aqueous 
cavities appear to be damaged by ice crystal for- 
mation (see ref. [8]). The optimum operating tem- 
perature is limited primarily by the unacceptably 
high rate of contamination at lower temperatures. 
However, this limitation could be overcome by 
providing a more efficient anticontamination de- 
vice or by improving the vacuum in the micro- 

scope. It would then be possible to operate the 
stage, using vapor cooling, at sufficiently low 
temperatures to maintain ice in the amorphous 
state. 

3. Conclusions 

The cold stage for the Philips EM 300/EM 301 
described here can be built with minimal modifica- 
tion of the instrument and can be used with 
minimal alteration in microscope operating proce- 
dures. Its advantages over the commercially sup- 
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plied stage are a long running time between coolant 
refills, easy insertion of pre-cooled specimens, and 
greater resolution. The best operating temperature 
appears to be at - 120°C but could be lower if 
better anticontamination and better microscope 
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