
Development of Cryo High-Resolution Transmission Electron Microscope Equipped 

with Cold Field Emission Gun for Structural Biology 
 

H. Iijima1, S. Motoki1*, K. Omoto1, T. Kaneko1, Y. Shimizu1, A. Ohsaki1, T. Fukumura1, N. Hosogi1,  

K. Kobayashi1, T. Ishikawa1, I. Ishikawa1, S. Ogiwara1 and Y. Ohkura1 

 
1. JEOL Ltd., 3-1-2 Musashino, Akishima, Tokyo 196-8558, JAPAN 

* Corresponding author: smotoki@jeol.co.jp  

 

In recent years, a single particle analysis (SPA), which enables analyzing the protein structure, is getting 

increased attention, because no crystal of a sample is required. With the advent of a direct-electron-

detection camera that offers low-dose imaging and enables compensations of sample drift and beam-

induced motion, the SPA now has become to have ability to yield three-dimensional density maps of 

proteins at near-atomic resolution [1,2]. However, to have good reconstruction by the SPA, a large 

amount of image data by automatic acquisition system is indispensable due to improvement of the signal 

to noise ratio (S/N) by averaging in image processing. In 2011, we started the development of a new 200 

kV cryoTEM (JEOL, JEM-Z 200FSC) with Shottky type thermal field emission gun (TFEG) focused on 

automatic data acquisition system with Prof. Namba of Osaka University and completed the prototype in 

2016 [3,4]. In 2017, we have begun to develop 300 kV cryoTEM (JEOL, CRYO ARM 300 (JEM-Z 300 

FSC)).  This microscope has made it possible to acquire high resolution data by adopting a highly stable 

column design and highly coherent and stable cold field emission gun (CFEG) inherited from the 

previously developed aberration corrected microscope (JEOL, JEM-ARM300F). We also improve the 

autoloader for cryo samples (CRYO SPECPORTER) (CSP), which was developed previously as a 

prototype, resulting in realization of a cryo-stage of higher usability. 

 

Biological samples such as proteins consist only of light elements. Thus, it is hard to obtain scattering 

contrast because of its small scattering power. And, the images are in low signal to noise ratio, since the 

images are acquired at low dose to prevent sample damage due to electron beam. Therefore, generally 

the images are acquired with large defocus of ~ 1 µm to enhance the image contrast at the low spatial 

frequency. This enhanced contrast is required for particle picking before image processing. However, 

with the given large defocus, the envelope function of temporal coherence (εc) on spatial frequency, 

which limits the amplitude extent of the phase contrast transfer function (PCTF), rapidly decays, 

resulting in loss of the information at high spatial frequency. The CFEG makes this situation improved 

because of its small energy spread. The energy spread by the 300 kV CFEG on the CRYO ARM 300 is 

provided to be 0.35 eV or better, which is less than half of that by Shottky TFEG. This small energy 

spread reduces the attenuation in εc, and it finally makes it easy to obtain information at higher spatial 

frequency as shown in the PTCF (see Fig. 1a). 

 

To cool down the sample to 100 K or less, the sample stage connects to the 3 liter liquid nitrogen tank 

placed outside the TEM column, via a flexible heat conductor. This flexibility prevents to transmit the 

vibrations generated in the tank to the sample stage. And, the sample is surrounded by cryo-shields 

cooled to be at 95 K or less, with liquid nitrogen, for preventing growth of ice contamination on the 

sample surface. This let water molecules in the TEM column to be adsorb on to the cryo shield before 

they hit the sample. Moreover, the cryo fin is shaped to be chimney type extended along the beam pass, 

to promote the adsorption of ice to the fin. The holes of the chimney pipe, cooled to a cryogenic 



temperature, are designed to be placed as far as possible from the sample, make reduce of the solid angle 

looking from the holes to a sample. This effectively reduces the probability to hit the sample by water 

molecules. Finally, the microscope surely provides the ice contamination growth rate reduced to be 0.5 

nm/hour or less. 

 

The vacuum of the autoloader chamber, where the CSP is, always keeps at the order of 10-5 Pa, when the 

separation valve between the specimen pre-evacuation and the autoloader chambers is closed. This 

guarantees that the loading and unloading of sample cartridges are doable with no vacuum degradation.  

The system provides capability of loading and unloading of up to four sample cartridges at a time. In 

other words, it is possible to load/unload arbitrary one to four loading positions of sample cartridges out 

of the twelve positions, with no disturbing the positions of other cartridge storing samples. The 

microscope thus-designed to be shared with multiple users has great benefit in the following case. In a 

situation when you have a sample suitable for SPA in the CSP and your use time of the microscope is 

going to be over, you can store the sample to a vacant position and another researcher can load a new 

sample into the CSP with no unloading of your samples, since the CSP has four loadable positions. 

 

Figure 1b shows a SPA result of Apoferritin obtained by the CRYO ARM 300 at RIKEN in Japan. The 

sample of the Apoferritin was derived from mouse and it consists of only the heavy chain expressed and 

purified.  The 120,295 particles used for the reconstruction were picked up from acquired 840 images 

using JADAS (JEOL Automated Data Acquisition System), and were used to make a model by RELION 

(MRC Laboratory of Molecular Biology). The resolution in Fourier Shell Correlation (FSC) = 0.143 is 

1.54 Å (see figure 1c). The fact that center holes of the six- and five- membered tryptophan rings are 

visible clearly indicates the high resolution of the reconstructed map.   
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Figures 1. (a) shows calculated PCTFs for 300kV CFEG, 200kV CFEG and 300kV Schottky TFEG at 

+1µm of defocus. (b) shows 3D model of Apoferritin deduced by RELION using data acquired by 

CRYO ARM300. (c) shows the final resolution of 1.54 Å in the obtained FSC curve. 


