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    Physical phase plates (PP) for transmission electron microscopy (TEM) enhance the phase contrast 
by inducing an additional relative phase shift between the scattered and unscattered electrons. The 
phase shift can be achieved by the mean inner potential of a thin-film PP [1] or by electrostatic PPs 
which produce a localized electrostatic potential in the back focal plane of the objective lens [2]. While 
thin-film PPs induce a fixed phase shift determined by the film thickness, electrostatic PPs provide 
adjustable phase shifts which are determined by the applied voltage. Some groups have already 
shown contrast enhancement using a Boersch PP in TEM [3,4]. However, the contrast shown in these 
publications is dominated by the effects of complete obstruction of electrons at low spatial frequencies 
by the central ring electrode and the three supporting bars. The obstruction is significantly reduced by 
the Zach PP [5] (Figure 1a), a PP design consisting of a microcoaxial cable with an open end. The 
Zach PP comprises an inner electrode which is surrounded by an insulating and a shielding metal 
layer. The tip width and thus the obstruction of electrons are minimized by an improved fabrication 
process. The localization of the electrostatic potential is improved by a small open electrode area of 
300nm x 60 nm (Insert of Figure 1a). The implementation of a micro-structured heating device yields 
significantly reduced contamination and electrostatic charging [6]. 
    The inhomogeneous electrostatic field created by the Zach-PP decays rapidly with increasing 
spatial frequencies as shown in Figure 1b. However, a non-zero phase shift is imposed on electrons 
passing the PP-tip at low spatial frequencies. Within this “soft” cut-on frequency range, the relative 
phase shift decreases. Hence, the achievable phase contrast is reduced for low spatial frequencies, 
which limits phase contrast formation to objects with sizes below 10 nm. Nevertheless, this is an 
advantage compared to the total obstruction of low spatial frequencies by Boersch PPs. 
    We present results obtained with a Zeiss Leo 912 Ω equipped with a LaB6 cathode and a Zach PP. 
Figure 2 shows images of small CdSe nanoparticles (6-8 nm) deposited on an amorphous carbon film 
for different applied voltages. The film and the particles exhibit astigmatism-like contrast in the image 
without applied voltage (Figure 2b) arising from the obstruction of electrons by the Zach-PP bar and 
the abrupt phase shift change at the PP-tip. If a voltage is applied, positive and negative phase 
contrast is achieved as demonstrated by Figure 2a and Figure 2c.  
    Figures 3a-c show three power spectra and small sections of the corresponding PP-TEM images of 
~2 nm Au nanoparticles deposited on an amorphous carbon film. The power spectra reveal good 
imaging conditions without obvious effects of contamination and charging. The phase shift is clearly 
recognizable by the shift of Thon-rings. 

PP-assisted object wave reconstruction is possible with an inline holography method using three 
PP-TEM images taken at different phase shifts [7]. This method is not restricted to weak-phase objects 
as the phase shift is only imposed on the zero-order beam and nonlinear image contributions are 
eliminated in the calculation of difference images. Figure 4 shows the reconstructed amplitude and 
phase of the Au nanoparticles shown in the inserts of Figure 3. 
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Figure 1. a) Scanning electron microscopy image of a Zach PP. The insert shows the open end of the Zach PP 

revealing the inner Au electrode, the surrounding insulator (dark contrast) and shielding Au layer. The aperture 
size is about 80 µm, the tip width is 800 nm. b) Phase shift of a Zach PP simulated for 1 V applied voltage, an 
electron energy of 120 keV, and 3.6 mm focal length of the objective lens. The phase shift has its maximum at the 
PP tip and decays rapidly towards increasing spatial frequencies. 
 
 
 
 
 

 

 

 

 
Figure 2. PP-TEM images of CdSe nanoparticles on amorphous carbon. Applied voltages are a) -3 V, b) 0 V and 

c) + 3 V. The astigmatism-like contrast visible in b) arises from obstruction of electrons by the PP bar. Phase 
contrast inversion is obtained by inverting the applied voltage. 

Figure 3. Power spectra of PP-TEM images of Au nanoparticles deposited on an amorphous carbon film. Inlays 

show 26 nm x 26 nm of the corresponding images. Applied voltages are a) -2 V, b) 0 V and c) + 1 V resulting in a 
shift of Thon-rings. No contamination and charging artifacts are visible. The defocus value is about -380 nm. 
 

 
 
 
 

 

 

 

 

 

 

 
Figure 4. Reconstructed a) Amplitude and b) Phase of Au nanoparticles shown in the PP-TEM images inserted in 

the PP-TEM images inserted in Figure 3. 
 
 
 
 
 


