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Supplementary Figure 1: Band-pass-filtered amplitude images for frequency ranges 

of (a, b, c) 0–0.1 nm
-1

; (e, f, g) 0.1–1 nm
-1

; (i, j, k) 1–2.5 nm
-1

. Top row: off axis; middle 

row: in-line; bottom row: hybrid method. Line profiles generated from the boxes marked in 

red are shown in (d), (h) and (i). Scale bar, 20 nm. 
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Supplementary Figure 2: Thickness independent mena inner potential maps: Top row 

(a,d,g): The inverted logarithm of the reconstructed amplitudes (specifically -2ln(An)) 

calculated for the off-axis, in-line and hybrid methods. Middle row (b,e,h): thickness-

independent V0λ
1,2

 images calculated for the of off-axis, in-line and hybrid methods. Profiles 

extracted from the boxes marked in red are shown in (c), (f) and (i). Scale bar, 20 nm. 
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Supplementary Figure 3: Illustration of the effect of the number of defocus steps used 

for the reconstruction. Top row: phase images reconstructed using the different numbers of 

defocus images indicated. Middle row: Fourier transforms of the images in the top row. 

Bottom row: phase profiles obtained from the region marked in red in the off-axis phase 

image shown on the right. 

 



 5 

   

 

Supplementary Figure 4: The effects of MTF a) Illustration of the effect on the phase 

profile of taking the MTF of the CCD camera into account. b) MTF of the CCD camera being 

used for this experiment.  In order to smoothen the MTF for use in the reconstruction the 

following equation was fitted to it: MTF(k) = 0.5559∙exp(-4.6362∙k)+0.3925∙exp(-

458.2232∙k
2
)   [3].  The abscissa and k in this expression are both the normalized spatial 

frequency, i.e. the spatial frequency |q| multiplied by the detector pixel size, so that kNyquist = 

0.5.  The MTF data measured for the 10 lowest values of k were not included in the fit. 
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Supplementary Figure 5: The effect of exposure time: Simulated 80 kV off-axis and inline 

holography data used to recover the phase images shown in Fig. 4. Poisson noise has been 

added in order to simulate the effect of finite exposure time.  Round illumination (=1), a 

source brightness of  = 2∙10
8
 Acm

-2
sr

-1
, a pixel size of 0.1 nm, and a field of view of 80 nm 

have been assumed.  (a) Off-axis hologram simulated for an exposure time of 0.4 s.  The shear 

distance xShear was equal to the field of view, and an optimized illumination semi-convergence 

angle of                    = 11.7µrad was assumed [4].  Fresnel fringes due to the 

biprism have not been simulated. (b) Fourier transform of (a). (c) and (d) Off-axis hologram 

and FFT for an exposure time of 0.1 s.  The green circles in (b) and (d) indicate the size and 

position of the numerical aperture used to reconstruct the wavefunction.  (e), (f), (g), (i), (k), 

(l), and (m) show the inline holograms simulated for the indicated planes of focus and 

exposure times of 0.043 s, adding up to a total of 0.3 s for the complete series.  The 

illumination conditions were chosen identical to those used for the off-axis simulation.  (h) 

Round illumination (=1) and a high spatial coherence (the small  specified above) were 

assumed, in agreement with the experiment. 
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