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S1. BCMI Phase Retrieval Algorithm 

Following the BCMI propagation models, a dedicated phase retrieval algorithm was 

composed and its pseudocode is given in Fig. S1. The inputs of this algorithm are 

diffraction intensity measurements , the prior knowledge of the modulator 

function , the support function  and the object estimate ( ). To speed 

up the iterations, the -related phase term  [in equation (3)] can also be 

calculated in advance for use. In the main iteration cycle, all the recorded diffraction 

intensity slices, , will be looped through to update the running estimate of real-space 

object representation ( ). For each slice, the corresponding object projection is 

propagated to the detector plane using the forward propagation model of equations 

(6)-(10) (steps 2-5 in Fig. S1). The diffraction wave estimate   is then updated by 

applying the modulus constraint defined as 

= . (20) 

Using , the real-space object component ( ) can be obtained using the BCMI 

backward propagation model described by equations (11)-(14), and the updated object ( ) is then calculated by summing all the ( ) with equation (5) (steps 6-8 in Fig. 

S1). After getting ( ) in one loop, the real-space support constraint is applied (step 

9 in Fig. S1). If necessary, the support function can be refined using the shrink-wrap 

algorithm after a certain number of iterations (step 10 in Fig. S1).  



 

 

J. Appl. Cryst. (2023). 56,  https://doi.org/10.1107/S1600576723007720        Supporting information, sup-2 

  

Figure S1 Pseudocode of the BCMI phase retrieval algorithm. The pair ∙  and ∙  

are the forward and backward propagation operators between the object and modulator plane. 

The pair ℱ ∙  and ℱ ∙  are the direct and inverse 2D Fourier transforms. The waves in the 

front and rear plane of the modulator, and in the detector plane, are marked by m, M, and D, 

respectively.  
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S2. BCMI Reconstruction Results of model-1 and model-2 Crystals under Different 

Acquisition Diffraction Intensities  

 

Figure S2 The central diffraction slices and the BCMI reconstruction results of model-1 

(left) and model-2 (right) crystals when acquisition diffraction photons are 5 × 10 , 1 × 10  

and 1 × 10 . The BCMI diffraction data generation and phase retrieval use the same way as 

in the text. The scale bar is 200 nm and only the reconstructed central  phase cross sections 

are shown. 
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S3. Overall BCDI and BCMI Reconstruction Results of model-1 and model-2 Crystals 

 

Figure S3 (a), (b) 10 BCDI and 10 BCMI reconstruction results of crystal model-1. (c), (d) 

10 BCDI and 10 BCMI reconstruction results of crystal model-2. Only the 3D amplitudes are 

shown. 

 


