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  Section 1: Generation of OAM selective and OAM multiplexing holograms
Generation of  an OAM selective hologram can be illustrated on the inset  map above the hologram in Fig.  2(a) in the
main text. The Fourier transform hologram can be expressed as: 

H(x, y) = F {O(u, v)} , (S1)

(x, y) (u, v) O(u, v)where  and  represent the orthogonal coordinates in the hologram plane and the image plane and  is
the target image.

exp(jlsnφ1) lsn
φ1

A helical phase of  should be superposed on this hologram to form an OAM selective hologram, where  is
the  topological  charge  of  the  OAM  mode  and  is  the  azimuth  in  the  polar  coordinates.  After  preparing  a  series  of
OAM  selective  holograms  with  individual  OAM  charges,  the  procedure  of  packing  many  images  into  a  single  OAM
multiplexing  hologram  becomes  a  trivial  superposition  operationS1,S2 of these  OAM  selective  holograms  can  be  de-
scribed as: 

HN(ξ, η) =
N∑

sn=1

F {O(u, v)} exp(jlsnφ1) , (S2)

where N is the total number of the OAM selective holograms.

  Section 2: The influence of an OAM selective hologram illuminated by the mismatched OAM on the
reconstructed image

lsn = 1

ldm = −1
ldm = −1 ldm = −2

l

ldm = −2

To  illustrate  the  situation  of  decoding  an  OAM  selective  hologram  with  the  mismatched  decoding  OAM  charge,  an
OAM selective hologram of the letter “l” is encoded with an OAM charge ( ). According to the OAM selection rule
of the cross convolution theorem, holographic reconstructed image can appear at the first diffraction order (b=1) only
when the decoding OAM charge satisfies . We compare two situations of decoding the image with correct and
mismatched decoding OAM charges of  and , as shown in Fig. S1(a) and Fig. S1(b), respectively. We
can clearly see that when the correct decoding OAM charge is applied, each pixel of the reconstructed image exhibits a
Gaussian mode with a bright light intensity distribution. When the mismatched decoding OAM charge is applied, the
letter “ ” can still be reconstructed which is consisted of pixels with doughnut type (as can be seen in the enlarged insert
map on the upper right corner) while the overall brightness of the reconstructed image is really low. The decoding OAM
charge is measured using the astigmatic transformation patternsS3 induced by a tilted spherical lens in which the num-
ber of dark lines and inclination angle can judge the OAM value and symbol (as can be seen in inset map on the upper
right corner with ).

  Section 3: The OAM spacing to encode information for improving signal to noise ratio
In the experiment of high-speed information retrieval from an OAM multiplexing hologram. We demonstrate the rap-
id retrieval of the first 100 significant digits of π, in which 10 types of Arabic numerals ranging from 0 to 9 are encoded
with different OAM charges in an OAM multiplexing hologram. To analyse the impact of OAM spacing on the signal-
to-noise ratio  (SNR) of  retrieval  each image  of  the  Arabic  numerals,  we  simulate  the  performance  of  information re-
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Fig. S1 | Results of illuminating OAM selective hologram with correct and mismatched decoding OAM charge.
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trieval with different OAM spacing. Three typical OAM helical mode intervals are simulated with two different config-
urations with and without a mode-selective aperture array. The effect of the mode-selective aperture array is to enhance
the  SNR  of  the  OAM  selectivity  through  selecting  the  pixels  with  the  fundamental  Gaussian  mode  and  eliminating
pixels with other shapeS2.
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Fig. S2 | Simulated results of reconstruction of various images of Arabic numerals with different encoding OAM spacing.
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Figure S2 shows the  performance  of  reconstruction of  various  Arabic  numerals  with  different  encoding  OAM spa-
cing.  The  results  are  simulated  at b=1  (the  first  diffraction  order)  with  the  correct  OAM  selection  rule. Figure S2(a),
S2(c) and S2(e) are the results with an OAM spacing of =1, 2 and 3 without a mode-selective aperture array, and Fig.
S2(b), S2(d) and S2(f) are the results with a mode-selective aperture array corresponding to Fig. S2(a), S2(c) and S2(e)
respectively. We can see that with the increasing of the encoding OAM spacing, both results of the image reconstruc-
tion have better performance whether the selective aperture array is applied or not. However, when the OAM spacing is
too small,  we find that the signal  to noise ratio is  low even with a mode-selective aperture array.  The average SNR of
these 10 images with different OAM spacing is calculated to be 5.30 ( =1), 8.18 ( =2) and 9.59 ( =3) when the mode-
selective  aperture  array  is  applied.  An improvement  on SNR is  found with  the  increasing  of  encoding OAM spacing.
Therefore, in order to obtain good imaging results experimentally, we choose the helical mode interval equal to 10.

  Section 4: The dependence of the encoded OAM capacity on the hologram resolution

βmax = arctan(λ/2p) λ p
Dmax = 2f tan(βmax)−H f

H
lmax

Dmax Δl
lmax/Δl

In  OAM  holography,  the  sampling  constant  is  proportional  to  the  OAM  helical  mode  indexS2.  That  is  to  say  the
sampling distance increases as the helical mode index increases. The maximum diffraction angle of a digital hologram
can be expressed as , where  is the wavelength of light and  is the size of a single pixel of the holo-
gram. According to ray optics, the maximum size of the reconstructed image is , where  is the
focal length of the Fourier lens and  is the size of the hologram. Therefore, the maximum size determines the maxim-
um helical  mode  index  ( )  that  can  be  used  when  considering  the  limit  case  that  sampling  distance  is  equal  to  the
value  of .  In  an  OAM  multiplexing  hologram,  when  the  appropriate  OAM  spacing  ( )  is  fixed,  the  number  of
frames that can be encoded is then determined by . Therefore, we can plot the relationship between the pixel size
of the hologram and the maximum mode index to illustrate the capacity of the maximum frame numbers of images de-
cided by the resolution of the device that records holograms. It is not difficult to see that as the pixel size of the holo-
gram decreases, the maximum mode index increases rapidly, so that a higher frame number of images can be recorded
with a metasurface.

  Section 5: The principle of 3D OAM holography

zi

As shown in Fig. S4(a), it describes a real 3D object (airplane) consisting of a large number of discrete images. In order
to realize 3D OAM holographic display, each image describes a slice of a 3D object in a specific plane, and all these im-
ages should be encoded into a single hologram. To implement 3D OAM-selective holography (Fig. S4(b)), all images are
first sampled through the space-frequency domain. It is worth noting that the spatial frequency of the helical mode de-
termines the minimum sampling spacing, which is larger compared to previous holography. Next a series of parabolic
phases are used so that different images can be focused onto different  coordinates in the reconstruction process. Then
we use a same helical  mode index to achieve the OAM-selective holograms. Finally,  through a simple stacking opera-
tion, a 3D OAM-selective hologram is formed, and can only appear with opposite helical mode index according to the
OAM selection rule. Therefore, the hologram has a form of: 

HN (x, y) =
N∑

n=1

{
M∑
u=1

M∑
v=1

On (u, v) exp [j2π (ux+ vy)] · exp (jlsφ)

}
· exp

[
−j

π
λzn

(x2 + y2)
]
, (S3)

On(u, v) znwhere  stands  for  complex  amplitude  distribution  of  the N images  and  is  the  position  where  the  image  is
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Fig. S3 | The maximum helical mode index dependence on the pixel size of the hologram.
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projected at.
To construct an OAM selective hologram for a true 3D object, the increasing of the sampling distance proportional to

the spatial frequency of the OAM helical mode is essential. This leads to a reduction of the valid pixel numbers of an im-
age of each plane. As described by the referenceS1,  each image is considered as a N-dimensional vector. Therefore, the
reduction of valid pixel numbers leads to the decline of the dimension directly.  As a result,  the orthogonality of these
vectors degenerates as the dimension decreases and the cross talk between the reconstructed images cannot be elimin-
ated effectively. Therefore, the increase of the superposed 2D images at different image depths in our system will bring
large crosstalk, limiting the performance of 3D OAM holography to reconstruct a true object with a continuous z profile.
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Fig. S4 | The principle of 3D OAM holography.

Meng WJ et al. Opto-Electron Sci  1, 220004 (2022) https://doi.org/10.29026/oes.2022.220004

220004-S5

 



  Section 6: The description of the supplement video of the fast switching OAM multiplexing holography via
cross convolution
This is a supplement video of an OAM multiplexing holography via cross convolution to deliver the first 100 significant
digits of π. Among them, the first 10 frames are the refresh rate of 1 Hz, and the rest are refresh rate at a high speed of
100 Hz.
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