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EM WAVES RESULTS

Electromagnetic waves carrying the orbital angular momentum (OAM) DIFFERENT ANTENNA ARRANGEMENTS
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Phase of the wave Is twisted around the axis of propagation. The OAM wave Is
represented in the form of:

| | We compare the OAM mode quality of e L s =
A(r)e’” = A(r)e’ ;=1 different antenna array arrangements at | . N
o, millimeter wave frequencies to define the . . N
Where A(r) is the amplitude, ¥ = ¢p is the phase of o R ey orerequisites for the RAA for attaining ¢ ° . el F e & 2 & 8= =
OAM EM wave and ¢ is OAM mode of the wave. T e R nigh wireless data transfer performance.  « . . .
Here, we compare four different antenna a o

Currently being considered for use in optical wireless arrangements. Wavelength of EM wave IS
A = 5 mm. All antennas have similar

communications, as well as wireless communications _ _ 3 _
at terahertz and millimeter wave frequencies [1], [2]. dimensions, D = 40A. Dipoles have length .. g
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the squared 6*6 RAA (d). For RAA (c), ..
dipoles are packed in four strips with less
spacing between them, d = 1.1 mm. We
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Partial radiating apertures and discrete OAM wave sources: OAM mode quality
versus cost and complexity
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The apertures radiating with their entire observe the field in the z-plane, at a (e e
surfaces, often used In the optical domain, distance z = 4001A from the antennas. Antenna arrangements: (a) top left, UCA antenna with 16
: : dipoles; (b) top right, disk-like RAA antenna with 24 dipoles;
produce very high quality OAM EM waves. (c) bottom left, RAA strips with 160 dipoles and (d) bottom
However, partial radiating apertures and Versus right, RAA square with 36 dipoles.

discrete OAM wave sources, considered
here, facilitate OAM source reconfiguration
- - - uniform circular rectangular
a.S We” a.S mUItlpIeX|ng Of dlﬁerent OAM antenna arrays (UCA) antenna arrays (RAA)
modes trough a single aperture.

At terahertz and millimeter wave freguencies, powering and phasing of discrete OAM
EM wave sources often becomes increasingly more complex and costly.

It Is of interest to use low-cost, low-profile, efficiently powered and phased antenna
arrays consisting of a limited number of elements, while optimizing OAM mode quality.

Uniform Circullar Arrays (UCA) are often used to produce the OAM EM waves at

millimeter wave frequencies.
Rectangular antenna arrays (RAA) could offer some additional flexibility to the

designer, but the phase shifts are more complex, and optimization might be required to
obtain similar mode quality.

THE METHOD AND THE CALCULATIONS

Phase formation in the case of:
(a) top, squared RAA antenna 1 to 4 OAM mode,
(b) bottom, UCA antenna 1 to 4 OAM mode

It can be seen that Intensity of Ey
component deviates from the typical ring
shape obtained with the UCA source. Ratio
of the maximal field intensities in the two
cases (36 antenna RAA vs 16 antenna
UCA) is 1.85. If we look at the phase
formulation, we can see that the desired
phase profile is formed, i.e. there is screw

FleLD CALCULATION

Quasi-analytical method to model OAM mode-generating antenna arrays, starting
from a short dipole antenna model, proposed in [3].
We modeled the electric field generated by a
sub-array as:

field (observation) point, Fp,”

0

}: d like phase. For the third and fourth OAM
E.,(r,)= F, SH(BJ@’W@’GSW(PSH)E (r.,) ok \L ] mode, there is a phase profile deformity in
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formed In those regions, where the field
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: " lllustration of OAM UCA array. The coordinate pl’Of”GS improve, asS expected. Disk-like
/ g W . transformation between the global coordinate . -
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| T Jpr, system of the n-th antenna (r,, 65, @sn), took place L | squared RAA with slightly lower EM field
_ _ to ensure the correctness of the calculations. Field intensity in the case of. - d - gntly
Where the resultlng OAM fields were Link distance is denoted as z, (a) I?gt)’ ﬁgﬁfﬁgigﬁ‘;ﬁ:‘?:?Oli%iap‘rmcrgwe’ mtenSlty-
: : : : More detailed explanations of notation and ’
obtained by summing the weighted dipole calculations are available in (3. _
contributions: OAM MODE QUALITY
Na Na i i : i
_ _ Represented spectrum shows energy distribution for third OAM mode. It can be seen
E(l') Esn (rsn ) K(esn)EHd,n (rsn ) . .
=1 = that the mode purity is the best for UCA array, but other antennas show good
In the calculations, y polarization of EM wave Is proposed. agreement with the UCA spectrum. For lower modes mode purity is improving for all
| A | | antennas.
| [ ) [ | - Y e | AN \ [ &
(/ J ’// 1 \)// \ (/ ’ L J \) ‘ - [ ‘ (/ - ( J | (J // \ ‘ / ’ ‘ / ’ (j ’J L - 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 0 1000 2000 3000 4000 5000
(@) T — © Y — |
Analysis of characteristics of OAM waves is usually based on graphics representation " o
of a wave profile, which is an indirect indicator for quality of OAM modes. Purity of \|
OAM mode depends on the energy distribution of every mode, which can be seen from £ 3

OAM spectrum. Spectrum values can be got from decomposition of modes with
complex Fourier transform.
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PLr)= |5 y(p.r)e " dy . ' . .
0 2z Spectrum showed for 3 OAM mode for: (a) UCA antenna with 16 dipoles; (b) RAA square with 36 dipoles;
(c) RAA strips with 160 dipoles and (d) disk-like RAA antenna with 24 dipoles.

References Conclusion
1] A.E. Willner, G. Xie, L. LI, etal, J. Opt. 18, 074014 (2016). .. Utilization of uniform circular antenna arrays (UCA) as discrete OAM EM wave sources
3] A.Z. lli¢, J.Z. TrajkoviC, S.V. Savi¢, M.M. lli¢, J. Phys. A: Math. Theor. 56, 255701 (2023). ¢ | ¢ RAA q dditi | flexibilit t the desi g g
4] Y.H. Cho, W.J. Byun, Electron. Lett. 55, 503-504 (2019). rectangular antenna arrays ( ) provide additonal tiexipliity to the aesigner and cou

benefit from the well-developed theory and implementation methods of conventional
antenna arrays [4]. We compare the OAM mode quality of different antenna array
arrangements at millimeter wave frequencies to define the prerequisites for the RAA for
attaining high wireless data transfer performance.




