WO 2025/174324 PCT/SG2025/050086

1/13

100

{J

for each of the plurality of target beam focus positions: determining, 106

for each unit cell of the plurality of the 2D array of unit cells, an
interference pattern at the unit cell between a reference wave from a
multi-mode OAM signal transmitter to the unit cell and an object
wave from the target beam focus position to the unit cell

for each unit cell of the plurality of the 2D array of unit cells:

108

L

determining a holograph pattern based on the interference
patterns determined at the unit cell for the plurality of target /
beam focus positions

| 110

(

determining a degree of phase shift for the unit cell to provide /
based on the holograph pattern determined for the unit cell

| 112

controlling the unit cell to be at a selected one of the plurality of
wave propagation path states corresponding to the degree of /
phase shift determined for the unit cell to provide

{
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502

providing or forming a first dielectric substrate having a first side and a second
side opposite to the first side

| 504

providing or forming a second dielectric substrate having a first side and a
second side opposite to the first side

forming or disposing a first metallic layer on the first side of the first dielectric 506
substrate, the first metallic layer comprising a first metal microstrip line /J
controllable to be at any selected one of a plurality of wave propagation path
states for providing a corresponding degree of phase shift for the incident
electromagnetic waves irradiated on the first metal microstrip line to produce
intermediate electromagnetic waves

forming or disposing a second metallic layer between the first and second
dielectric substrates, the second metallic layer comprising a first metal
microstrip line connected to the first metal microstrip line of the first metallic
layer through a first metal via and is controllable to be any selected one of a /\/
plurality of wave propagation path states for providing a corresponding degree
of phase shift for the intermediate electromagnetic waves received from the
first metal microstrip line of the first metallic layer through the first metal via to
produce output electromagnetic waves

forming a third metallic layer on the second side of the second dielectric
substrate, the third metallic layer comprising a first metal microstrip line
connected to the first metal microstrip line of the second metallic layer through /‘/
a second metal via and configured to radiate the output electromagnetic waves
received from the first metal microstrip line of the second metallic layer through
the second metal via

508

510

FIG. 5



PCT/SG2025/050086

WO 2025/174324

6/13

T-0%9

S IOAF XYY

APNYRA BPBBL
079 138218 WY D
APO -

{ w08 e nonyaseadmos
aseyd gdeidop i’ vOI4

BOIIEES 584 U0

DS WY
SPOT-BIUIY 4N
029 009



WO 2025/174324 PCT/SG2025/050086

7/13

712 710

~
fewd Lewl Ll bl (el Ll Il lsd sl Ll
el el el el el el el sl s

FIG. 7



WO 2025/174324 PCT/SG2025/050086

8/13

710

Ted L) ot T demd Tl vt Teh e Tl
Lie! Tl Tl S T Tl T Tl Tl Tl
ﬁ%&@&;&&w@g&g&
mm&\m&smmmmm
w@@w@m@mmm
et Taed et Tt T o Tl Tl Tt Tl
T Tt Tl Tt Tl o Tl ol Tl Tl
m@@mmmgw@&g -
/\// Back side

712

784~ /

142., N F
Q&§§§

TR R TR T R T

RIS board

e Vit gl

PIN diades

]
Ldd

> BN SN ans
r’ Front side Back side Right side
742
The 80-degree
PIN diodes delay network
760

FIG. 8



WO 2025/174324 PCT/SG2025/050086

9/13

710

FIG. 9



PCT/SG2025/050086

WO 2025/174324

10/13

V0T 'Sl

55 55

X
2

Gt o ORI

N

\;»

a0
o

oy

fapropubap} mpuRRES



PCT/SG2025/050086

WO 2025/174324

11/13

d0T1 'OlId

HY Gt

Tapropfeys) sepaumings



WO 2025/174324 PCT/SG2025/050086

12/13

Mode ¥ Mode 2

G T

e w\: N \ N \\\ \ X N
Model  Moded @ \ LN Foesst

& T

LR

Modte d Muode X

- R
- T

¥

Vil m

FIG. 11



PCT/SG2025/050086

WO 2025/174324

13/13

[ANOF

019

009



