% 50% £ 18 #1/2023 F£ 9 B/HEE

T A i 05 4 v 19 3 S T ik 4 2

R, HHRR, ZAR

WYKL T2 T O, MEADER TS, RO MR e FE A9, 17K 331 518060

WE HART— B BAT 20 A R 4R A D RE BRSO RE . D T SR AT I i A 4 B PR 3 R R N E B AR
SEIUPE . S M A T R Y 2R i PR B M R SR DI RE S B 1 — BRI 7 Uk A BN ROR o TEIZHOR
TR A ST A A T D P R B LA A o R T AR R A T A R I (A T (5 B AR e £ R TR
ity 2 ORI BOPR TR DX % 3 I, AR {7 37 i D) D ok 2 A% 375 S A+ 158 fh I D't R 2 1 881 g i D6 o A 2 B it
A, RS (QR T ) FAR I 2 /A0 £ 280 42 5 T 1 0k — 2B RO 2 5 8., LR s 5 B 2 ko Frfg s Bk A 2

R IE XX

T — 25 8 TH RO 22 Sk RS RA BR3P 7K T 8 0l 2 £ S0 36 0 i 3 2 00 77 fk 4 U ) PR R o
REIE  RMEOLY; BRI ZaWIREEME; QRIG; 28

FESEE 0436 XEKFRER A

1 7 El

T 2 1T A 36 808 A 8 4 0 i i ) 2 A AR 4
e O BT AN o A A ) R T A S RE %
I RGBT RN AR O 755K, 38 i T O R
THA ZMB A i EROES R A b AR 4T
Ep OesE Y S s 2 BRI AR Lot
ARG R AT T e

JCHATVF Z ZEA VAL S5 AR AL i 4% 350
NG BUIE f A BE AR Bl AT P A i R
e KSR, W TOE 5 B B A A
A% i e 15 25 o e 4 o R R 0 1) i I R 3 T AT LA
S AR S A O BB R T A B . BRI 4 BT
f1h 4 G 1 3 3 e A 9 I RS R O SR ok AR R
O P 2 S AT A ok 1 A8 AT 5 O 4R O 1Y, A0 45 £ A
R T30 i I A T 4 R 22 30 i I o 1R 2 T 4 R
A DOk, C 2 US T B R, E T 5 B e
Y M R R I 2 aE I A R
(B T Y R, T 2B AR 8 37 i Ak 42 B 5 1R T WF N B
AR R B o 2 THT AT LA S 245 ) P A il o o O
JE TR, [ 7 £ 25 ] o 2R R AR U 42 L IR . 5 4h,
o P OBUAR A2 753 il 5 94 o 2 T ] L A 2R £ 128 B ) £ °F
b 7 A g S B BT BT B i 4R AR S R AT
SRS ER R O R T A T R A
SR T B 7 (meta-FZP) & — Fog RO oo 4, B
AV Z I ERREE . A TR R TR R TR

DOI: 10.3788/CJL230695

ERU A R 6 1R A 3R OE 10 5R WE A G R R 4R L OF
156 0 O R S T 2% SRR R A
F D 5 S % T A B RS 72 Ak A LA R TR
A R A RS A BB R T %
108 1 P A (7068 D5 T 2L R B K 24 8 6 T 9 45 T 2 5
BRI AT: 25 A S O 45 75 590 8 2 0 0 265 B0 0L BT
e 5 T A 093 5 O 4R 4 8 VAT 5 TR A
T

S5 AR T — T S B B MR 9 4 S I B e
ST T4 T 25 T L 0 6 TR 28 P e 795 /1 9 U 00 2 08
T DA M . 2 (S R 2 T P B R34 3 %
T i 55 0 45 18 7 R 0 6 O R o 4 TR 5
S A K LA A B T R R S0 e DB IS A R R
B Ab L4 SR P A B (QR B ) AR B /A 37 80 4
R R A B B A b . QR A8 T O 4 A
A e 5 I 1 £33 T LA T LA MR (L A
WO TR . R RIS T 4 BN 0 2e 4 e T
B,
2 wit5#e

Vel 1 i R 4 T A P 5 D % 4 2 1 D
3165 ST T T D 4 B A B0 7 e IR G R
S (LCP ) Ak Ja 45 1 B i 92 96 (RCP) 0 22 W 18] 0 28
SR BRI T 0 0 % S 84 25 R IR A 4 A L L
BT 4 e 75 1 B I 4 I £ O T Ak 7
H 2B f) QR B P42 37 it T HLA LA 53 QR T L

i BEHEL: 2023-04-10; 1&EIEHHA: 2023-05-17; FABHI: 2023-05-24; MEEHEEZBH: 2023-06-06
BEEWB . I 44 5L 5L ST & K5 H (2020B0301030009) H K B &R 254 (61935013, 61975133) JEHI B 45
TR LR ZY T S35 H (JCYJ20180507182035270, JCYT20200109114018750) R FL4E H AT H (KQTD20170330110444030)

BEIEE . "ayst31415926@szu.edu.cn; “xcyuan@szu.edu.cn

1813015-1


https://dx.doi.org/10.3788/CJL230695
mailto:E-mail:ayst31415926@szu.edu.cn
mailto:E-mail:xcyuan@szu.edu.cn

158818 3L #=50% & 18 #1/2023 £ 9 A/ EEk

IR MR 250 /AR o Y 4 TR, AR i e R A () e SR TR i o TR B AL BT R A D @, R b, v
FCEAT 0 R ot A g gt T LA 30 i 26 1) o o R4S H h(h=1000 nm) , BJC A P 500 nm. [ 2(b) |

P LR TR AT o D

Fig. 1 Diagram of the metasurface zone plate encryption
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Fig. 2 Modulation mechanism of metasurface zone plates. (a) The top and side views of the meta-atom; transmission (b) and phase (c) of
the meta-atom with different sizes along x-polarization under the x-linearly polarized light with the wavelength of 633 nm;
transmission (d) and phase (e) of the meta-atom with different sizes along y-polarization under the y-linearly polarized light; under

the left-circularly polarized incident light, the metasurface (al) consists of the odd metasurface zone plate (a2) and even
metasurface zone plate (a3), where the amplitude and phase of the former were exhibited in Figs. (a4) and (a5) and those of the

latter were exhibited in Figs. (a6) and (a7)
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Fig. 3 Encoding information of transmitted circularly polarized light. (al)(a2) QR codes; (b1) QR codes generated amplitude-only

hologram; (b2) QR codes generated phase-only hologram; (c1) calculated encrypted intensity profile in the far field of the

amplitude-only hologram; (c2) calculated encrypted intensity distribution in the far field of the phase-only hologram
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Fig.4 Hologram phases on the odd annular zones of the transmitted right-handed (al) and left-handed (b1) circularly polarized light

under the left-handed circularly polarized light , and the corresponding output phase distributions along the x-direction (c1) and y-

direction (d1) under the x- and y-linearly polarized lights, respectively. The corresponding geometric phase is shown in Fig. (el).

The hologram phase on the even zones of the transmitted right-handed (a2) and left-handed (b2) circularly polarized light under

the left-handed circularly polarized light, and the corresponding output phase distributions along the x-direction (c2) and y-

direction (d2) under the x-and y-linearly polarized lights, respectively. The corresponding geometric phase is shown in Fig. (e2)
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Far-Field Polarized Holographic Encryption by Metasurface Zone Plates

Xia Tian, Xie Zhenwei , Yuan Xiaocong
Nanophotonics Research Centre, Institute of Microscale Optoelectronics & State Key Laboratory of Radio Frequency

Heterogeneous Integration, Shenzhen University, Shenzhen 518060, Guangdong, China

Abstract

Objective Metasurfaces have flexible polarization manipulation functions; however, a lens must be added to obtain the desired far-
field-polarized holographic images. This study demonstrates a novel far-field polarization holographic encryption method using flexible
polarization manipulation and the focusing capabilities of metasurface zone plates. Two spin-multiplexed metasurface zone plates are
integrated into a single metasurface device, where the amplitude (right-handed circular polarization conversion rate) of the metasurface
is used to encode the odd and even annular regions of the zone plates, and its phase modulation is utilized to encode two holograms of
the transmitted right and left circularly polarized light. Additionally, QR codes and amplitude-only/phase-only holograms are used to
hide encrypted information and improve data security. The proposed encryption technology is expected to enhance data security and

privacy protection and promote the development of optical information encryption and high-density data storage.

Methods The metasurface consisted of odd and even zones of a metasurface zone plate. When left-handed circularly polarized light
is incident on the surface, the odd and even zones transform the light into right- and left-handed circularly polarized light, respectively.
The polarization conversion efficiencies are 100% and 0% for the odd and even zones, respectively. For the odd zones, the amplitude
of the transformed right-handed circularly polarized light is equal to one. For the even zones, the amplitude of the transformed left-
handed circularly polarized light is also one. Therefore, the amplitudes of the odd and even zones can be considered amplitude-only
odd and even Fresnel zone plates, respectively. In addition, the phases of the odd and even zones were designed as holograms
corresponding to right- and left-handed circularly polarized light, respectively (Fig. 2). Thus, the two types of holograms have their
respective holographic images in the same focal plane of the amplitude-only odd and even Fresnel zone plates. However, because the
images overlapped, the desired encrypted holographic images could not be identified. Therefore, filtering out the right- or left-handed
circular polarization can decrypt the corresponding encrypted holographic images.
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Results and Discussions We use a QR code-generating website to create QR codes that correspond to amplitude-only and phase-
only holograms. We then apply the GS algorithm, based on the Fourier transform relationship, to generate either an amplitude-only or
a phase-only hologram. Subsequently, the amplitude-only hologram and phase-only hologram undergo Fourier transform to produce
an encrypted intensity profile and an encrypted intensity distribution, respectively (Fig. 3). The odd and even zones refer to the
designed holograms corresponding to the output right- and left-handed circular polarization components, respectively. Although
transmitted phases exist for the left and right circular-polarization components in the odd and even zones, respectively, the amplitudes
of these phases are essentially zero and can be disregarded (Fig. 4). To simulate the diffraction light field distribution of actual
metasurfaces, we match the phase and amplitude of a single pixel in the annular region in Figs. 4(c1) and (d1) and Figs. 4(c2) and (d2)
to the transmitted phase and transmission rate of all corresponding positions of the metasurface using the phase and transmission rate
databases of differently sized meta-atoms in Figs. 2(b)~(e). The complex amplitudes of the left- and right-circularly polarized light
transformed by the metasurface are calculated using the transmitted phases and geometric phases in Figs. 4(el) and (e2). Finally, the
diffraction light field distribution at the focal plane is calculated using the - and y-polarization components of the actual complex
amplitude of the circularly polarized light and diffraction formula (3) and (4). Because the transmission rate and phase of the meta-
atoms differ from the expected amplitude and phase, the center of the Fourier hologram focal plane may have a high-intensity bright
spot, making it impossible to display the hologram image. To eliminate the disturbance of the bright spot in the hologram image of the
transmitted left-circularly polarized light, we set all values in the central area of the actual light intensity distribution with a size of
16.5 pm X 16.5 pum to O, which is equivalent to physically blocking the central zero-order with an opaque square screen, thus obtaining
the QR code image represented in Fig. 5. Figure 5 shows the simulation results representing the hologram image at a simulated
distance of z=14.1 mm. The transmitted QR code intensity profile could not be recognized by the phone camera when the left-handed
circularly polarized incident light i1s used. However, when the transmitted right-handed circularly polarized light is filtered out, the
calculated QR code intensity profile can be identified using a phone camera. The decrypted information corresponds to the amplitude-
only hologram, and we obtain the final decryption information by performing a Fourier transform on the amplitude-only hologram
transmittance function. Moreover, by filtering out the transmitted left-circularly polarized light, the calculated QR code intensity
profile can be identified using a phone camera. In this case, the decrypted information corresponds to a phase-only hologram, and we
obtain the final decryption information using the Fourier transform of the phase-only hologram transmittance function (Fig. 5).

Conclusions We introduce a novel approach for achieving far-field polarized holography encryption by integrating two types of
metasurface zone plates into a single dielectric spin-multiplexed metasurface. Specifically, we utilized amplitude-only odd- and even-
zone plates for their amplitudes and phase holograms of the transmitted right- and left-circularly polarized light for their phases. Our
results demonstrate that encrypted information can only be decrypted when a single circularly polarized state is filtered. The use of QR
codes and amplitude-only/phase-only holograms further improves information security. The proposed metasurface technology has

potential applications in the fields of data storage and information encryption.

Key words optics at surface; metasurface zone plate; far-field polarized holography encryption; QR code; holography
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