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Fig. 1. Schematic diagram of metasurface hologram: (a) Sche-

matic diagram of metasurface-based holographic imaging;

(b) the unit cell diagram in one period.
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Fig. 2. Variation of phase shift and transmission with dia-
meter for the unit cell with various period: (a) Phase shift;

(b) transmission.

2.2 #iEMitEL£2EIET

e B EB ST, TR 4 R R
SEELES A WoR. RILTE T ie st b sl AWt
Uy 52550 U. N Blesih BN, eyt
NN Y SN R R SN B R S e P Wi )5S

s BRI AT, R R
Ug = Aqexp [i@d (‘Tv y)} ) (1)

Ur = Arexp [i@r (x7 y)]
= Arexp[i(zcosa + ycos 8)], (2)

Hor, Ag R A, 3 222 5 I i SR
o4 F1 o, 3 ALRYIER S CBIMNT; o, B5351 R
ZHNCANP TG o, y WA, R TR
B, WSS H T W ESINEWRIE T4 nT %
A
I(z,y) = |Ua(z,y) + Ur(z, y)[?
= [Ua(z,y)* + Uiz, y)* + Ua(z, y) U (2, )
+Uj (z,y)Ud(2, y)
= (A3 + AY) + AaArexpli(pa — #0)]
+ AaAr exp[—i(pa — ¢r)]
= A2+ A2 + 2444, cos(pg — ©r), (3)

Hrp, Uy MUy 533 emE2 o tny s 2.

s/ TR N e Ay el A R SN N E B
M 3(a) Bz iy B s BG4 ik r (5 2.
B, B ERE TR SO S Y T &
iy IARAAEL & AR 42 B L, il 3(b) B,
Bt 45°, S04 G B, T
AT B B Al n 4 5%, WAl 3(c) . ATLLE
BT DR T A B g, e B
L EATF 2 =05 m Al y = 0.5 m N EAL, S5k
180zl 45°.

1.0

y/m
o

—-1.0 -0.5 0 0.5 1.0

.'L'/l’l'l

B3 BB () HEREE: (b) M4 G
(o) TRHLA L 4 B

Fig. 3. Simulation of off-axis hologram: (a) Target pattern;
(b) phase-only hologram; (c) computer-generated hologram

imaging.
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Fig. 4. (a)—(h) Numerical simulation results of holography images with the unit cell periods of 280, 290, 300, 310, 320, 330, 340,

and 350 nm; (i) centre coordinates of holographic images corresponding to different periods; (j) fitted curves of the dependence of
the holographic image center coordinates x and y on the unit cell period.
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Fig. 5. (a)—(j) Numerical simulation results of holography images with the unit cell periods of 310, 312, 314, 316, 318, 320, 322,

324, 326 and 328 nm; (k) fitted curves of the dependence of the holographic image center coordinates z and y on the unit cell period.
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Fig. 6. Imaging performance under different periods: (a) Ideal imaging result; (b) PSNR; (c) SSIM.
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Fig. 7. Electric field intensity distributions from numerical simulations for unit cell periods P = 310, 316, 324, and 330 nm:

(a)—(d) The nanopillar diameter D = 100 nm; (e)—(h) the maximum nanopillar diameter at 27 phase.
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Fig. 8. (a)—(j) Numerical simulation results of holograms generated by the off-axis angle of 0°, 5°, 10°, 15°, 20°, 25°, 30°, 35°, 40°

and 45°.
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Off-axis metasurface holographic imaging positions
based on periodic modulation®

GUO Wenhao! PU Xinxin? ZHANG Wei?t LIANG Haifeng !
ZHU Yechuan* HOU Jinyao!  SUN Xueping
ZHOU Shun  LIU Weiguo D1t

1) (Shaanzi Province Key Laboratory of Thin Films Technology and Optical Test, Xi’an Technological University, Xi'an 710021, China)
2) (Shenzhen Key Laboratory of Ultraintense Laser and Advanced Material Technology, Center for Intense Laser Application
Technology, and College of Engineering Physics, Shenzhen Technology University, Shenzhen 518118, China)

( Received 7 August 2025; revised manuscript received 24 September 2025 )

Abstract

Metasurface holography based on planar optical devices has attracted considerable attention due to its
potential for miniaturizing optical components and systems. However, traditional on-axis holography has

inherent zeroth-order diffraction and twin-image effects, which significantly degrade image quality and limit its
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practical applications. Off-axis metasurface holography, in contrast, provides a promising solution to overcoming
these limitations. In this work, we design a metasurface hologram composed of titanium dioxide (TiO,)
nanopillars on a silicon dioxide (SiO,) substrate, by using the high refractive index and low optical loss of TiO,
in the visible light range to achieve efficient phase control. The unit cell height is set to 600 nm to ensure
sufficient phase accumulation, and the working wavelength is 635 nm. The hologram is constructed by mapping
the continuous 0-2w phase distribution obtained from computational holography onto the unit cell array, and

changing the nanopillar diameter to achieve full phase coverage. We systematically investigate the effect of the

unit cell period on the imaging position in off-axis
holography. Numerical simulations show that as the
period increases from 280 nm to 350 nm, the center of
the holographic image gradually shifts toward the
center of the image plane. The optimal period is found
to be 324 nm, at which the image is reconstructed
precisely at the designed position. Further simulations
using different off-axis angles (0°-45°) and nanopillar
heights (6002000 nm) confirm that the imaging
position remains fixed at the target location, indicating
that it is mainly determined by the unit cell period
rather than other structural parameters. These results
demonstrate that by carefully selecting the unit cell
period, the holographic image can be accurately
reconstructed at a predetermined positions with high
image quality, providing theoretical guidance for

designing high-precision off-axis metasurface hologra-

phic imaging systems.
Keywords: metasurface, off-axis hologram, unit cell period
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