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Abstract s

A gultifunctional metasurface has attracted drastically growing interest, serving as a prominent
ca cope with both device miniaturization and integration. Conventional transmissive

bi etasurfaces working for visible light inherently suffer from several demerits owing to the
usa@of fgeometric phase and spatial multiplexing scheme. Research endeavors have been mainly
deve e implementation of a static device. In this work, a highly efficient bifunctional dielectric

taking advantage of a unit cell (UC) the building block of which capitalizes on a nanopost

ocusing distance. For the fabricated sample, the normal transverse-electric incidence within a spectral
band from 600 nm to 715 nm is angle-resolved to a single diffraction order via the beam deflection,
th a bright line focus is attained at the target focal plane for the normal transverse-magnetic

in A = 650 nm. This work will initiate a positive prospect for the development of high-

c
peromnable multifunctional metasurfaces.

1. Brtroduction
the fact that the light wavefront is mediated by the accumulated phase shift over a
i g propagation distance, conventional optical devices have inevitable shortcomings,

includi ir bulky size, heavyweight, complex shape, and limited performance. Thus, they are
neither in dgmpliance with device miniaturization nor suitable to be deployed in integrated photonic
Sys) ree-dimensional metamaterial, exhibiting exotic material properties that do not exist in
nature, o more flexibility in manipulating electromagnetic waves in an elegant way and providing

ented phenomena, such as negative refractive index,!" perfect lensing,”” and cloaking.””! Yet,
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the metamaterial is a composite material, which typically involves layered structures, requiring
relatively complex fabrication processes; therefore, in practice it is not popular for use in device
miniaturization. A metasurface, which is regarded as a two-dimensional metamaterial, has recently
Wa prominent alternative to the metamaterial because of its ability to cope with the
afofementioned issues. An optical metasurface is particularly supposed to engage subwavelength-
lic or dielectric nanostructures (meta-atoms), whose size, shape, and orientation can be
acilitate the manipulation of the light amplitude, phase, and polarization. In light of these
salient features, a plethora of ultra-thin optical devices, including beam deﬂectors,[4’5] metalenses,[6’7]
o PEPIRESE %) nd meta-holograms,' ™' were extensively studied.

S majority of the invented metasurfaces have exhibited a single, predetermined function.
Beg@itse he ever-growing demand for improving the capacity for data storage and information
maflagement] it is highly desirable to have a single device with versatile functions. This was recently
made ible by the development of a metasurface in which multiple functions can be realized by
confrol e polarization, wavelength, and incidence angle.!">*" For instance, by varying the helicity
of Wcidentd@ircularly polarized (CP) light, two dissimilar holograms can be reconstructed based on a
single metasurface that contains two sets of merged hologram data.!'” As different phase profiles
carrying diferent information can be encoded in the two orthogonal polarizations, such bifunctional

ay find applications in data storage, information encryption, and anti-counterfeiting. A
monolayer of gap-plasmonic metasurface can deflect and focus normally incident light toward different
dir
lig
multifunctional metasurface, which can perform dissimilar functions, is desperately awaited for the
ad t will offer in terms of the device integration.”) Such metasurfaces could be utilized to
subgtan reduce the elements’ footprint and thus integrate multiple imaging systems or optical
communication systems. This has been asserted in the microwave,”>** and visible band."****! Based on

/metal-dielectric-metal configurations, however, they are mostly limited to operating in

reflec de.”*?®! Transmissive bifunctional metasurfaces were reported in the microwave, %!
t , mid-infrared,” near-infrared,!'” and visible regimes.[29’3o] In particular, the visible

1ons and in different focal planes, respectively, depending on the linear polarization of incident

(1211 previous metasurfaces have offered identical or similar functions, but another category of

lasmonic metasurfaces count on the Pancharatnam-Berry (P-B) phase so as to manipulate
the wavefront of CP light. Despite its intrinsic wavelength-independent or dispersion-free

chagacteristics, leading to the broadband operation, the P-B phase is deemed to be susceptible to several
li

or a metasurface capitalizing on the P-B phase, the incident CP light is known to be
into waves of both the same and opposite polarizations.®" The abrupt phase shift useful for

aping can be readily accomplished by simply rotating the orientation of the meta-atoms.
s solely effective for the CP light with the opposite polarization. The useful transmitted

ncy of 25%.1°% Because the metasurface is formed via a spatial multiplexing of double
delivering distinct functionalities, a functional crosstalk may potentially arise because one

fuﬁtion teﬁs to add background noise to another.*"

ition to the progress in the development of a multifunctional metasurface whose functional
roles are atic”, a colossal amount of efforts has been devoted to the creation of tunable or
rec e metasurfaces for manipulating the electromagnetic wave in a tunable manner. This has
been achicygd by applying external stimuli, such as the electric bias voltage,”*>*! heat,"** and elastic
fi o the metasurfaces that incorporate a transparent conducting oxide, phase-change material,
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and elastic material, respectively. The former two approaches were substantiated in the spectral band
covering the millimeter waves, mid-, and near-infrared. The third scheme is currently thought to be the
most feasible way of producing a tunable metasurface for wavefront shaping in the visible band.
Wthe relevant stretchable metasurface relies on the use of the P-B phase, suffering from its
disadvantages including the limited operation for cross-polarized CP light with low efficiency, as
me % bove.[*'*?] To date, all the proposed tunable metasurfaces are just able to render a single
fun

B [mmthisspaper, we propose and develop a highly-efficient bifunctional dielectric metasurface that
rer‘Srs polarization-tuned beam deflection and focusing in the visible regime. The meta-atom
co he metasurface unit cell (UC) is made of a hydrogenated amorphous silicon (a-Si:H)
na st rectangular shape, imparting polarization-selective phase shifts for implementing the two
fungtions. Bor that purpose, we first explored the relation between the geometric dimension of the
nanop nd the polarization-dependent phase shifts. For the constructed bifunctional metasurface, a
thedpeti alysis shows that, upon normal incident light with the designated polarizations, not only
an usdbeam deflection but also light focusing, exhibiting a high efficiency and negligible
functional crosstalk, can be visualized through the simulated field profiles. As against conventional
polarizati eam splitting meta-devices, whose efficiency can be predicted by a few meta-atoms, the
be ion efficiency of the proposed bifunctional metasurface is critically dictated by the
efficienc
med and found to exhibit insignificant reliance on the periodicity of the UC. The inspection of the

of every single meta-atom. The phase delays associated with each nanopost is further

ex
tig
mechanism. The UC periodicity can be used to concurretnly and efficiently adjust the angle of light

ed optical fields inside the nanoposts helps support the comprehension of the underlying

de d focusing distance. For a manufactured bifunctional metasurface, the performance has
bech m usly inspected in terms of the beam deflection and focusing, by monitoring the angular
distribution of the far-field intensity and the light intensity images at different positions from the

. reliability of the proposed approach is proven by the excellent consistency between the
simula d measurement results.

2. Results and Discussion

To achievege wavefront modulations, a bifunctional metasurface is required to efficiently

means that ction that is on duty is rarely adversely affected by the other function that is off

impart twd spatial phase distributions without incurring profound functional crosstalk, which
duty. T onal advanced transmissive bifunctional metasurface, operating in the visible
spectral b*d, chiefly relied on a spatial multiplexing scheme and, thus it was inevitably susceptible

to functional cro§a|k and limited efficiency.”® Our bifunctional metasurface has been conceived

based o@at an individual dielectric meta-atom induces flexible phase delays upon incident
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light depending on the polarization.™ It is noted the crosstalk issue may be mitigated by an off-axis
illumination methodology.[43] A schematic of the proposed bifunctional metasurface is illustrated in
Figure 1Ment light with the electric field aligned parallel to the x-axis (TE polarization) or y-
axis (TM p the metasurface acts as an anomalous beam deflector and cylindrical lens,
respectﬂelm of the proposed metasurface consists of a rectangular a-Si:H nanopost atop a
silicon dioxide (SiQ,) substrate, as shown in the magnified schematic in Figure 1a. With regard to the
UC, the o ase shift imposed by the Si nanopost is expected to fulfill a 2t span, usually
through t%g of its cross-sectional dimension. Toward that end, with the assistance of the
finite diffe e domain (FDTD) method (FDTD Solutions, Lumerical, Canada), the transmission

Jse distributions are examined as a function of the widths of the nanopost,

amplitude

including o!and d,. The proposed metasurface is designed to work at a visible wavelength of A, =

~690 nm. T, d of the UC is given by P = 240 nm (~0.35A,), while the a-Si:H nanopost features a
subwavelength kness of t = 320 nm. As displayed in Figure 1b and 1c, it is implied from the
calculate jssion amplitude (Ar) and phase (@) that by selecting a collection of nanoposts
with pr i ions, a full phase tuning of 2t can be obtained for the TE incident polarization in

a highly efficient manner. Similarly, the results are explored for the TM incident polarization, as
detailed in Figure S1 in Supporting Information. In light of the rectangular shape of the nanopost, the
profiles of @ smission amplitude and phase corresponding to the TE and TM polarizations are

in mirror s with respect to the diagonal line for d, = dy.“S] To establish the required phase

profiles relating the TE and TM cases, a conventional eight-level phase modulation, which is

appropriatﬁbling wavefront manipulation, has been chosen. Eventually, sixty-four nanoposts
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with varying widths are employed to arbitrarily derive a polarization-sensitive wavefront (Figure S1

in Supporting Information).

{

A bifunc etasurface involving an array of 208 by 208 meta-atoms has been suggested to
accomplis n-controlled beam deflection and focusing, thus demonstrating that a
H I

bifunctionall metasurface capitalizing on the proposed nanoposts is empowered to lead to two

distinct w rontWmodulations,. Figure 2a displays a portion of the nanopost-based metasurface. A

G

group of 208 napoposts in each column, arranged along the x-axis, may be regarded as a supercell,

o

delivering olic phase profile for TM incidence. The supercell is periodically duplicated along

the y-axis to invoRe a line focusing for the TM case. With regard to the beam deflection, which is

Ul

achievable TE polarization, the supercell may be treated as comprising 26 sub-supercells,

It

with each rcell engaging eight nanoposts that are required to give a linearly varying 2n

phase shiff F TM polarization, with respect to the central position xq = 0 in the middle of the

d

superc eta-atoms belonging to a specific line stretching along the x-axis are deemed to

M

collective rt a hyperbolic phase profile o(x)|, 2%(f°_ (x—x0)2+f02). Hence the light

beam is focused at a focal length f,, which is designed to be 20 um, translating into a relatively large

[

numerical aperture (NA) of 0.78. Both theoretical and simulated phase profiles are illustrated in

Figure 2b nder normally incident TE polarized light, the wavefront is simulated, and this is

O

depicted i 2d, where an obliquely tilted wavefront is observed immediately after the

metasurface. In the case of the TM incidence, the light focusing effect is readily inferred from the

th

simulated eld intensity profile in the x-z plane, as shown in Figure 2e.

AU
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From the perspective of the simulated field profiles, the proposed bifunctional metasurface is
anticipated to be invulnerable to serious functional crosstalk. For the performance in terms of
individum, the angle of beam deflection is derived from the well-known generalized Snell’s
law, whic unt to the diffraction equation.™ The deflection angle is estimated to be
21.10° M srualon (Figure 3a), which closely mimics the theoretically calculated angle of 21.06°.

orted bifunctional metasurface, rendering two similar actions of polarization-

The previously

C

controlled eflection, usually comprises a multitude of identical sub-supercells that are

periodicallyl agfangéd along the lateral direction.™ The corresponding beam deflection efficiency

>

can be pre m the individual sub-supercell possessing a couple of meta-atoms. Meanwhile,

U

for the pr ifunctional metasurface, the overall beam deflection is keenly dictated by the

deflection @apability of the 26 sub-supercells. It is noted that the efficiency of each sub-supercell

)

hinges on -sectional dimensions of its nanopost elements. Figure 3b depicts the simulated

d

total transnss (Ty), in conjunction with the absolute (T;) and relative (n = T;/ T;) deflection
efficiency iven sub-supercell. Fluctuating amplitude and imperfect phase shift, in conjunction
with n i hase deviations across the nanoposts, combine to cause variations in the

efficiency. For the 26 sub-supercells, the averaged total transmission is 85%, while the absolute and

|

relative deflection efficiencies are approximately 72% and 85%, respectively. The non-unity total
transmissia @ e attributed to the absorption in the a-Si:H layer as well as the reflection from
the air-Si

transmi -_W

S2in Suppﬂormation) is mostly preserved in the anomalous deflection mode (Figure 3a). The

O, interfaces. As shown in Figure 2d, the substantially planar wavefront for the

ee of any serious distortion, complies with the fact that the light energy (Figure

total transmmissi nd absolute deflection efficiency of the bifunctional metasurface under the TE
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incidence are around 83% and 72%, respectively, while ~12% of the incident light is reflected. The
corresponding calculated absorption is ~5%, according to the law of energy conservation. In addition,
Figure 3chHhat the anomalous deflection in connection with each sub-supercell can be
considerab in the spectral band from A = 630 nm to 750 nm. As a beam deflector, its
broadba-ndrmemlon is consistent with the previous polarization insensitive metasurface.”” For the
normal TM incidence, the metasurface serves as a cylindrical metalens, and the light transmitted
through it ed 20 um away from the metasurface, as intended (Figure 2e). The cylindrical
metalens prt with an estimated full-width at half-maximum (FWHM) of 485 nm (~0.7A),
emulating ction-limited spot size of 442 nm (0.5A / NA). Further simulation reveals that the
total tran;

reflection, and calculated absorption in this case are 69%, 19%, and 12%,

respective! The unequal absorption or reflection level compared to the case in TE polarization is

likely due msimilar dimension of the nanoposts. The focusing efficiency, which is defined as
nof

the fractio ncident light that passes through a rectangular aperture at the focal plane (z = 20
um) with a equal to six times the FWHM, is calculated to be ~60%."" As shown in Figure 3d,
the int ismdistributed along the z-axis at the center (x = 0) of the metasurface with the

wavelength, guaranteeing that the beam focusing is effective over a relatively broad spectral band.
Unlike the achromatic metalens, whose chromatic dispersion has been deliberately corrected, the

focal leng @ e proposed metasurface changes depending on the wavelength regime of

Concernr

For t dielectric metasurface, it is believed that the Si nanopost constituting the UC

plays arole as a Eycated waveguide and permits a low-quality-factor Fabry-Pérot resonance, which

is relevant to thfesnel reflections at either end of the waveguide.™ Given a sufficiently thick Si
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nanopost, the high index contrast between a-Si:H (n = 4.077 + 0.005i) and the surrounding air (n = 1)
is presumed to render an entire 2t phase shift when the waveguide effective index is tailored by
simply amwdths.m'“] The rectangular-shaped nanopost is supposed to exhibit two distinct
effective i ing on the incident polarization. This causes the phase shift imposed by the

nanopo& i Decome polarization dependent. It is reported that a larger nanopost can lead to a

higher effec:ve :dex, thus introducing a larger phase shift.”* This interpretation is highly consistent

with the si results shown in Figure 1c. As an example, Figure 3e depicts the magnetic field
(IH,|) of t%b—supercells (#10 and #11) in the designed metasurface for normally incident TE
polarized | onance phenomena pertaining to the waveguide-like cavities indicate that the
optical fiel rimarily confined to the nanoposts. As a consequence, the local phase shift is

dominantlgoverned by the nanopost itself, being hardly affected by its neighboring nanoposts and

the periodi e yc, 45051

To a pact of the UC periodicity on the local phase shift, further simulatios were
performed. Fj 4a depictes a case in which a symmetric nanopost with equal widths is
incorporated into a single UC. As shown in Figure 4b, for a constant nanopost width, the
transmissi(! phase is almost invariant to the periods of interest. The corresponding amplitude
profile cau ofound variations, as portrayed in Figure S3 in the Supporting Information. These
conspicuou res, especially the period-insensitive phase shift, have been capitalized on for
building aSocus—tunabIe and polarization-insensitive metalens, operating in the near-infrared
regime.wroposed bifunctional metasurface, a similar effect (i.e., period-insensitive phase

shift) has been Wessed. For instance, Figure S4 in Supporting Information depicts the simulated

electric field prot’ s for eight meta-atoms in the sub-supercell (#10) when the periodicity of the UC

This article is protected by copyright. All rights reserved.
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is set to 240 nm (original design) and 280 nm. It is found that for both TE and TM incidence, the UC
periodicity has no significant influence on the phase delay. This appealing feature opens a new
avenuemcv> a reconfigurable bifunctional metasurface, which allows for the tuning of the
beam defl and focal length. If the low-index substrate for the designed metasurface is
replacegwE(ible elastic material, such as polydimethylsiloxane (PDMS),"***? or electroactive
polymer (artificial muscle),*? the simultaneous realization of tunable beam deflection and zoom
lensing mi easible with a single metasurface. As a proof of concept, we theoretically
scrutinizemormance of the bifunctional metasurface at the designed wavelength when the
UC periodi ered from 240 nm to 300 nm in steps of 10 nm. Under normal TE incidence, the
anomalou;eﬂection gradually decreases in angle from 21.1° to 16.7° as the UC periodicity
increases (Bigure 4c). In the meantime, the total transmission is stably maintained over 80% (Figure
4d) when t itted light energy is largely preserved in the desired anomalous deflection mode
(inset). The Sim@i@ted focal length for the incident TM polarization is plotted in Figure 4e. The focal
length rise 0 um to 33.8 um as the UC peridicity increases. The corresponding NAs, marked in

the figu latively large. Further details on the simulated beam focusing effect and derived
beam spot can be found in Figure S5 in Supporting Information, which shows that a diffraction-

limited foca| so! Is retained across all the cases. As plotted in Figure 4f, the total transmission

increases slig th the UC periodicity, with the focusing efficiency staying in the vicinity of 60%.
For theﬂ)ifunctional metasurface made of high-index a-Si:H, the beam deflection and
focusing ¢ e made possible even when the a-Si:H nanoposts are immersed in a flexible substrate
of PDMS (fms instead of a rigid substrate in SiO, (n ~ 1.5). Relevant simulation results are
included irmi 6 in Supporting Information. Note that the proposed metasurface is different

<C
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from the previously reported reflective phase-shaping device that taps into a high-contrast grating

(HCG).P** The reflective HCG device, whose phase tuning is subject to the inter-grating coupling,

Besides th

usually im#i a desired phase profile by adjusting the grating width and the periodicity of the UC.
mthe grating size, the local phase shift is influenced by the gap between the

gratings.-A‘iilflona:Iy, a Huygens’ metasurface, drawing upon identical low-aspect-ratio dielectric

meta-atoms,gcamalso exhibit a full-2i phase coverage via the periodicity of the UC lattice.”>*® A

spatial mul of both the period-dependent and period-independent meta-atoms in an elastic

material isw to bring extra freedom in metasurface design.

X t
In a bid to expiimentally validate the abovementioned claims, a bifunctional metasurface has

been manﬂ via electron beam lithography (EBL) and lift-off processes (more details are

elaborated perimental Section).®”! Dimensions of the a-Si:H nanoposts are kept the same as

in the casifunctional metasurface discussed in Figure 2 (designed with P = 240 nm), while

the UC f the fabricated sample is chosen to be 280 nm. Figure 5a shows an optical image

and scannin ron microscope (SEM) image of the fabricated metasurface. For normal TE
incidence, a Fourier-transform-based angle-resolved spectroscopy (FT-ARS) measurement was first
carried ou!o obtain the far-field intensity distributions from the light source (/;,) and sample (/). In
accordanc e generalized Snell’s law or the diffraction equation, the desired anomalous
deflection equivalent to the first diffraction order (m = 1). The normalized far-field intensity
(Ioue / 1) digplayed in Figure 5b implies that the transmitted light from the fabricated metasurface is

chiefly p“ the first diffraction order, which is effective over a relatively broad band, from A

=600 nmto 71 . However, light energy is scarcely conserved in the m = -1 order. The observed

intensity distrib[ n at the wavelength of 690 nm exhibits a maximum at the angle of 18.00°, nearly

This article is protected by copyright. All rights reserved.
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matching the simulated deflection angle of 17.94°. The relationship between the wavelength and
diffraction angle is then calculated and marked by the dashed line in Figure 5b, featuring good
correIatMen the calculation and measurement. In an effort to assess the beam focusing for
normal T the custom-built setup shown in Figure 5c is prepared. A supercontinuum
laser (I\RTm compact”) equipped with a collimator emits broadband light, which passes

through a ligeargpolarizer (GTH10N-A, Thorlabs) and narrowband filter. Subsequently, it normally

CI

impinges o epared sample. Noting that the metasurface can operate in a wide band, a filter

with a centerfMwayelength at 650 nm (a line-width of 10 nm) is used to characterize the beam

$

focusing. ized imaging system that includes a microscope objective lens, tube lens, and

U

charge co vice, is adopted to record the intensity pattern after the light is transmitted

through thg sample. A series of images (intensity distributions in the x-y plane) are taken by

[

translating ing system along the optic axis (z-axis) in increments of 1 um. Figure 5d presents

d

two examp ensity distributions in the sample plane (z = 0) and the metalens focal plane (z =

32 um). Fi displays the intensity profile in the x-z plane relating to the light trajectory when

M

the int transversal line (along the x-axis) is taken across the center of all the recorded
images. The light beam gradually converges and becomes focused at z = 32 um, which is in decent

agreement WI!H !He simulated focal length of ~31 um for A = 650 nm. The longitudinal focus profile

extends ap @ ely from z = 30 um to 37 um and the horizontal beam width as observed at z =

wavelength scale. The focus profile stretches slightly longer than in the

simulationﬁnight be ascribed to the non-zero spectral bandwidth of the filter and the
dispersion etasurface.® To practically explore the focusing efficiency, the imaging system

This article is protected by copyright. All rights reserved.
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shown in Figure 5c¢ should be supplanted with a power monitor. Moreover a rectangular-shaped
pinhole with a proper width needs to be particularly placed at the focal plane of the metalens.®
The expMstrictions prohibited us from checking the focusing efficiency of the bifunctional
metasurfa iscrepancy between the measurement and simulation results may be due to
probablg igmmns during the fabrication of the a-Si:H structure, such as the surface/edge
roughness and dimension deviation. Nevertheless, the transmitted light that mainly resides in the
first diffrac er for the TE incidence, alongside the observed light intensity image with a bright
line focus wcal plane for the TM incidence, helps validate the prominent features of the
fabricated e investigated into the robustness of the proposed metasurface with respect to

the structu ance. It was numerically observed that when the dimensions of the nanoposts are

particularly@varied from -20 nm to +20 nm, the performance of the metasurface in terms of the

beam defl focusing is stably maintained, yet the efficiency is relatively noticeably affected.
The corresp@n simulation results are shown in Figures S7 and S8 in Supporting Information.
Leveraging -atoms based of lossless dielectrics such as titanium dioxide, gallium nitride, and
silicon an concretely envision the embodiment of advanced bifunctional metasurfaces

operating at shorter visible wavelengths.® ¢ ¢!

L
3. Conclusio
e

A highly-eiicient 'ansmissive bifunctional metasurface, empowering polarization-tuned focusing

and deer: visible light, was successfully presented. The polarization-mediated phase
i

manipulati completely fulfilled through the incorporation of a rectangular a-Si:H nanopost in

<C
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each UC of the metasurface. The nanoposts constituting the bifunctional metasurface were devised

in a sophisticated manner to impart a linear and hyperbolic phase profile for the TE and TM

t

P

polarizatiofi, respectively. The high performance of the proposed bifunctional metasurface in the
visible reg assured, as is highlighted by the simulation results, including the obliquely
transmitte ight with a well-defined planar wavefront for normal TE incidence and a subwavelength
diffraction-lighitad focal spot at the desired focal plane for TM incidence, along with a total

transmissio

Cl

ranging up to 83%. The optical fields, which are revealed to be exclusively

confined imth@/ naBopost, give rise to a decently stable phase shift through the tailoring of the UC

S

periodicity cinating feature facilitates the tuning of the beam deflection angle and focal

U

length, as rated in simulations. A metasurface was created in a practical manner with the

help of standard EBL, metal lift-off, and plasma etching processes. The high performance of the

A

sample wa ed by checking the angular distribution of the far-field intensity and the light

d

intensity images®arried out with the FT-ARS technique and custom-built setup. By imbedding the
proposed n ts in elastic materials, we will be able to concoct a versatile meta-device, featuring

afforda ization and enhanced efficiency.

r N

n

Experime @

Fabricatio e preparation of the bifunctional metasurfaces started with acetone/IPA/deionized

£

water cleaging of @ slide glass to promote the adhesion between the glass substrate and an a-Si:H

t

layer. A 32 k a-Si:H film was then deposited on the substrate via plasma-enhanced chemical

u

vapor dep lasmalab 100 from Oxford) using optimized conditions derived in the previous

A
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work.®”! After spin coating of an electron beam resist (ZEP520A from Zeon Chemicals), a thin layer of
e-spacer 300Z (Showa Denko) was introduced to prevent charging during subsequent electron beam
exposurHsurface pattern was then formed using an electron beam writer (EBL, Raith150)
and subse pment in ZED-N50. Next, a 60-nm thick Al layer was deposited by e-beam
evapora!loF!em%cal BJD-2000), accompanied by a lift-off process by soaking the sample in a resist
remover (ZDIMAC from ZEON Co.). An array of remaining rectangular Al patterns was used as the
etch mask fer the designed pattern into the a-Si:H film through fluorine-based inductively
coupled plwctive ion etching (Oxford Plasmalab System 100). The etching conditions were

optimized : a highly anisotropic profile for the a-Si:H layer. Finally, wet etching was used to
a

remove th | Al etch mask. Note that the properties of the amorphous Si are deemed to
depend on!he hydrogen concentration induced under different deposition conditions. For our used
a-Si:H, them: is 1.73eV (corresponding to 717 nm).*” The extinction coefficient is around

0.036 at th ength of 650 nm, which translates into 18% absorption in the case of a 320-nm
thick film. er, the areal fraction of the a-Si:H should be taken into account when the

metasu is produced in the film.

Numericalsmulation: The 2D amplitude and phase contour maps shown in Figure 1b and 1c are
calculated i Solutions by scanning the cross-sectional dimensions of a single a-Si:H nanopost,

which is sitt p the SiO, substrate in a UC. For the simulations, periodic boundary conditions are

applied alsg both the x- and y-axes, while perfect matched layer (PML) boundary conditions are

imposew z-axis. The UC is illuminated by a plane wave source at A = 690 nm, which is

positionedEe substrate, while a power monitor (in the x-y plane) is positioned in the air to

trace t@e and phase of the transmitted light. For the simulations associated with the
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anomalous beam refraction and focusing, one supercell containing 208 nanoposts with designed

lateral dimensions has been constructed through a script. Boundary conditions along the y- and x-

metasurfa

the SiOz-sic.
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A highly efficiefit bifunctional dielectric metasurface capitalizing on the rectangular a-Si:H
nanoposts uilding blocks, has been proposed and developed to enable polarization-tuned
anomalou eflection and focusing for visible light. Through the tailoring of the unit cell
periodicity, apable of efficiently tuning the beam deflection angle and focusing distance.
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