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Modern-day sensing and imaging applications increasingly rely on accurate measurements of the primary physical
quantities associated with light waves: intensity, wavelength, directionality, and polarization. These are convention-
ally performed with a series of bulky optical elements, but recently, it has been recognized that optical resonances in
nanostructures can be engineered to achieve selective photodetection of light waves with a specific set of predetermined
properties. Here, we theoretically illustrate how a thin silicon layer can be patterned into a dislocated nanowire-array
that affords detection of circularly polarized light with an efficiency that reaches the theoretical limit for circular dichro-
ism of a planar detector in a symmetric external environment. The presence of a periodic arrangement of dislocations
is essential in achieving such unparalleled performance as they enable selective excitation of nonlocal, guided-mode
resonances for one handedness of light. We also experimentally demonstrate compact, high-performance chiral pho-
todetectors created from these dislocated nanowire-arrays. This work highlights the critical role defects can play in
enabling new nanophotonic functions and devices. © 2023 Optica Publishing Group under the terms of the Optica Open
Access Publishing Agreement
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1. INTRODUCTION semiconductor nanowire (NW) arrays have already been incor-
. N TR . . . orated in multispectral detection and imaging systems [9,10].
Light exhibits distinct interactions with materials that can depend p - - p ctect maglng sy [9,10]

To gain the maximum possible information from a data stream or

optical scene, we need to also determine the state of polarization

through a measurement of the Stokes parameters [11]. Using

on the intensity, wavelength, incident direction, and polarization
state. In nanostructures, we can harness plasmonic and Mie res-
onances to further tailor the ways in which light interacts with . . . S .
4 ght ntera anisotropic semiconductor NWs [12] or metallic slits [13] in the

matter. Whereas such resonant structures have primarily been N . S
. . photodetection, it is straightforward to distinguish linear states of
exploited to control the flow of light, they can also be employed
to uncover the nature of the light that is incident from an optical
scene. Dense, planar arrays of nanostructures, termed meta-
surfaces, have been particularly useful for this purpose as their

diffraction behavior is very sensitively dependent on the properties

polarization. However, the optical detection of circularly polar-
ized light (CPL) is inherently more challenging. Such waves are
comprised of two orthogonally polarized light waves for which
the electric fields are oscillating with a 77 /2 phase shift, and this
relative phase information is lost in the photodetection process. As

of light waves. For example, they have successfully been used o a result, CPL detection typically involves the use of a quarter-wave

perform spectropolarimetry by decomposing plane waves into a plate and linear polarizer on top of a (non-chiral) photodetector.
set of separated beams that each carry information on the incident In fact, many invertebrates such as mantis shrimp, cuttlefish, bees,
angle, spectral content, and polarization state [1-8]. However, and crickets have developed such compound elements to create
such metasurfaces need to be used in conjunction with a separate CPL-sensitive detection systems for communication and visual
image sensor to create a complete spectro-polarimetric system. To contrast enhancement [14]. It is, however, well worth exploring
allow further device integration, it is critical to explore whether new ways to measure the properties of CPL, given its increasingly
the spectral/polarization decomposition and the photodetection prominent role in many applications, including quantum optics
processes can be combined in a single metasurface. Recently, [15] and communication [16], drug design and development
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[17], remote sensing [18] and spectropolarimetry [19], imaging
[20], valley optoelectronics [21], and topological photonics [22].
Recent pioneering approaches include detectors that employ
chiral organic molecules and semiconductors [23-25] and chiral
plasmonic structures [26,27]. Plasmonic structures can show
particularly high circular dichroism (CD), i.e., differential absorp-
tion for left- and right-handed CPL [27-30], but metals tend to
make poor photodetectors that can only rely on inefficient hot
electron emission. To boost the responsivity, it is highly desir-
able to explore whether chiral detectors can be made from high
electrical-performance, inorganic, achiral semiconductors. Here,
we show that a dislocated silicon nanowire (Si NW) metasurface
can effectively detect and distinguish left- and right-handed CPL

without the need of external filters or waveplates.

2. RESULTS

Figure 1(a) shows a conceptual schematic of our proposed CD
photodetector. It features a dense array of custom-designed Si
NWs on a transparent substrate. The unique shape of the NWs
with a periodic array of kinks is engineered to facilitate excitation
of a nonlocal guided-mode resonance by normally incident CPL
with one selected handedness while transmitting light waves of the
opposite handedness. Recently, there has been an increased interest
in flat optical elements with nonlocal optical resonances [31-37]
as they enable high-performance imaging, sensing, and modula-
tion functions. These flat optical elements display more spatially

Fig. 1.
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extended, high optical, quality-factor modes and momentum-
dependent transfer functions. In our case, the nonlocal resonance
selectively enables substantial optical absorption and photocarrier
generation in the semiconductor material for the circular polariza-
tion (CP) of interest. The polarization can therefore be determined
through a measurement of the photocurrent upon application of
a small bias voltage to the electrodes. A scanning electron micro-
graph (SEM) of an array fabricated by electron beam lithography is
shown in Fig. 1(b).

Before we provide a detailed mechanistic picture of the metasur-
face operation, we evaluate the fundamental performance limit for
this type of device using coupled-mode theory [38,39]. Because of
its two-dimensional nature, the detector can be treated as a single-
mode optical resonator in a symmetric external environment.
The incident CPL can follow a direct transmission pathway and
a resonant pathway through the nanopatterned semiconductor
layer [Fig. 1(c)]. When the light follows the resonant pathway and
the guided resonance is excited, it leads to significantly increased
energy storage and light absorption. To maximize the CD, we
would ideally construct a situation where the incident light can
only excite the resonance when its polarization matches the desired
handedness. In our example, this will be right-handed circular
polarization (RCP). To achieve the strongest possible light absorp-
tion, a fraction of the in-coupled light needs to couple back outinto
free space in order to effectively cancel out the directly transmitted
light through destructive interference. The reciprocal nature of
this device enforces that on resonance, the out-coupled light from
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Dislocated high-index semiconductor metasurfaces for CD. (a) The schematic of a CD photodetector using dislocated high-index semiconduc-

tor metasurfaces. A dislocated Si NW metasurface displays resonant absorption for a CP of interest (RCP, red) while transmitting the other (LCP, blue),
allowing an electrical read-out of an incident CP. (b) The SEM of fabricated Si nanostructures. A unit cell of the periodic structures is outlined by the white
box. Scale bar, 500 nm. (c) The illustration of an optically resonant nanopatterned semiconductor layer in free space interacting with incident RCP (left)
and LCP (right) at critical coupling. (d) The simulated optical absorption spectra of a dislocated Si NW metasurface suspended in free space for RCP (red)
and LCP (blue). The Si metasurface is designed to present resonant absorption for the RCP at A = 800 nm. The theoretical limit of absorptance is indicated
by the black dashed line. Inset: Normalized magnetic field distributions (A = 800 nm) in the median plane of two adjacent unit cells for the RCP (top) and

the LCP (bottom). Scale bar, 200 nm.
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the resonator changes its handedness in the transmission direction
(Supplement 1, Note 1). Asa result, we see that left-handed circular
polarization (LCP) emerges given an RCP incident beam. In order
for the directly transmitted light to interfere destructively with
the out-coupled light, its polarization should thus also have the
opposite handedness and incur a 7w phase delay with respect to the
resonant pathway. In other words, it is essential that the slab serves
as a half-wave plate for the direct transmission channel. This is a
key insight of our analysis as it provides valuable intuition about
possible device designs. Analogous to optical absorption in an
ultrathin and freely suspended metallic film [40], the theoretical
limit for the absorptance of the RCP light is 0.5 at critical coupling
when both the total transmittance and reflectance are 0.25.

Leveraging the insights derived from coupled-mode theory,
we aim to identify a nanostructure design for the suspended sili-
con (Si) film that can both serve as a half-wave plate for the direct
transmission pathway and only exhibit an optical resonance for the
RCP light. Figure 1(d) shows the optical absorption behavior of
our successfully optimized design, as obtained by finite-element
simulations. As desired, the spectrum for LCP illumination shows
a low and relatively constant absorptance across the wavelength
range of interest. This results from the non-resonant absorption
channel where light is directly transmitted through the film with
lictle dissipation in the Si. On the other hand, the absorption spec-
trum for the RCP light displays a spectrally narrow resonance with
a high optical quality factor, Q = 180. The metasurface achieves
critical coupling, and the absorptance on resonance is just above
the theoretically predicted limit. The slightly larger absorption
results from the small amount of non-resonant absorption in
the finite-thickness film. The magnetic field distributions in the
nanostructured layer on and off resonance are shown as insets. For
RCP, the high- Q resonance gives rise to a strong field enhancement
inside the NWs. This enables significant optical absorption in the
Si despite its weak material absorption. In the following, we will
discuss the intuitive design for the NWsand the physics behind the
operation of our CPL detector.

In the design of our metasurface-based photodetector, we aim
to use high electrical-performance semiconductors and avoid the
use of complex and hard-to-integrate three-dimensional chiral
systems, such as arrays of helices [28] and twisted optical metama-
terials [29,41,42]. Fortuitously, it has been shown that a strong
CD can also be obtained in planar chiral metasurfaces [27,43,44],
i.e., metasurfaces that are distinguishable from their mirror images
(enantiomers) with respect to a line in the plane of the structure.
We start the design of our planar chiral metasurface by considering
the optical properties of a dense, subwavelength array of straight Si
NWs. Such anisotropic, non-diffractive structures exhibit artificial
birefringence and can be engineered to serve as a half-wave plate
[45], satisfying our first design requirement. We can also easily
turn NWs into photodetectors by electrically contacting both
ends, and they have already been implemented to selectively detect
light of specific wavelengths, linear polarizations, and incident
angles [12,46]. Without modification, linear NW-arrays exhibit
identical optical responses for both CPs. However, the introduc-
tion of a series of localized displacements in the NWs [see Fig. 1(a,
b)] renders the metasurface planar chiral and produces distinct
optical responses for the RCP and the LCP light. These displace-
ments are reminiscent of the atomic displacements that occur
near a dislocation core in a real crystal [47], and for this reason,
we term the structure a dislocated NW metasurface. Whereas

the architecture of a metamaterial crystal is typically linked to its
optical properties, recent work has also demonstrated the powerful
benefits of controllably introducing defects and disorder to achieve
new properties not seen in perfect crystals [48—53]. In engineered
metamaterials, the ability to continuously tune the geometry and
size of defects can afford profound new insights into the evolution
of certain physical properties with varying defect parameters. In
turn, such fine-tuning allows one to reach fundamental perform-
ance limits. Here, we follow this approach for our dislocated NW
metasurfaces.

We employ a scattered field formalism (Supplement 1, Note 2)
to show how the introduction of dislocations can have a dramatic
impact on the optical properties of the metasurface. Our analysis
indicates that the dislocations can serve as secondary localized
sources of scattered fields that control the coupling of free-space
light waves to quasi-guided, nonlocal modes supported by the
NW array. At the elementary level, this point is illustrated in
Fig. 2(a) for a single, dislocated, 50-nm-thick Si NW illuminated
by transverse-magnetic (TM) incident light, where the electric
field is directed along the NW axis. The incident electric field
drives an oscillating displacement current D (dark blue arrows)
along the semi-infinite NW (x-direction). The introduction of
a kink in the NW results in discontinuities in the permittivity
and accumulation of positive and negative surface charges at the
newly created corners (Supplement 1, Fig. S2). The surface charge
distributions for this very thin NW form a localized electric dipole
that is oriented perpendicular to the incident electric field. This
dipole orientation allows effective radiation into the guided modes
of both semi-infinite NWs.

Next, we aim to create dislocations capable of selectively cou-
pling the CPL of one desired handedness. We show a conceptually
intuitive strategy that builds on the observation that CPL is com-
posed of two orthogonally polarized light waves for which the
electric fields are oscillating with a £/2 phase shift. If the dis-
locations can enable the coupling of both the incident TM and
the orthogonal, i.e., transverse-electric (TE) polarizations to the
same guided mode of the N'W, then we can control the excitation
efficiency of the guided-mode resonance by manipulating their
optical interference. Constructive/destructive interference and a
concomitant high/low excitation efficiency can result depending
on the relative phase of the two excited waves. Dislocations in
larger NW sizes can accomplish this as they can produce a variety
of higher-order multipolar sources of scattered fields. Through
the scattered field formalism, we can identify the nature of the
multipolar sources as it naturally connects the oscillating charge
distributions at the dislocations to the excited resonances in the
NWs [54]. For example, the illumination of a dislocated 180-
nm-thick NW with 800 nm light gives rise to the formation of an
electric quadrupole for TM polarization [Fig. 2(b)] and a magnetic
dipole for TE polarization [Fig. 2(c)]. The electric quadrupole,
induced for TM polarization, can be considered as a set of electric
dipoles oriented anti-parallel in the horizontal and vertical direc-
tions [as illustrated in Fig. 2(b)]. As they are placed off the NW
axes on both sides, these anti-parallel pairs can radiate into the
semi-infinite N'Ws with the same parity as a magnetic dipole. For
TE polarization, similarly to the electric dipole induced in a thin
Si NW [Fig. 2(a)], the magnetic dipole is oriented perpendicular
to the incident magnetic field. This polarization conversion is a
key ingredient for our strategy as it allows effective coupling into
the same guided mode for the two orthogonal polarizations of the
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Fig.2. Light scattering from a dislocation in a single Si NW. (a) The schematic of a thin Si NW (left) and a dislocated Si NW (right, § = 40 nm) for

TM polarization (4 = 50 nm, w = 100 nm). The simulated surface electric charge density distribution (A = 800 nm) is overlaid on the interface between
two semi-infinite NWs (right), serving as a localized electric dipole p that radiates back into the guided modes of each semi-infinite NW. (b) and (c) The
schematic of a dislocated Si N'W with a larger height (4 = 180 nm, w = 100 nm, § = 40 nm) for (b) TM and (c¢) TE polarizations. The simulated surface
electric charge density distribution [(b), A = 800 nm] and surface magnetic current density distribution [(c), A = 800 nm] are overlaid on the interface
between two semi-infinite N'Ws, serving as a localized electric quadrupole Q¢ (b) (represented by a set of electric dipoles oriented anti-parallel in the hori-
zontal and vertical directions) and a localized magnetic dipole 7 (c), respectively. In (a)—(c), the phases of the incident fields are chosen differently to clarify

induced different multipolar sources of the scattered field.

incident light. As a result, the excitation for one handedness can
be selectively enhanced through constructive interference, which
occurs when these different excitation processes compensate for the
77 /2 phase shift between the TM- and TE-polarized components.
Due to the anisotropic shape of NWs, this can simply be achieved
by placing the optical resonances for these two polarizations at
different spectral locations.

With all of the relevant design concepts in place, we are now
in a position to use optical simulations to identify an optimal
design for operation at the preselected wavelength of 800 nm,
as schematically shown in Fig. 3(a). We start by considering
a Si NW array without dislocations, i.e., with a displacement
8 =0nm, to optimize the direct transmission pathway for the
light. Using the finite-element technique, we identify NW peri-
ods A,, heights 4, and widths w, for which the array serves as
a half-wave plate, requiring a 7 phase shift between transmit-
ted TM- and TE-polarized light. Whereas multiple geometries
meet this basic requirement, we identify that a subwavelength
period A, =500 nm offers easy-to-fabricate solutions and a high
transmittance. Figure 3(b) shows the transmittance for differ-
ent NW heights and widths together with a shaded region that
highlights the set of solutions for which the phase shift between
TM- and TE-polarized light is close to the desired value of 7.
Among these solutions, we choose the dimensions for the NWs as
b =185 nm and w =95 nm [white dot in Fig. 3(b)], and we use
these throughout this work for the Si NW arrays suspended in free
space [Figs. 3(c), 3(d) and 4].

Next, we introduce a single dislocation in the NWs placed in
an array and show how its geometrical properties can be designed
to effectively couple both TM- and TE-polarized light to the same
fundamental guided Bloch mode of the NW array [see Fig. 4(b) for
the dispersion relation and the field distributions of the fundamen-
tal mode]. Figure 3(c) shows how the amplitudes and relative phase
of the excited mode vary with the size of the dislocation for TM and
TE polarizations (Supplement 1, Note 3). The amplitudes display
a notable dependence on § for both polarizations. Because each
polarization induces distinct localized sources at the dislocation
(Fig. 2), it is not surprising that the coupling cross sections for TM
and TE polarizations vary differently with 8. This allows us to find
a certain value of § (# 0), where the amplitudes of the excited
mode are identical for both polarizations. On the other hand, the
relative phase of the excited waves is independent of § and equal
to —1 /2 regardless of 8. This phase difference is strongly linked
to the direct transmission properties of a Si NW array. From the
coupled-mode theory, it follows that the phase difference must
be /2 when a Si NW array serves as a half-wave plate in the
direct transmission (Supplement 1, Note 4). In the scattered field
description, this phase difference results from the relative phase of
the total fields inside the semi-infinite NWs for the TM and TE
polarizations. To produce a 7w phase shift in the direct transmission,
the Si NW array operates near a Fabry—Perot resonance for TM
polarization and off-resonance for TE polarization (Supplement
1, Fig. S4). This gives rise to the 77/2 phase difference of the total
fields inside the NWs for TM and TE polarizations, which is
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Fig. 3.

Polarization-controlled excitation of guided waves at single dislocation. (a) The schematic of a single dislocation introduced into a St NW array

(A, =500 nm). For LPs, excited guided waves are examined at a position away from the dislocation (indicated by the black dashed box). (b) The simulated
average transmittance (A = 800 nm) of a non-dislocated SiN'W array (§ = 0) for LP illumination. The highlighted band indicates the set of the geometries,
which provide the desired 77 phase shift (in a range of £0.057) between TM- and TE-polarized light in transmission. The white dot indicates the dimen-
sions for the NWs used in (c) (4 = 185 nm, w = 95 nm). (c) The simulated coupling cross sections (solid) and phase difference (dashed) of the fundamen-
tal guided mode (A = 800 nm) excited for TM and TE polarizations as a function of § (# 0). The coupling cross sections for LPs are identical around § =
30 nm. (d) The normalized scattered magnetic field distributions and their phasor representations (A = 800 nm) for different incident polarizations. The
phasor representations are broken down into contributions from TM- (magenta) and TE- (cyan) polarized incident fields to illustrate interference between

them. Scale bar, 200 nm.

directly translated to the scattered fields by their induced sources at
the dislocation.

Figure 3(d) shows the scattered field distributions of the sin-
gle dislocation for different incident polarizations. From the
scattered fields for TM and TE polarizations, we can see that the
fundamental guided mode is launched from the dislocation and
propagates along the semi-infinite Si NW array in both direc-
tions. As the dislocation size (§ = 30 nm) is chosen to give rise to
the same excitation amplitude for linear polarizations (LPs), the
excited guided waves for TM and TE polarizations display the
same magnitude but with a quarter effective wavelength delay
between them dictated by the nanoscale geometry. When RCP (or
LCP) is illuminated, both TM and TE polarization components
contribute simultaneously to the excitation of the guided wave.
Note that the incident CP provides additional +7/2 (or —/2)
phase delay between the excitation by the two LP components.
Combined, the phase delay resulting from the nanostructure

design and the CP excitation leads to constructive (or destructive)
interference between the excited waves by TM and TE polariza-
tions [Fig. 3(d)]. Therefore, only incident light for the RCP can
excite the fundamental guided mode in the dislocated Si N'W array.
The phasor representation for the scattered fields is also shown for
each incident polarization.

A single, subwavelength dislocation only couples a small
fraction of the incident light at one very specific location. By peri-
odically arranging dislocations in the Si NW array along the NW
length, we can resonantly enhance the polarization-controlled
excitation of the quasi-guided wave [Fig. 4(a)]. For an incident
RCP plane wave, the fundamental mode is excited at each dis-
location and quasi-guided waves are launched along the Si NW
array [see Fig. 3(c)]. When the period A, of the dislocations is
chosen to be close to the effective wavelength of the fundamental
mode, the quasi-guided waves excited at each dislocation interfere
constructively with each other to build up a collective resonance
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Resonantly enhanced absorption using guided-mode resonance. (a) The schematic of periodic dislocations introduced into the Si NW array

designed in Fig. 3. At each dislocation, the fundamental guided mode is excited for the RCP [Fig. 3(d)], and quasi-guided waves are launched along the
Si NW array. (b) The simulated dispersion relations for the first two guided Bloch modes of the non-dislocated Si NW array. The white dot indicates the
fundamental guided mode at A = 800 nm. The black lines indicate the light lines in the air and the Si, respectively. Inset: Magnetic (left) and electric (right)
field distributions of the guided mode at the point indicated in the dispersion relation. Scale bar, 100 nm. (c) The simulated absorptance (A = 800 nm) for
RCP (red) and LCP (blue) and corresponding CD (black) as a function of A . Inset: Normalized magnetic field distributions for the RCP (top) and the LCP
(bottom) at the absorption peak (A, = 430 nm). Scale bar, 200 nm. (d) and (e) Simulated transmittance (T, solid), reflectance (R, dashed), and absorptance
(A, grey) spectra (A, =430 nm) for the RCP [red, (d)] and the LCP [blue, (¢)]. Inset: Optical spectra for the RCP near the resonance wavelength (over the

shaded range). The black dashed lines indicate 0.25 and 0.5, respectively.

(guided-mode resonance). The Q of such a resonance is limited
by the material absorption and the amount of scattered light into
free-space radiation at the dislocations. Given the weak material
loss and small size of the dislocations, we can achieve a high-Q
resonance [55-58]. The period needed to achieve a guided-mode
resonance at the chosen operation wavelength of 800 nm can be
approximately obtained from the simulated dispersion relation for
the guided mode [Fig. 4(b)]. The resonance strongly enhances the
RCP light absorption, while the incident light for LCP presents
only weak, non-resonant absorption [Fig. 4(c)]. To maximize the
resonant absorption from the guided-mode resonance, we can
carefully adjust the radiative and absorption decay rates of the
resonance to balance them. This is possible by exploring different
combinations of NW heights and widths in the highlighted region
in Fig. 3(b). For each combination of # and w, the other dimen-
sions, § and A, are determined accordingly as described above
(A, is fixed). This procedure enables us to achieve critical coupling
for the dislocated Si NW array and a CD close to the theoretical
limitof 0.5 (Supplement 1, Note 5). Note that the maximum value

of the CD is slightly smaller than the theoretical limit due to the
non-resonant absorption. This procedure led us to choose the NW
dimensions above (4 = 185 nm, w = 95 nm).

Figures 4(d) and 4(e) show the simulated transmission and
reflection spectra of the periodically dislocated Si NW array for
RCP and LCP, respectively. The spectra for the LCP display a high
transmittance and low absorptance over a broad spectral range,
with a slow overall variation that results from a spectrally broad
Fabry—Perot resonance supported by the nanostructured film/NW
array. On the other hand, the spectra for the RCP exhibit not only
the broad Fabry—Perot resonance but also the spectrally narrow
guided-mode resonance, which leads to strong resonant absorp-
tion. As these resonances are spectrally overlapped, the scattered
light through the guided-mode resonance interferes with the trans-
mitted light through the Fabry—Perot resonance, which gives rise to
alarge and spectrally narrow variation in both the transmission and
reflection spectra for RCP. On the guided-mode resonance, both
the total transmittance and reflectance become ~0.25 and allow us
to achieve an absorptance of ~0.5.
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Experimental demonstration of a CD photodetector. (a) The reflected optical micrograph of the fabricated CD photodetector under white-light

illumination. Scale bar, 25 pm. Inset: SEM of a unit cell of the fabricated Si nanostructures. Scale bar, 50 nm. (b) The measured optical absorption spectra
for the RCP (red) and the LCP (blue). Inset: Measured CD spectrum. The grayed-out areas in optical spectra indicate the spectral range in which first-order
diffraction channels open up in the transparent substrate. (c) The measured EQE spectra for the RCP (red) and the LCP (blue). Inset: Measured differential

EQE spectrum.

To experimentally demonstrate a CD photodetector, we fabri-
catea periodically dislocated SiN'W array on a transparent sapphire
substrate [Fig. 5(a)]. We slightly redesign the geometry of the dis-
located Si NW array (A, = 370 nm, A, =430 nm, # = 320 nm,
w = 65 nm, and § = 35 nm) to take into account the presence of
the substrate (Supplement 1, Fig. S6). For photocurrent extraction,
we fabricate aluminum ohmic contacts at the ends of the dislo-
cated Si NW array (43 x 37 um?). Next, we first characterize the
optical absorption of the fabricated CD photodetector [Fig. 5(b)].
From transmission and reflection measurements, we calculate the
absorptance by subtracting the transmittance and reflectance from
unity. In the experimental absorption spectra, the dislocated Si
NW array exhibits a high- Q optical resonance for the RCP light
only. The sensitivity of the resonance to the handedness of the light
results in a significant CD on resonance, corroborating the selec-
tive modal excitation described above. The grayed-out areas in the
optical spectra correspond to the spectral range in which first-order
diffraction channels open up in the transparent sapphire substrate.
As the diffracted light is not captured in the measurements, the
calculated absorptance is higher than the actual amount in this
spectral range. With an applied external bias, we also characterize
the photocurrent response of the CD photodetector [Fig. 5(c)].
For both RCP and LCP, the measured external quantum effi-
ciency (EQE) spectra are consistent with the experimental optical
absorption spectra. A resonantly enhanced EQE for RCP light over
LCP light is observed, and we can use this to directly distinguish
between these polarization states. Note that the spectral broaden-
ing of the EQE spectra, as compared to the absorption spectra, can
be attributed to a spatially dependent charge collection efficiency
(Supplement 1, Note 6). We also experimentally demonstrate a
CD photodetector with resonant absorption and EQE for LCP by
simply reversing the direction of the displacements for each of the
dislocations (Supplement 1, Fig. S7).

3. CONCLUSION

In conclusion, we demonstrate the use of a nonlocal semiconduc-
tor metasurface to build an integrated photodetector for circularly
polarized light. Using a dislocation as a building block, we are able
to systematically design a Si metasurface that displays a guided-
mode resonance only for a circular polarization of interest. The
engineering of the resonance allows us to reach the theoretical

maximum of CD in a symmetric external environment. We exper-
imentally implement the metasurface in a CD photodetector and
verify the key physics behind its operation using optical absorption
and photocurrent measurements. These dislocated nanostructures
can be employed in a range of applications for polarimetric sensing
and imaging where dense integration is required.
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