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Abstract: Quantum well infrared photodetectors (QWIPs) are widely utilized in long-wave infrared (LWIR) de-
tection applications, yet they are constrained by low quantum efficiency (QE). Although metallic microcavities
can enhance local coupling, achieving a field strength that perfectly coincides with the quantum well (QW) layers
remains challenging, and such approaches are often incompatible with thick active regions. In this study, we de-
veloped an all-dielectric metasurface-coupled QWIP (MS-QWIP) to enhance device response. The metasurface
features a square micropillar array etched directly into the 80-period GaAs/AlGaAs multi-quantum wells (MQWs)
active region. By leveraging the guided-mode resonance (GMR) effect, this structure excites a strong longitudi-
nal electric field component (E,), effectively satisfying the ISBT selection rule for enhanced absorption within the
active region. Experimental results at 50 K and a 5 V bias show that the peak responsivity of the MS-QWIP reach-
es 545 mA/W, a twofold increase over a conventional 45° facet-coupled device. Furthermore, the blackbody re-
sponsivity is improved by approximately 1. 6 times. Notably, the architecture also reduces the effective electrical
area of the photosensitive element, thereby suppressing dark current. This work demonstrates that all-dielectric
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metasurfaces can significantly enhance the sensitivity and signal-to-noise ratio of QWIPs.
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Introduction

Infrared detection technology constitutes a corner-
stone of modern optoelectronics, serving as an indispens-
able tool across a vast spectrum of critical applications,
such as military reconnaissance, space-borne remote
sensing, non-destructive industrial testing, and high-res-
olution medical imaging'"*". In this technical field, quan-
tum well infrared photodetectors (QWIPs) have garnered
significant attention due to the mature GaAs/AlGaAs ma-
terial growth technology, which enables the fabrication of
large-area focal plane arrays (FPAs) with high spatial
uniformity, particularly within the long-wave infrared
(LWIR) atmospheric window**. However, despite
these advantages, QWIPs are constrained by a fundamen-
tal physical bottleneck imposed by the intersubband tran-
sition (ISBT) selection rule. In conventional n-type
quantum well (QW) structures, optical absorption is
strictly limited to incident light with an electric field com-

ponent perpendicular to the QW plane (z-polarization)
7', This inherent polarization dependence inevitably re-
sults in relatively low quantum efficiency and responsivi-
ty.

To overcome these limitations and achieve high-per-
formance infrared detection, researchers have developed
a variety of optical coupling enhancement structures,
such as Brewster-angle facet coupling® and metal micro-
cavity architectures”’’ , all dedicated to facilitating effi-
cient infrared absorption. Metal plasmonic microstruc-

27 and metamaterials ™"

tures are regarded as ideal
candidates for achieving effective coupling with subwave-
length spatial modes and enhancing localized electric
fields. For instance, Chen et al. developed an infrared
detector integrated with metallic nanoantenna arrays,
which can harvest photons from an area significantly larg-
er than the physical footprint of device and confine the

electromagnetic field into subwavelength microcavities to
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boost responsivity'"*’. Furthermore, Miyazaki et al. dem-

onstrated an external quantum efficiency (EQE) of 61%
at 78 K by employing optimized folded-line antennas cou-
pled with a single QW"*. Despite the superior optical
performance of metallic coupling structures, they are of-
ten hindered by significant intrinsic Ohmic losses. More
importantly, their efficacy is fundamentally restricted to
shallow active layers due to the limited penetration depth
of surface plasmon polaritons (SPPs) "™ For devices
requiring thick active regions to ensure sufficient absorp-
tion, metallic metasurfaces typically fail to propagate the
resonant field throughout the entire MQW active region,
leaving the underlying QWs unable to absorb light*. To
mitigate these drawbacks, dielectric optical coupling
structures have emerged as a compelling alternative ™",
Unlike metallic microcavities, dielectric architectures
primarily leverage the guided-mode resonance (GMR) ef-
fect to confine infrared radiation within the dielectric me-
dia®?. Such structures not only excite robust longitudi-
nal electric field components to satisfy the ISBT selection
rule, but also substantially extend the effective optical
path length, leading to a marked enhancement in absorp-
tion efficiency.

In this work, we developed an all-dielectric meta-
surface-coupled QWIPs (MS-QWIPs) to overcome the ef-
ficiency limits imposed by the ISBT selection rule. By
etching a square micropillar array using QW material ,
we leveraged the guided-mode resonance effect to induce
a strong longitudinal electric field (E,). This architec-
ture significantly enhances optical absorption, achieving
a two-fold increase in peak responsivity compared to con-
ventional 45° facet-coupled devices. This approach pro-
vides a pathway for the development of high-sensitivity,
metasurface-enhanced infrared focal plane arrays.

1 Results and disscussions

1.1 Characterization of material properties

The epitaxial material for the all-dielectric metasur-
face QW device consists of an 80-period multi-quantum
wells (MQWs) structure. Each period comprises a 5. 4
nm GaAs well and a 40 nm Al ,Ga,,,As barrier. The
central 2 nm of each GaAs well is Si-doped with a de-
signed carrier concentration of 3.5x10" em”. This
MQWs active region is sandwiched between two n+-

doped GaAs contact layers that the top and bottom con-
tact layers have thicknesses of 0. 95 pm and 1. 1 pm, re-
spectively. Both contact layers maintain at a doping level
of 1. 010" ¢m™.

To verify the growth quality and energy level distri-
bution of the QW material, the photoluminescence (PL)
spectrum of the sample was measured at room tempera-
ture (300 K) , as shown in Fig. 1(a). Two prominent
characteristic peaks are clearly observed in the spec-
trum. The primary peak at 815.3 nm (1.53 eV) corre-
sponds to the electron-hole recombination radiation with-
in the GaAs well layer. Meanwhile, the secondary peak
at 708. 7 nm (1. 75 eV) corresponds to the emission sig-
nal from the AlGaAs barrier layer. The relationship be-
tween the bandgap energy E_ of AlGaAs, the Al composi-
tion x, and the temperature T is defined by the following
equation**'; E_(AlGaAs)=1. 519+1. 247x~0. 0005405T°/
(T+204). By utilizing the PL peak position, the Al com-
position x was calculated to be 0.262. This result is in
good agreement with the original design specifications.

Based on the Al composition of 0.262 determined
from the PL characterization, the band structure and the
corresponding subband energies of the QW material was
calculated. Fig. 1(b) illustrates the energy level struc-
ture of a single QW , clearly marking the ground state lev-
el (E,) , the first excited state level (E,), and their re-
spective wavefunction distributions. Notably, lies signifi-
cantly below the barrier edge, indicating that the inter-
subband transition in this QW is a bound-to-bound (B-
B) transition™. The transition energy is calculated as:
AE=E-E=0. 155 eV, which corresponds to a theoretical
response wavelength of approximately 8 wm. Fig. 1(c)
presents the intrinsic photoresponse of the 45° device, re-
vealing a peak response wavelength of 8. 1 pwm, which is
in excellent agreement with the theoretical calculations.
However, the blackbody responsivity is only 30 mA/W at
5 V. The high doping level intended in the design did not
yield the expected high responsivity.

To investigate the electrical properties of QW mate-
rial, we employed scanning spreading resistance micros-
copy (SSRM) to determine the actual carrier concentra-
tion within the QW (as shown in Fig. 2). Fig. 2 (a)
presents a cross-section SSRM resistance distribution

map for the QWs sample. Alternating dark and light
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Material characteristics and photoelectric performance of the MQWs device: (a) PL spectrum of the MQWSs material at 300 K ;

(b) Energy level structure of the 80-QWs sample; (c) Blackbody responsivity of the 45° device, with the inset displaying the corre-

sponding photocurrent spectrum
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Fig. 2 Cross-sectional electrical characterization of the 80-QWs sample using SSRM: (a) Cross-sectional SSRM image of the 80-QWs
sample; (b) Spreading conductance extracted along the growth direction of the 80-QWs sample; (c¢) Numerical simulation results of the
relationship between carrier concentration and tip-sample spreading conductance for the contact layer and QWs.
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stripes are observed in the image, corresponding to the consists of a periodic array of square micropillars defined
periodic arrangement of the well and barrier layers. This by height (h), size (a), and period (P). To facilitate
contrast reflects significant differences in local resistance electrical readout across the micropillars, adjacent micro-
between the various epitaxial layers due to different dop- pillars are interconnected by 300-nm-wide wires made of
ing levels. As shown in Fig. 2(b), the spreading con- the same material. These square micropillars are fabri-
ductance distribution curve extracted along the growth di- cated via etching process through the epitaxial layers,
rection of the material encompasses 30 periods of the the details of which are depicted in the right panel of
(QWs and a portion of the upper electrode layer. The elec- Fig. 3(a). This all-dielectric structure functions simulta-
tron concentration within the QW were calculated from neously as the absorption medium and the coupling grat-
measured conductance using the quantitative model es- ing, which can excite GMR effect”". This dual function-
tablished in Ref. . According to the relationship be- ality effectively addresses the inherent limitation of
tween carrier concentration and tip-sample conductance QWIPs by generating a significant z-direction electric
shown in Fig. 2(c), the actual electron concentration in field (E,) component, which directly satisfies the selec-
the QW was found to be only 7. 3X10" em™, which is low- tion rules for ISBT absorption.
er than the design specification of 3.5x10"™ em”. This The optical performance of the metasurface was eval-
significantly low electron concentration is responsible for uated using the Finite-Difference Time-Domain (FDTD)
the poor responsivity of the material. method ™. Fig. 3(b) illustrates the simulated transmis-
1.2 Fabrication and Performance Characterization sion, reflection, and absorption spectra for the geometry
of All-Dielectric Metasurface QWIP asa=1.8 wm, P=4.5 pm and h=4. 5 pm. A distinct

To enhance device performance, we introduced an reflection minimum is observed near 8 wm, signifying an
all-dielectric metasurface entirely composed of the QW excellent impedance match and an effective anti-reflec-
material. As illustrated in Fig. 3 (a), the metasurface tion property. Simultaneously, the transmission spec-
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Fig. 3 Schematic illustration of the square micropillar metasurface structure and its simulated optical performance: (a) Schematic of
the square micropillar dielectric metasurface structure. The epitaxial layer details are shown on the right, consisting of 80 periods of
Al, ,.Ga, ,,As/GaAs QWs; (b) Simulated transmission (red line) , reflection (orange line) , and absorption (blue line) spectra. The in-
set illustrates the z-direction electric field (E,) distribution in the x-z plane at the peak absorption wavelength
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trum exhibits a corresponding dip, suggesting that the in-
cident radiation is neither reflected nor directly transmit-
ted. Instead, the incident light is efficiently coupled into
the dielectric micropillars. In this mechanism, the peri-
odic all-dielectric structure functions simultaneously as
an absorption medium and a subwavelength coupling grat-
ing, establishing an excellent impedance match with the
incident waves. Under this resonant condition, the infra-
red radiation is strongly confined and subsequently ab-
sorbed by the MQWs region, resulting in an absorption
peak at 8.1 wm. The relatively large pillar height (h =
4.5 pum) facilitates deep evanescent coupling and in-
creases the interaction volume, yielding a peak absorp-
tion intensity as high as 0. 4. The inset of Fig. 3(b) de-
picts the E, field distribution in the x-z plane at the reso-
nance wavelength. In the x-direction, the electric field
intensity gradually decays from the center of the micropil-
lar toward the edges, exhibiting the characteristic distri-
bution of a fundamental mode (HE,,)®'. Furthermore,
the high-intensity E, region extensively permeates the en-
tire 3. 67 pwm-thick active region, effectively overcoming
the polarization limitations by directly satisfying the ISBT
selection rule. This achieves an ideal spatial overlap be-
tween the resonant mode and the 80-period MQW stack,
ensuring that the enhanced field is fully utilized across
the entire absorption volume. Such deep-volume cou-
pling dramatically strengthens light-matter interaction,
thereby significantly improving the overall absorption effi-
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ciency of the QWs.

The geometric parameters of the micropillars, spe-
cifically the size (a) and the array period (P), are criti-
cal factors governing the absorption intensity. To deter-
mine the optimal configuration, FDTD simulations were
performed with the pillar height fixed at 4.5 pm. As
shown in Fig. 4(a), the absorption evolution is investi-
gated as a function of size (a). Within the range of 1.0
pm to 2.4 pwm, the absorption exhibits a trend of initial-
ly increasing and subsequently decreasing. When size
(a) falls between 1.6 wm and 1.8 wm, the structure
achieves optimal impedance matching with the incident
waves, resulting in maximum absorption intensity (indi-
cated by the dark blue region). Fig. 4(b) illustrates the
influence of the period P on the absorption spectrum.
Compared to the size (a), the period (P) exerts a rela-
tively weak modulation effect on the central absorption
wavelength, which remains consistently around 8 pm.
The maximum absorption is realized when the structural
resonance wavelength precisely aligns with the intrinsic
absorption of the quantum well material. Consequently,
for QWs materials with a peak response wavelength of 8
pm, the optimal geometric dimensions are identified as
a=1.8 pmand P=4.5 pm.

All-dielectric metasurface-coupled QWIPs (MS-
QWIPs) were successfully fabricated using electron
beam lithography (EBL) combined with inductively cou-
pled plasma reactive ion etching (ICP-RIE). During the
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Fig. 4 Simulated absorption spectra of the MS-QWIPs: (a) Spectra with varying micropillar sizes a; (b) Spectra with varying array

periods P
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Fig. 5 SEM characterization of the MS-QWIPs: (a) Scanning electron microscopy (SEM) image of the dielectric MS-QWIP device ar-
ray; (b) SEM image of the square micropillar dielectric metasurface array by ICP-RIE etching
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ICP-RIE process, a fraction of N, (approximately 9. 1%)
was introduced into the Cl,/BCL/Ar gas mixture. This N,-
assisted etching chemistry promotes the formation of a
dense, protective passivation layer on the etched side-
walls™. This layer acts as a robust barrier that prevents
lateral chemical etching, which is crucial for maintaining
the structural of the MQW active region after etching.
Fig. 5 (a) presents the scanning electron microscopy
(SEM) image of the completed MS-QWIP array. The ar-
ray consists of 4X2 independent device units with differ-
ent geometric parameters of the micropillars, where the
top electrodes (Top Au) , bottom electrodes (Bottom
Au), and the core metasurface array regions (Array) are
clearly discernible. Fig. 5(b) provides a high-magnifica-
tion SEM view of the micropillars region. The micropil-
lars exhibit superior morphological characteristics, fea-
turing smooth sidewalls, excellent verticality, and highly
uniform etching depth. Such high-quality structural in-
tegrity provides a robust physical foundation for achiev-
ing efficient electromagnetic coupling.

Under the regulation of the all-dielectric metasur-
face, the photoelectric performance of the QWIP devices
exhibits significant optimization, primarily manifested in

the enhancement of responsivity. To verify the structural
efficacy in improving light coupling efficiency, black-
body responsivity measurements were performed using a
500 K blackbody as the thermal radiation source at an op-
erating temperature of 50 K. Fig. 6 (a) illustrates the
blackbody responsivity of devices with varying micropil-
lar sizes (a) (at a fixed period P = 4.5 um). The re-
sponsivity of all devices increases with the bias voltage.
Notably, the device achieves its peak response at a =
1. 8 pm, which is attributed to the optimal matching be-
tween the GMR excited by the micropillars and the inci-
dent wavelength at this specific dimension. Fig. 6 (b)
compares the blackbody responsivity of the MS-QWIP
(witha=1.8 wm and P = 4.5 um) against a 45° facet-
coupled device. The results demonstrate that the MS-
QWIP consistently outperforms the 45° device across the
entire bias range. At a 5 V bias, the blackbody respon-
sivity of the MS-QWIP reaches approximately 54.2 mA/
W, whereas the 45° device yields only 33. 8 mA/W. As
shown in the inset of Fig. 6(b), the responsivity of the
MS-QWIP is enhanced by approximately 1. 6 times com-
pared to the 45° device, underscoring the superior light-
coupling capabilities of the integrated metasurface.

(a) (b) «
a=1.6ym =
250 4
S a=1.7ym »
L] —o— a=1.8um ) 4

A —e—a=2.3um i £ 81
z 200 4 e& R -t ; =
a —e—a=2.5um ;’ =
= A T=50K 5’

2150 2 304
= g
g g
© 1004 P

o

0 - 15
§ °
50 _g

= Goe" o Ms-QwIP
| 04 " —e— 45° device
0 7] array area: 2006200 pm?
working at 50 K
T T T T T T T T T T T T T T T J T T T T T T
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5 -4 -3 -2 -1 0 1 2 3 4 5

Bias (V)

Bias (V)

Fig. 6 Blackbody responsivity of the MS-QWIPs: (a) Responsivity of micropillar structures with various a size under a 500 K black-
body source; (b) Comparison of blackbody responsivity between the MS-QWIP (a=1. 8 um, P=4. 6 um) and the 45° device. The inset
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Fig. 7(a) compares the dark current densities (J,)
of the MS-QWIP and the 45° device at different tempera-
tures. The results indicate that both devices exhibit near-
ly identical dark current density. Remarkably, while the
deep etching process increased the total sidewall surface
area of the MS-QWIP by approximately 30 times com-
pared to the 45° device, no significant increase in J, was
observed. This provides compelling evidence for the high
quality of the micropillar array etching process. Specifi-
cally, the N,-promoted passivation effectively terminates
dangling bonds and seals the exposed sidewalls, thereby
preventing the formation of surface-state-induced leakage
channels™. Fig. 7 (b) presents a comparison of dark
current curves with and without the contribution from the
electrode mesa. The inset SEM image clearly delineates
the electrode mesa region and the detector array region.
The comparison reveals that the total dark current is sig-
nificantly higher than the dark current excluding the elec-
trode mesa contribution. Consequently, optimizing the
geometry of the electrode mesa or implementing more ef-
fective isolation processes is expected to further reduce
the dark current of the detector.

Fig. 8 (a) shows the photoresponse spectra of the
MS-QWIP and the 45° device at 50 K with a bias voltage
of 5 V. Both devices exhibit a consistent peak response
wavelength of approximately 8 pm. Notably, the peak re-
sponsivity of the MS-QWIP reaches approximately 545
mA/W, representing a twofold increase over the 270 mA/
W observed for the 45° device.

The dark current-limited detectivity (D}, ) is a criti-
cal metric for evaluating detector sensitivity, determined
by the interplay between responsivity and dark current

noise, D}, can be calculated as"™"':
. _  RVA
D\lark - D (1)
4eg, el
where, g . represents the noise gain and I, denotes the

dark current of the device. The noise gain is defined as
g =1/(N,p,), where N, is the number of QWs and p, is
the capture probability as 0. 1",

Fig. 8(b) displays the D}, curves as a function of
bias voltage for both the 45° device and the MS-QWIP at
50 K. Although the total dark current of the MS-QWIP is
slightly higher due to the inclusion of the electrode mesa,
its D}, (pink circles) remains superior to that of the 45°
device (purple circles) because of the substantial en-
hancement in responsivity. The D}, exceeds 3.0x10"
ecmHz"*/W across the bias range of 1 V to 5 V. Given that
the electrode mesa region contributes significantly to the
dark current without aiding the photoresponse, the intrin-
sic performance of the MS-QWIP (pink stars) was fur-
ther evaluated by excluding this non-photosensitive area.
The result represents an approximately threefold improve-
ment over the standard 45° device, demonstrating that
the integration of all-dielectric metasurface can signifi-
cantly enhance the signal-to-noise ratio of QWIP.

2 Conclusions

In summary, we have successfully demonstrated a
high-performance GaAs/AlGaAs QWIP integrated with
an all-dielectric metasurface designed for the LWIR re-
gime. By fabricating a square micropillar array consist of
the MQW active region, efficient optical coupling was
achieved through guided-mode (GMR).
FDTD simulations confirmed that the optimized geomet-
ric parameters (@ = 1. 8 wm, P =4.5 pm) provide ideal
impedance matching, ensuring that the maximum E, field
intensity perfectly overlaps with the active layers to satis-
fy the intersubband transition selection rule. Consequent-
ly, the MS-QWIP reached a peak responsivity of 545 mA/
W at 8 pm, representing a two-fold enhancement com-
pared to the traditional 45° facet-coupled device. Cru-
cially, despite a 30-fold increase in sidewall surface ar-
ea, the MS-QWIP maintained a dark current density com-
parable to the reference device, validating the high-quali-
ty ICP-RIE etching process. This work provides a robust
strategy for developing high-sensitivity, metasurface-en-
hanced infrared focal plane arrays.
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the MS-QWIP (pink) at a bias of 5 V and an operating temperature of 50 K; (b) Dark current limited detectivity (D}, ) as a function of
bias voltage at 50 K for the 45° device (purple circles) , the MS-QWIP (pink circles) , and the intrinsic MS-QWIP performance exclud-

ing the electrode mesa area (pink stars)

F'8 MS-QWIP (¥ i 7 A& AR 2 : (a) 7E 5 VAREA 50 K TAEIRE T ,45°83 5 (22 48,) 5 MS-QWIP (B3 €8, ) 1 i i 5 i3 b
s (b)50 KHREE R , 450884 (2 (5 1) \MS-QWIP OB (0,5 15) LA K HERS: o 4% 45 1 11 RS20 5 A ASAiE MS-QWIP MEfE O (8 2 2 ) 1y

T LU 32 BRARIN 4 (Ddark* ) B i # H R 1922 f G R B



XX

Xin Rui et al: All-dielectric metasurface-coupled quantum well infrared photodetectors with enhanced re-

sponsivity

(1]

(2]

(3]

(4]

(5]

[6]

[7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

References

Tan C L, Mohseni H. Emerging technologies for high perfor-
mance infrared detectors [J]. Nanophotonics, 2018, 7 (1) :
169-197.

Wang Y, LiJ, Sun H, et al. A review on the developments and
space applications of mid- and long-wavelength infrared detec-
tion technologies [J]. Frontiers of Information Technology &
Electronic Engineering, 2024, 25(8): 1031-1056.

Li Y, Cao B, Su X, et al. Infrared array imaging for precise
temperature measurement and temperature compensation[J]. In-
frared and Laser Engineering, 2024, 53 (10) : 20240269-1-
20240269-10.

Xiangyang 1., Ning L, Jintong X, et al. GaAs/AlGaAs QWIP
IRFPA for 10.55 pm long wavelength [J]. Infrared and Laser
Engineering, 2020, 49(1): 0103008-0103008(6).

Dely H, Joharifar M, Durupt L, et al. Unipolar quantum opto-
electronics for high speed direct modulation and transmission in 8
- 14 pm atmospheric window [J]. Nature Communications,
2024, 15(1): 8040.

LuH, Li N, Zhou X, et al. An LWIR QWIP FPA with sub-
5mK NETD and large dynamic range [J]. Infrared Physics &-
Technology, 2025, 144: 105629.

Schneider H, Liu H C. Quantum Well Infrared Photodetectors
[M]. Springer, 2006.

Hinds S, Buchanan M, Dudek R, et al. Near-room-tempera-
ture mid-infrared quantum well photodetector[J]. Advance Ma-
terials, 2011, 23(46): 5536-5539.

Jng YL, LiZF, LiQ, etal. Pixel-level plasmonic microcavi-
ty infrared photodetector [J]. Scientific Reports, 2016, 6 (1) :
25849.

Palaferrt D, Todorov Y, Bigioli A, et al. Room-temperature
nine-pm-wavelength photodetectors and GHz-frequency hetero-
dyne receivers[ J]. Nature, 2018, 556(7699) : 85-88.

Jing W, Deng J, Zhu T, et al. Monolithic High-Accuracy Long-
Wave Infrared Full-Stokes Polarimeter Based on a Meta-QWIP
[J]. Laser & Photonics Reviews, 2026, 20(2): e01411.

Yang K, Yao X, Liu B, et al. Metallic Plasmonic Array Struc-
tures: Principles, Fabrications, Properties, and Applications
[J]. Advanced Materials, 2021, 33(50): 2007988.

Deng K, Guo J, Zhang K, et al. All-Silicon Broadband Infrared
Photodetectors With In-Plane Photon Trapping Structures [J].
Advanced Materials, 2025, 37(17): 2419382.

Zheng C-L, Ni P-N, Xie Y-Y, et al. On-chip light control of
semiconductor optoelectronic devices using integrated metasur-
faces [J]. Opto-Electronic Advances, 2025, 8(1) : 240159-1-
240159-26.

Nga Chen Y, Todorov Y, Askenazi B, et al. Antenna-coupled
microcavities for enhanced infrared photo-detection[J]. Applied
Physics Letters, 2014, 104(3): 031113.

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

Miyazaki H T, Mano T, Kasaya T, et al. Synchronously wired
infrared antennas for resonant single-quantum-well photodetec-
tion up to room temperature [J]. Nature Communications,
2020, 11(1): 565.

Ding K, Ning C Z. Fabrication challenges of electrical injection
metallic cavity semiconductor nanolasers[J]. Semiconductor Sci-
ence and Technology, 2013, 28(12): 124002.

Barnes W L., Dereux A, Ebbesen T W. Surface plasmon sub-
wavelength optics[J]. Nature, 2003, 424(6950) : 824-830.
Willets K A, Van Duyne R P. Localized Surface Plasmon Reso-
nance Spectroscopy and Sensing[J]. Annual Review of Physical
Chemistry, 2007, 58: 267-297.

Kuznetsov A 1, Miroshnichenko A E, Brongersma M L, et al.
Optically resonant dielectric nanostructures [J]. Science, 2016,
354(6314).

Aigner A, Weber T, Wester A, et al. Continuous spectral and
coupling-strength encoding with dual-gradient metasurfaces [J].
Nat Nanotechnol, 2024, 19(12): 1804-1812.

Zhang X, You T, Zhao J, et al. Guided-mode-resonant grating-
coupled quantum well infrared photodetector for filter-free CH,
detection[ J]. Physica Scripta, 2026, 101(2): 025510.

Kamboj A, Nordin L, Petluru P, et al. All-epitaxial guided-
mode resonance mid-wave infrared detectors[J]. Applied Phys-
ics Letters, 2021, 118(20): 201102.

Wang Y, Yoon S F, Liu C Y, et al. Temperature and excita-
tion density dependent photoluminescence of sputtering-induced
GaAs/AlGaAs quantum dots [J]. Nanotechnology, 2008, 19
(1): 015602.

Gunapala S D, Bandara S V, Rafol S B, et al. Chapter 2-Quan-
tum Well Infrared Photodetectors [M]. Elsevier, 2011, 84:
59-151.

Xin R, Li N, Xia H, et al. Probing Electron Density in Quan-
tum Wells and its Impact on the Performance of Infrared Photo-
detectors [J]. IEEE Electron Device Letters, 2024, 45(10) :
1740-1743.

Tang W, ZhouJ, Zheng Y, et al. All-dielectric resonant wave-
guide based quantum well infrared photodetectors for hyperspec-
tral detection[ J]. Optics Communications, 2018, 427: 196-201.
Seo D-J, Kyoung J. Shape dependence of all-dielectric terahertz
metasurface[ J]. Optics Express, 2022, 30(21): 38564-38575.
Xin-Yang J, Wei-Wei L., Tian-Xin L., et al. Enhanced absorp-
tion of infrared light for quantum wells in coupled pillar-cavity ar-
rays[J]. Optics Express, 2023, 31(5): 7090-7102.

Volatier M, Duchesne D, Morandotti R, et al. Extremely high
aspect ratio GaAs and GaAs/AlGaAs nanowaveguides fabricat-
ed using chlorine ICP etching with N,-promoted passivation[J].
Nanotechnology, 2010, 21(13): 134014.

Hainey M F, Mano T, Kasaya T, et al. Systematic studies for
improving device performance of quantum well infrared stripe
photodetectors[ J ]. Nanophotonics, 2020, 9(10): 3373-3384.

MR EIEse M2 T RB R IR A E T BN

= 1,3

ro 1,2 E V1,2
;f‘t Ay ) /ﬁl IV

AT,

K2 AL,

2, FRE

(1. P EPRREBE G EARYETIR T 2502 SHOR & E & R 5080 %, B 200083 ;
2.t ERLERE R, LR 1000495
3. i RHERE YRR SR 2R B, B 201210,
4. IR TR F2EBE, i 201899)



AN/ RS9 S g o

XX &

FEE: EF UM & (QWIP) S 32 B A T K 3% 40 s (LWIR) 4 43, (2475 % TR T3 6 & F 3 % (QE).,
ERGEMEGEGHERTEL EENE BT QW) B E T2 T 837 %o A 771 s k&, H %%
FREFTEUNFREARREMN, YT ARXLERAFRGEEREL, TR T —H N ABREHEEETH
ST AME I B8 (MS-QWIP),, % #8 % T K Bl T 7% 2| 1k 4 80 & ] GaAs/AlGaAs % & T BF (MQWs) A k4| 4 1 7
AEEF], FIH A LR (GMR) AL, MR A T RN E R0 E(E), AT A 2% £ 7 ISBT % #
LR T ARRKAME Y, ES0KEEAMS VIRETH L4 KRR, MS-QWIP &y 14 {F v I 3 3k | 545
mA/W, RERAS TR BHRATHE, WA ZHRMNEGRGTAH 166, HEERNE, ZEN
TR T BB AR AR, ATTIH T R, X ITAEIEN T 2N AR E SR ER T QWIPE
RGEAE R,

X 8 RETHFFAEMNE KK N ABEET

FESEKS:043 CERFRIAAG : A



