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Application of Metasurfaces in Microbolometers

YANG Jun, YUAN Jun, YANG Chunli, WANG Wenjin, ZHANG Jie, LI Huani
(Kunming Institute of Physics, Kunming 650223, China)

Abstract: Metasurfaces have overcome the electromagnetic limitations of traditional natural materials and
solved the bottlenecks of difficult processing and implementation of three-dimensional metamaterials, leading
devices to continuously develop towards integration, miniaturization, low cost, and tunability. Metasurfaces
are widely used in many fields and are increasingly valued in the field of detectors. Through unique material
and structural designs, metasurfaces can effectively achieve precise control of various electromagnetic wave
characteristics. Through the integration of metasurfaces, microbolometers are more likely to enhance light
absorption and improve the device band selection. This article elaborates on the research on metasurfaces and
their applications in microbolometers, demonstrating the development trend and broad prospects of

metasurfaces in this field.
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Fig.1 Schematic diagram of metasurface correlation theory: (a) positive and negative classification of magnetic permeability and

permittivity and schematic diagram of their corresponding materials; (b) Schematic diagram of Snell's law in a generalized sense

(The left image shows its two-dimensional form, and the right image shows its three-dimensional form) [©7); (¢) Schematic diagram

of the drowning person's plight that aids in understanding Snell's law in generall®); (d) Schematic diagram of parastatic refraction

and reflection of subwavelength V-shaped metal antenna metasurface array!®; () Schematic diagram of a Poincaré sphere from

which the PB phase principle is derived!'?]
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Several metasurface absorption structures and their result diagrams: (a) The left figure is a schematic diagram of the long-wave
infrared absorption resonance metasurface structure; The right image shows the reflectance spectrum of the metasurface absorber(*?];
(b) The top view and schematic diagram of the periodic metasurface structure are shown in the upper and middle figures, respectively;
The figure below shows the influence of optical resonator and surface plasma on device absorption[®’; (c) The left figure is a
schematic diagram of the structure of the infrared broadband metasurface absorber; The right image shows the absorption spectral
response diagram of metasurface absorber measurement (solid curve) and simulation (dashed curve)*; (d) Top view and schematic
diagram of the microbolometer structure combined with metasurface and middle figures, respectively; The figure on the right shows
the voltage noise diagram before and after vacuum annealing at 300°C*; (e) The left figure is a schematic diagram of the structure
of the red rose-shaped metasurface absorber; The right figure is the absorption spectrum corresponding to the change of angle between

0° to 45° relative to the surface normall*®]



Aot 1
2024 £ 1 H

ANE N N
Infrared Technology

Vol.46 No.l
Jan. 2024

ot PRI % 1) 5 M R oK BT MR 5 &5 4
B SR OE T EE BN, LT, BRNER
T MG A S R A SRR T R S BB A T A iE
EHWED . JATAT L i BT XA T
THERARAT BRI SRR P :

——dv
B2 A kT s
2 :J~0 2 _J~ 8nh™v' e _ 16k,0T

o e v : c
T
ef’ —1

A o TR L-BUR G2 F . BRI ES
T TARAERLLAMNR B, YRR AR B A B Bl O HE 3 2
PG P ) — MRIF R R RIS, ottt
IR AR, OSBRI S _EROETF HAE — /il
TR BT ABATIE 7 ZHE I KA o, 6, R IE IE
LRIk A

-

2

v
kgT

vy 2T 2h2V4 e’
J.vl J.o Io é v 2
e’ —1

M ERATRAE H, AT 50 aiE o, il X
BRI RE BB BN, BT RAC, RS EAC
(EER

AT 6 1B 428 420 T il S 17 B 0 N B
HIRZ M DL HOGIE &£, Harsw AT
AR TR S Bt B E AN IR R A
"B 38 3 BEL IR T 7 D' 1 DX ek DL A ) D 1 A R S BN 2
PR E TSGR, AR BRI 5 8 S5 A s AR o
BAT AR TT LI B4 1 07 ARG 75, (AR 2 R
M S ARG B H 5 ot . PGS 2 i 1) I
IR SO RE E BERAE T — SR AR . B
. A A

Thomas Maier 25 A\*I7E 2009 2 H ok #EA k)
SR S B, I A AT AR R ST 1 g e . 2 G0 A ST R
thE, T 2010 5 TMNE 4a)Fras R R
it W &R -0 -8R 6 T 2 s IR A
PR B EIA% G ol s s 2t b, i i o3 @A ek
YR ST ZE00T DS Sl i P B Kk e, 3%
SE BT Z Be % A 0 B R4 BR B 4R 7 & LA B B
Ko &Eftim, Bon 1A e %8 77 0 I /).

H B R IS AR A2, AR — TR AT
o Pt DAFR & AT T8 0 T8 ZR T AE T A 5 AT
Kik# R EA o EERE . 2013 4, Hoo
Kim %5 ANPOME 7 — i = 4 B 0UHS Bl 4 5 At

£(v,0.4)sin 0dgdodv )

6

it e Gkl 4(b), MM T PIRIAN A B S 2R AL 1)
FLBHARJZ, R AMES AN S v, A PE 45
AL AN E RIS o« 2 B AT IR T B0 I
DR S T — R L RSO LR, R S s 2 2 e
5 A RO RS R AT A B R R, 1T S N R AR AR 2
TR e s 2T A B RE o 45 IR R, THER (A B 2 7E
5 pm Kb IR ISR, s 25 R R S 1) B T U AR
10 um KbsA SR ISIEAR . P FRAS [F) 2284 e BELAR 2 1 3
SHA NP RE RS AL T 244, IR
WAL AN 2T i B T SR SOSCR F 5 100% .

2015 4, Joo-Yun Jung 5 APUSEH T —FprE K
CL A B P K 3 56 1P A 2 T W A 8 R 3L B
F 26 MR G B i 4c), & R
WAL 28 7 K I 21 A B T A A A A K
PRSP, FEUE B T8 R AS [RRUS 88 58 1 45 44 B
R = EOEIEM R . R T K e 2 T
SRR AT 22 6 e S A B B ekt . R4,
Kaikai Du & APAFST 7 —Fhin & 5(a) it 5 TR
W28 RIS S AR o A% AR S A L2 2
R, MBS IS R RE HE 185 nm. (G A & 4%
MBS, TSR AT LA 2.4 pm %2 3] 10.2 um,
AR IR LI 90% . TEZS E B DL T, PR FH T
TEAIES] 13K, FEARBUE R G BoR 7)1
(1) S AT 5%

2016 4F, Tao Liu % NPIZEEH R [ 454 el
ZL AN R AR ORI AR S v 18T, 3R T a0l S(b)
BRI 75320 T 48 P ) BB 3R T 540, SR 7 ad i K
CLANE T A R0 B8 A IR o AT TR SCH3ATR T 1 B A
IR S AT 1) N T A8 G T 1/4 RSN . [
i 33X i 5 W 4 i 3 22 2 T 3 TR B TS O AR
by DASEEAE R RERE A i RSO 1) TR B A A i e 4%
PE. TMJETE 2019 4F, AAT] AR A B3 T PR
oo 35 2 T (PO S AT, DASE B I 4 AR 1)
W Al 5(c), fEEE—ANTHH, R T
fEH, fARRR T 8 AFXEAT -2 1/4 B RH . RIS
PR B AEAR TG T 7 ] DA AN A 4 78 R U 1
BT SR RE 38 DR AR A S BT AN AR 2 [R] F
PH . BB AN R T A, TEROAR SRV B
J5 X T 5 AN AR S Bt RN O S A
IR T T AR T Oy R SR e, IS
15 fit 5 KPR 8 1 B A U 2 R i B SR AR
TEL VTR, BRI AR AT TCR 31T 5%
£ 12%, HPHREERE, PR T I R
H o S 2R R BRI R B RE I A 10° VIW BT 10°
em-Hz"/W LA L.



Faoh 1
202441 A

Vol.46
Jan.

No.1

My HSE BRI RN A N 2024

(@)

(b)

(bolometer membrane) Si;N,

1 l [
:_T _F _F ,J___T _F
,‘ﬁ‘ﬁ‘ﬁ - ___F_F

dielectric (Si,N,)

c o ®) \ N o~ Rs 10 Q)
G 08 ¢ Out of band Transmission T T
2o Dipole Length Dipole Width ‘
S 218 um 0.15um N N
% A AN Air gap 1.25 um
Out of band Reflection . ‘ Nsum/d

2 3 4 5 6
Wavelength (um)

_T_ \ / _—_F_F

ength  Slot Width

Air gap 2.50 um

A11(7«"\)/4

Power Absorption Efficiency

4 5 6 7 8 9 0 1 12
Wavelength (um)

(©

@)

Absorption

7 8 9 10 1

K 4

Fig.4

Wavelength (pm)

JURHEB AR IR AR LS5 IR (1)« (a) LIRS P ELAN 20 AR T 2 A B e MR i B T 98 AN [ R e T
e 4 5 R B eI A A SO T Y, (b) 2 b A b A G D A 2R R LA L R e SELRS L A A - I R e AR
R Es SR BB N EOVER A IR ZE (20 . BAUEREARZE (D MER-EEES AN B o EEo,
()75 I 22 51 W K A 0 T A 85 R A T B B TC M i I 5 A PBIDN = R AN [ RS f e o T R Wi 4 ' 8 o f2
[&] (511

Several metasurface wavelength selection structures and their results (1) :(a) The above figure is a schematic diagram of the basic
unit structure of the mid-infrared multispectral metasurface; The figure below shows the absorption spectrum integrated into the
microbolometer with metasurface absorbers of different widths!*”); (b) The upper left, upper right, and middle figures are the
schematic diagram of the structure of dipole type resistance plate, slot type resistance plate and dipole-slot mirror stacked
metasurface absorber; The figure below shows the absorption spectra of the dipole resistor plate layer (red), the slot resistor plate
layer (blue) and the dipolar-slot mirror stack structure (black)l®®; (c) The figure on the left is a schematic diagram of the structure of
a multispectral wavelength-selective metasurface absorber and a single unit of metasurface; The figure on the right shows the spectral

response of three metasurface absorbers of different sizes!®!)
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Fig.5 Several metasurface wavelength selection structures and their results (2) :(a) The upper left figure is a schematic diagram of the

metasurface structure; The upper right figure is a schematic diagram of the metasurface single element structure; The lower left

figure shows the spectral response of the metasurface; The figure below on the right shows the relationship between the absorption

peak wavelength and the radius of the gold disk at the top of the metasurfacel®?); (b) The figure above is a schematic diagram of the

narrowband metasurface structure of a hexagonal array, and the figure below is a schematic diagram of the broadband metasurface

structure integrated into a microbolometer!>); (c) The figure on the left shows a side view of the metasurface integrated into the

SixGeyO1.xy infrared microradiometer (single chamber on the left, double chamber on the right); The figure on the right is a schematic

diagram of the response rate and detection rate of a single-cavity microradiometer!>*l
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Fig.6 Several metasurface wavelength selection structures and their results (3) :(a) upper left and upper right figures are respectively the

cross-section of the absorber tuned by liquid crystal and the simulation (dashed line) and measurement (solid line) reflection spectrum

of the liquid crystal tuned absorber under 0 volt (blue) and 6 volts (green) conditions; The lower left and the lower right figures show

the cross-section of the absorber tuned by piezoelectric tuning of the absorption cavity and the reflection spectrum under different

cavity thickness values®; (b) Schematic diagram of wavelength-selective bolometer above (full view at the bottom and cross-

sectional view at the top); The figure below shows the relationship between the resonant wavelength of the device and the width of

the resonator (W)7); (¢) The left image shows the structural diagram of a metasurface integrated microbolometer for spectral and

polarization detection; The right image shows the cross-sectional view of the metasurface absorber with different widths of the two

antennas and their corresponding spectral absorption curves>8!
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