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Spectrally selective infrared thermal detectors based on artificially
engineered nanostructures
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(1. State Key Laboratory of Infrared Physics, Shanghai Institute of Technical Physics, Chinese Academy of
Sciences, Shanghai 200083, China;
2. Shanghai Frontiers Science Research Base of Intelligent Optoelectronics and Perception and Institute of
Optoelectronics, Fudan University, Shanghai 200433, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Infrared thermal detectors are of significant importance in both military and civilian fields. Traditional infra-
red thermal detectors usually have broadband absorption characteristics, although which brings the detectors featuring
broadband responses, it also increases the noise due to the presence of additional radiative thermal conductance, thus
limiting the detection performance. Recently, it has been demonstrated that thermal detectors assisted by artificially en-
gineered structures would have performance beyond traditional broadband thermal detectors, since such elaborately de-
signed media can not only reduce the thermal conductance of the detectors by spectrally suppressing the undesirable ther-
mal emission, but also decrease the thermal capacitance due to their subwavelength features, and thus improving the
performance of the thermal detectors. In this review, we first give a brief overview of the fundamental concepts of infra-
red detectors, including bolometric, thermoelectric and pyroelectric detectors, and then summarize the recent develop-
ments of spectrally selective infrared thermal detectors based on artificially engineered nanostructures.
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Fig. 5 Spectrally selective bolometers based on metal-insulator-metal metasurfaces. (a) Si bolometer integrated with Au-Si,N -
Au-Ti metasurface (left) and the absorption spectra (right) for widths of 1.25 yum (dash dot line), 1.5 pm (dot line), 1.75 um

[81]

(dash line) and 2. 0 um (line) , respectively™ . (b) VO, bolometer integrated with polarization sensitive metasurface (top) , and
the corresponding absorption spectra and voltage spectral responsivity (bottom) under TE and TM polarizations®’. (¢) a-Si bolom-
eter integrated with Au-ALO,-Au metasurface (left) and the corresponding absorption spectrum (right) **. (d) Si Ge O, bolome-
ter integrated with Al array metasurface, and the specific detectivity vs. modulation frequency (right) . (e) Au-SiNx-Au bolom-
eter integrated with polarization insensitive metasurface, with top Au layer serving as thermal sensitive material (left), and the

scanning image of soldering iron by the fabricated single pixel bolometer (right) ™.
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Fig. 6 Spectrally selective bolometer utilizing metasurfaces (a) carbon nanotube bolometer integrated with rhombic Ag metasur-
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face (left), and the comparison of responsivity between plasmonic and non-plasmonic device (right) **'; (b) bolometer integrated
with metallic grating metasurface, and the near infrared spectra of different structure sizes™'; (c) bolometer integrated with hook-
like Au metasurface (left) , and the corresponding extinction spectra (top right) and voltage spectral responsivity (bottom right)
): (d) bolometer integrated with metallic cross metasurface (top left) , and the measured TCR (top right) , photocurrent-voltage

characteristic (bottom left), and the measured photocurrent vs. modulation frequency (bottom right) ™"
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Fig. 7 Spectrally selective thermal detector utilizing Seebeck effect (a) spectrally selective thermal detector integrated with metal-
lic holes array metasurface (left), and the responsivity of varying geometrical parameters vs. wavelength (right)™'; (b) spectrally
selective thermal couple detector with Fabry — Pérot cavity (left) , and specific detectivity vs. wavelength (right) **'; (¢) thermal
couple detector integrated metallic cross metasurface for gas sensing (left) , and the normalized voltage spectral responsivity
(right) “'; (d) poly-Si thermal couple detector integrated with mesh grid metasurface (left) , and the absorption spectra for the

nanostructures with different geometric sizes (right) "

P, e g R 255 1 X PR P R BT 15 FRAY AR XS PORE FL R A 2 AR R e 5 AR AR
PREEH , S BLER — BB PR E DL 5w R R0 A, DA R 0™ A L, e Sh e R Il 3,
AEXIFRIEIC . 2RO G IR, XS Rk 254 ml T 0 RN R T Rt 8 A A RN L e FAORE

7 AR DG T B LR BN . Bk R A PR F R R R A v
2.4 PBERN:F 20— E wC/m’ K, INERIR BN, e R HH 45 5 i AR ki

PRI 210 55— Fh oK R R s AR 28 . AR AR B R B0 8 B L 75+ wC/m’K LR, 3
PR EL PRI 28 ] T BB B AR, BVR AR AL, TR BRER R R BT R BR L 2R BH 86. 3 pC/
SRR AL & A Al N ZE R TSR . 5 mPKo 0T34 IR AL BN = (3O FR A, 7T 75
H b T o AR T R ], AR R R B — PSS I A RO -

L BRI A R TR AR AR R A R R R =90 b Al en®, 24)
5 = . e dt di 2 2 \V2 7

2k R B RS B D 2 R AL (P) Rl (G2 + w’C2)

GEMAL (6,0 E) WITTHLZ A o, Q S HBE L LT L A AR ISR R TR, p R

D=RW%¢JAEJMF- 22 %%ﬁﬁﬁ%@@ﬁmmﬁﬁfwmﬁﬁg%w@
) (AL, UV TT 5 AR L PR B8 W 7 5%
A R H A7 TR AR AL A 7 Rt g em 25)
Py R PR R B PR R B B O LA P g, 1+
DRI TR AL, HAERZAUE 0L T %5055, M B (25) AT LR AR X I (0 < Uz,,) T
B AT AT L2 0 - 7 S 5 AR A 7 e A X 7 2 A 3
A AP, [de, dpP. DAL IR, AR FhL 500 25 ) T 7 3676 A S 149 B 0k LG T

= = dE’ = . 23
PEar T ar T ar 0 B i 2 s U PR T LA G R L



51 e o T T B L R 2 603

Mo

m 5 i o

= 80/ * &

g =620K = £

2 Gk S

ROt g
Oy

Tk 2

2

s

gao 'll

*

Reflec
1]
e
=
E 2
l :
X
Detectivity (cm Hz'™ W'(x10%)

&
e e

5 10 15 20

= 1,75 pm (focused)
‘| i
(90 o) =
:

I

No Pattem  With Patiern 0

Wavelength (um) Top-electrode Structure

X
z
0 12 14

O
Wavelength [um]

| k-
e ’> * wo § o §
a A . 3

(@ o »
| o=

P8 R T R P SO Yt 22 FEL A PRI 88 (@) A5 PR A5 A 1 R 2 THT ¥ 51 PO sk 8 K A8l 22 v A P00 2 (D), B G
S (22 TR, A0 LRI 345 A 2 10 25 44 X Ll (T PR 5 (o) R AL £ 285 0P A X R 228 ) 7 0 L 22 P
s (LD RIMOETE 55704 CF D™ 5 (c) BRh G Jm A LR X R 2514 19385 22 v 0 5 L 18D, ROt v 3 DG 5 £37 5 1Y

A5 CF D™

Fig. 8 New types of spectrally selective thermal couple detector utilizing metasurfaces (a) Carbon nanotube integrated with Al

hollow ring metasurface (top) , and the corresponding reflection spectrum (bottom left) , and comparison of detectivity between

patterned and unpatterned devices (bottom right) ?'; (b) graphene hot-carrier Seebeck detector integrated with [Jasymmetric hex-

agonal holes array metasurface (top), and absorption spectra and electric field distributions (bottom) "*'; (¢) [Jasymmetric single

metal thermal couple detector (top) and the spatial distribution of photocurrent with spot position (bottom) %

SRS R L SR, 52 PR THOEMUS 1 FA
PBE B SE PR AR G T 1 I WAT 2 A 1) PR L PR 2%
B IR 17 B[R] 24 A ms B s 0. N T AES # T
BA WP R BEE 47 /N 45 1 1 RUEE
R AR AR DA W WS 5 4 ™ S 1 AR R AL B ], DA T
PR B e

Xof T 5 v D B FAGRE H R 2 309 1Y
WFSE AR 51 A B HL A0 00 254 DL R 301 1)
BB - RPN E 25T R AR Y
RMEM . Jon W. Stewart F- i FHBEHL 5317 A9 Ag 44
K7 PRah ke i) w1 R R 2 T A ) BAORE FE AR U 2
(9 (a))™, BB AR AIN, 4 19 #44 7T LA
TE R DL BT 21 81 i B 52 I e 8 1 0 s W i, I
B Ag 9K T7 Bty JLART ROST B 6% 181 15 I8 AT 1) 06 i
i SOt I RE A RVR R IR SR NP (NS
WA 1) S R R T 18 B ) g 7 R R A PR
J7 N8 2 55 AR T 1. 7 ns, B IHISAUA 700 ps. 1)
BTG 25 S 3R ] e 57 B[R] 2 5 9 28 0 O AL B A
25 ps, EFHIAUAT 6 pso AR R4 0. 18 V/
W, W % 3.9 x 10°em+v/Hz /W, Kaisheng
Zhang BT 1 ANIEN 9 (b) 718 (14 14 35 D60 TR 4 4R
BEHLERM &5, Al 4 s - A -4 8 = )2 45
P R W W gt Ay, e rp T2 46 J& oy T RS 454

SEEL T AE 3. 16 wm b 95% Y 7= T W, e i e
HF0.7 pme #RPEROGE R IRES R B, 2R e
FIKF] T 2200 V/W, 1E 26. 3 Hz P8 95 T B9 LA
MF A 3.2 x 107 cm'«/E/Wo Anh Tung Doan ety
IR 2 T W 9 () IR 1) Al-ALO,—~Al B4 1 1
Wt A TRl RS 2 ALYE R 28 0F 0 sl R )
K ZnO PBEHL AL o 3 I AR T2 AL B Y L AR
RUSE, 0] DAAE #A v g B v Bl 64T R, S
X AS TR K 1 v WA o B e R S BT P O D B
100~140 mV/W B i Ji 2%, H 2 155 58 2 900 ~ 1200

FEHT R A I B b, A 3 1 25 A A A ) AR F
PRI 25t BE A% 52 I X SRS S~ 8 pum D% B,
MRS E DR B . Xiaochao Tan ZE T T
WA 10Ca) JIr 7 () —Fl T 22 R AR T 1) e ) 2%
T H R A PR L BRI 28 Pl TR TRl B AR FE AT
1 B ELAT AN [R) A SRR IR AT 06 PRI a2 SR 8 00 25 L
AT . EL A A 3R T R S A ) AR
PRI 5 07 ARG BT854 0 LT RoF, AT s )i
TR 4G TR 2 ~ 8 pm 2k 8 Tl A A4 B 5 I Wi e
4 78 7 o ) 2 T W MR 5 ) o A T) e 7 g 2% T IR R
SERREAE A BUFE W — oA L IRIB E AT 22 00 B
LR SARKEIN . FRIEAE S Ha P8R A e R e 1 3



606 g hh 5 2 oKk U e 42 %

"W e W W ¢ By
B .
ey -

Sy A

Patterned Plasmonic Aw/Ti 31/Snm

‘Wire Bonding Contact

Au/Cr 300/30nm

Cr/Au 50/10nm

[——Measured Absorplivity|
—— Sensor Response 0.9

tivity

g
e
-
T|

Raspan: A [
o 8 B s B 2 g
Y &
. ), e
2N
H —\ Y
N\
..‘-‘\“L‘
P pm——
ahig

b sl Jl. o0
........ 2.5 3.0 35 4.0 45 50 55 6.0
L5 20 25 30 X5 40 45 50 55 &0 ‘Wavelength (pum)
‘Wavelegnth (pm)

P9 b T LAY S B P I AR AL PRI 4% () BEIL 70 A1 £ A 7 B A A FAVRE Rt P00 4% s 11 55 0 A% 81 )l B2 70 A
(LR, B AR RS J5 B i S 56 556 B RIS (R ) 5 (b) 42 -4 J5E -4 Ja 1= B0 37 245 g 11 7 Ay 6 17 PAORE P 400 2
(LB, B HM SO 55 0 e FE e o 32485 (T T 25 (o) Z2 BRI Y AL-ALO,-ALBIFEZ5 Ry 4 (¥ 3 B (22 ), S5 IRIBOE 1%
PSR SHAC S DR

Fig. 9 Near-infrared and mid-infrared pyroelectric detectors integrated with metasurfaces (a) pyroelectric detectors integrated
with random Ag cube and the simulated thermal impulse response (top) , and the reflection spectra and photovoltage spectra of sev-
eral different detectors (bottom) **'; (b) pyroelectric detectors integrated with metal-insulator-metal cross metasurface (top) , and
the absorption and photovoltage spectra (bottom) “**’; (c) pyroelectric detectors for multi-wavelength detection integrated with Al-

A1,0,-Al cylinder metasurface (left), and the absorption and photovoltage spectra (right) '

J790 V/W M 23 21,9 x 10° W/ Hz. 10 784 G 2 45 1 W e i PR BRI 245 T DA 98 X —
(b) /& Kansho Yamamoto %5 AUEH R HI R mOETE R AT BN A BB AR AT 94 RS
PEFEPEPRE LRI B8 A TR AINFE el PRI T, SO R SR TS
WL IETE FH R 2| AL B R FLET B2k . smar AR 3R T ARG e B P PR RN 2% AT R A
VA 4 B ILME S R, AT LU e e S RIS RO IR IR A ST T AR TR RE
K, SCIUA R0 B O W, W I R S 2 1 o, SRR SR ET A TRSIZ R 58 Jy Ik i A
eI 45 SR T, R S T O R, bty IR AR PR R SRR ) B, AT IS
BRSSO RE RS A I R K 2. 3%, Jonathan Y. Suen 7 » ARLAR K M6 KL FRf IRDAIHE A B2 o X (5
S T 10 () B LB ER § ™ gl RS MBI AT M RN AR T i B
B P h e 2 e K B s it e g, POTRI R AME AR, S A G R R R Y
T 3o 0 e 0 i g B S 3 R AL 575 nm . AN T IRCAS A B v R RN 2 A A AT AR A
FE 19 LiNbO, SR bR |, e A 5 s S AR 43 B 8 WO 4 8 M PRI 288 1 LE AR
PRSI T ZE KI5 10. 73 wm AU 560 nm F s sify  DISRAEIELE 10" em -/ Hz /W 2 (HBA T 10
A HE PR PEE B R U L WL A T 86% , IR T Iy, SEBRAEIERE S BIS AR FRIE A IR KRR B AR K
7 % Kk 28. 9 ms., IR AE 107 em- v Hz /W 5 My L FEas il HATR A OS5 TARMER AT FR , Aok
. LA S RIOLI & B Dot VISR ASBIERACHIE @ AREE T 55k

ot HL B A A 280 Ehuf—’f%ﬂﬁﬁfﬂﬁﬂu&ﬁﬁ%%%%%ﬁﬁfi
y . PRI 2R 5 10 52, DA ik 8 BT T T
3 BRESRE OB . A 1 T A T s 0 1 7 S 3 T

T 555 19 55 1 R o7 PR TN % ol T LA AR e A HUES R A ROL R R BRI 2 (7 (b)),
BRI IS B A 2 AT IR ORI JLHR ISR 2] 1 10° emeHz /W o W01 SCHTIA
JERMETFS , e Z PR T AR PRIERE R ERR . BFSEERI,  RE MR I A AT L Tk A B Y A B



W AE T N TS DGR R LD AN AR I

5 607
(a) (b) ©)
e
9 1opm T
20/ %
—
SEM Micrograph Unit Cell
1
- 2 ]
=
1.0+ — IR absorption spectrum 0.40 120 8 —08 8
—— Narrowband detector voltage response S Si filter o Measusil . =
£ 1001 —#—Sensor A (pattered) g} 15 Sk 3]
0.8 0.32 = | o~ Sensor B (unpattemed) 2 =06 =
s & 804 = — | >
£ 08 024 5 E [ .t E 1
= 0. s = | o ., < —o04 2
2 < o 604 o e P Detector G
3 S5 P o, S [Response 1 s
< 04 0.16 = 40- /! . £ 8
< — 5 N ., 305 02 B
g £ 201 o 00000000, 0. % - ;
0.2 0.08 H 000" O, o Reference -
o 0 o Detector =
0.0 0.00 01 1 10 100 9 10 1 12 13
3 4 5 8 7 8 Chopping Frequency (Hz) Wavelength (um)

Wavelength (um)

P10 R R 3% TAT AR A AR I 5 4 AR s R85 () T T 20 A TR 1) 3 26 436 P 68 58 9 7 5 g A 2 T R 1
RINES (L), BRI BOG T CF D™ s (b) 42 Ja FFL B 51 45 44 1 AR A 2 T AR LRI 25 (L RD) 5 Sl ) B3R 1T 55 Jo i 3%
TP RE XS HE CR IR 7 5 (o) AL 2R TR 194 FEL 7 S Rl B 1 R et P e /s 2 P BT WSO 3% -5 0 H s i o 33 ()™
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