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Cross-Band Infrared Spectral Tailoring and Application of
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Abstract: The infrared spectrum (0. 7830 pm) plays a vital role in materials detection, energy harvesting,
environmental sensing, and national defense security. However, traditional materials, limited by the strong
coupling between intrinsic optical constants and thermal properties, struggle to achieve independent and precise
tailoring of the infrared spectrum. Recently, the emergence of hierarchical photothermal metamaterials has

provided a novel paradigm to address this challenge. This paper explores a multi-dimensional, multi-physics
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cross-band infrared spectral modulation mechanism based on micro-nano structure design, focusing on the evo-

lution from microscopic electromagnetic resonance to macroscopic spectral and thermal field management. It

reviews the progress of photothermal metamaterials in constructing ideal blackbodies and achieving infrared

camouflage, and delves into their breakthroughs in energy applications such as radiative cooling and thermo-

photovoltaics. Finally, we outline the challenges and opportunities facing this field in both theoretical research

and engineering applications, including large-area manufacturing processes and adaptability to extreme environ-

ments.

Key words: infrared spectrum manipulation; hierarchical photothermal metamaterial; multi-dimensional ;

multi-physics

0 3%

ZUANER R T 2 AR S 3l A7 A Y ) BB
G HOGTE A A6 B vl B AAR e fl
. FEZE IR (~300 KO B IT . #5565 0 0 1 9
KA FHOm LT M B (8~14 pm) , XA AL T3
Gy 2 AT LLAMR IR AR 1) Wy PREE AL . 55—
Tl LAMET 5P AN, YR
Rt L REVRRI AR U A T AR
KIALIK, 20865 Y IR 12 S B0 T M kY
Z 0 S U S N N U R
WOTIRAE . SR, SRR S 20 T DhRERY
BRI . JCEE R IO RGN
Sk M i L VAU BTER IR

FERG AR BT T aX AL GE
HAN TR o, BEFEH e 31T
FIAR AP AR S A L G S 0. T S BLRS
JEG AL B L A bR S AN IR
FERBA I o AT A O A BRI — B 2% 0y
SRR s ROBE BT SR TE AR R
FEHEOLTFERE S REY . K. BKE
HWIEE A PRIAAL T SRR AR, S B
R T I LD AN G R BT SR AL TSR A e T
He o ARSCE 1M X — A i 4008 A 3 40 0F e
JEJE HAZ OB PR . A5 BTE SRNE Jf JEEEOR
HKIr 1
1 B ROEE #i H8 AR A R Y it R 32 Au
LA 4T3

it RUJRE D' POl A A R I R0 7 TR
5 S ZYEEADLY . 55 2 ) B B[R]

INFRARED (MONTHLY)/VOL.46, No.1, JAN 2026

Wit 5. fEFZm b, OWEs # (hK/
PICK RS 3 3 Jeg 3ok 2 T 55 B oT e AR L K IR
PR kAT - B R I, SEE R
P B G0 = O AR 5 W AR E )R TH
s TG R WA AR 22 K 8 DR R
RGN U AL S L X M Bt ad i, ek
S PR RE = AR AR AL
5L 3G 1 S FaE 7 A, AR SC
SIARER T ALYy, X B7E T 9 1R 0 5 ot
ST I R P v R A S A Ak (]
) B B 7 K 4 B A R AR D A i, AR S A
W EE, MERAEY . KO RITY
(RIR BTG XD s XFreR MLy, Wik
F R B /N T Bl /N T AR S B RRE A, 1 R
SF a8 A B A A, R S ORI
EEHEATHX) .. fFERREMEG X, FEXE
BRI YD AE RN 25 A% . LASER R i
HACAB, AL
M, T
eA,T) = m
Kp, eQL D W IARTE R — R 1R W 3R Bk
KA M QLT R Mg (T 43 SR 44 i
PTG Y DX R A R, T R A P
(el

M= Q,T) =

oy

2hc? 1
' eXp(AZEF__l)
K, ARUER s T REE; h o35 W v w5
h=06.626X10*"Jes; ¢ NN ; ks NIIRZEE
TR, ky=1.38X10"% J.K ',

FERBH I X, T 4 B Os S5 0U0 1

(2)

http: //journal.sitp.ac.cn/hw



AT, B

. Ab 19

R HG SR AR FE A O3 B 37 15 5
R RE e . REE AR p(DTEE X
LERRR

ﬁMWQJ%M
P
P, Po W ARSI, DL G IR 1 TE 25 O
FIERfERmE, . £5%. XFWMEE,
AR T, LU RE S 09 8 X W) A R A e
., T TR RS ST M QLT R
JE B v E . T T R O B S o LA
B, AT R A - e E . IR
REMIE 20k N F H .

W1 Fras, 204N BT 4l 4y R i 4140
Wb, hkash, Kigash, ER L b
DA R B8 2T A 5 B, Hodr, BogpREee
FEEPLET W p IR AN B RS
(R 1% 8 42 10 5 2% B K P 21 Ah il BT L AR
PR TE . BEIRAIER A9 N 3 B e TR B Y
P4 TR TR NS EE 5 NI NSl [ 22 e+
B ORATE B R s 0, iR T A
PEHOl R SRR R ME AR R
0. 78~30 pm P B, A SCH & SR HZ U Bt
AV IRVl ST et N4 NS 8= S0 1 RS

p(T) =

(D (3

., NR . SWIR

MWIR

SR AE T T R PV, IR 2038
FEE,

2 HFR#tRE

2.1 HFRE

S ARTE L HOEI Y L AR s
B B AT K 28 R AR Oy TN HL A B AR
. ULk, HiAbas (B4 ™5 R N TAE R 2 4
CLAMEIRGREH WA, NMUESROLHRBIRES
15 R R e T L SR HOR T
PRS . BEAk. WK 2 R, 6 BAKK
PHAHMZSOR R S5k 1, BTk — i 5 24
BE IR B HOT- A7 . BRI R BE (T F0PF 55 U
(T ) FHAE, RN 5 B2 050 1 22 1w 19 B 515
REBFES T, W 1-R—T=A {15354 R
RN RS = T RN R S T e
(.

P8 RUJE o K b e 3 5 A A s 8 A S SR 25 4
SEREOCEE R, AR T A R, ST
T PEAR Y R AR GRS AR . 2016 4F, Zhou L 4§
NFETFE A FIH &g R B0k [ 41 %
TR E 2R OLE 2b), %
5 ke o SR AR AR B OT R R . 2 E AL
N DL AR AR A AR E W W, 7E 0. 4~10 ym {8
Fil N S BT 2 PR AR B 8 S A I i T

L LWIR  ,  VIWIR |

1 T 1 1 1 T >
0.3 0.78 1 3 6 15 30 A(um)
Applications
Information Energy

Optical blackbody

Detector

Tanv
| s
nghN - ‘4'»\ A
obj

4 o \nght

Infrared camouflage Radiative cooling

Detector

Thermophotovoltaics

a Light W

SnY 'Y o Absorber
T Emitter

L

P15 O BEEL AL i 3 5 A 1o FH 4B LA JR A L 20N B B o R W Ve O O

Fig. 1 Application areas of cross-band infrared spectral tailoring (including optical blackbody, infrared

camouflage, radiative cooling, and thermophotovoltaics)
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Fig. 2 (a) Absorption/reflection spectra of objects under far-field conditions (1 is the absorptivity or emissivity

of the object); (b) Three-dimensional metallic photothermal metamaterials based on gold nanoparticles ™™ ;

[46] ,

(c¢) Gradient resonators based on multilayer films and conical structures"*®; (d) Metal microcavity bla-

ckbodies fabricated using femtosecond fabrication technology
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Fig. 3 (a) Curves of blackbody radiative exitance versus wavelength at different temperatures; (b) Spectrum

of ideal infrared stealth; (c¢) Metamaterial tape based on self-assembly of porous alumina template

and gold nanoparticles™*1;

column structure of nanoparticles™"
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(d) Skin-like photothermal metamaterial based on self-assembled hollow
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