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Fabrication and optical properties of efficient multiband absorbers
based on one—dimensional periodic metal-dielectric multilayers

Li Hui, Ji Ting", Wang Yanshan, Wang Wenyan, Hao Yuying, Cui Yanxia

(Key Laboratory of Advanced Transducers and Intelligent Control System (Ministry of Education), College of Physics and

Optoelectronics, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Multiband absorbers comprised of one dimensional periodic Ag metallic thin layer and MoO,/
SiO, dielectric layer on a reflective Ag thick layer were fabricated by thermal evaporation and
magnetron sputtering methods. Experimental results show that with the number of unit cell (N)
increasing, the number of the absorption peaks increases accordingly and precisely equals N. For our
fabricated devices with 14 nm thick Ag layer, 2 nm thick MoO; layer, and 135 nm thick SiO, layer, the
integrated absorption efficiency over the wavelength range from 400 nm to 900 nm increases from 29.4%
when N=1 to 57.2% when N=6, the trend of which is consistent with the calculation results. Moreover,
measurements show that the absorption peaks are insensitive to the incident angles and polarizations. The
multilayer absorbers were also fabricated on flexible polyethylene terephthalate substrates, which maintained
their original absorption performances after bending for 1 000 times. The fabricated absorbers may have
potential applications in areas like photovoltaics and thermal emission tailoring.

Key words: absorption; multiband; multilayer; flexible substrate

%% B #.2018-09-10; &7 H #§.2018-10-20

BEE&£W A . BEARBFEEE (61475109,61775156,61605136) ; LLTH A H AR JE4:(201601D021051 ,201701D211002, 201603D421042,
201605D131038)

YEB B Z5ME991-), 58 WL AR | 3248 S 3R 1 45 B SoT I SOk 7 18T 9 58, Email: 1445645246 @qq.com

WIREE  FIF(1991-), 2, B, FENFMAER 7R S 884 7m0 5E . Email: jiting@tyut.edu.cn

02030041



9Nk TAE

%2 4 www.irla.cn % 48 &
AULEE Ag . TAN B H R R IR Ag T
0 35l & PO A G ) T3 RE i Ag i, STUbas A

AR, FELRG I W AR T B A s T
R 2 W58 3 1 OGN, AR R LR R RS
FATC L T A FAS[FIR L AN [F] 2544 18 W I8 A7
BE XA A SR i 98 LA K, HrT 4
Yy SR S B PR PR SR A5 R 1, SR, BT
TR PHAER AR . The SOl KRG T 2 e 2
U B Bl T I B BB PN 1A T R AL A SR U0 S
U B B T Al W LA — o T B T R B AN TR A TS IR £
B BUAE [R]— A BT rhUs=150 BRTTT 33X 22 35 B/ 5l T
WA 1 5 AH 2 52 2, O BT B SRR B,
HL T HOE ZI S K R B E 1, Al A5 3 Se W S R AN 36
T KR

AR, — kT T U R P T R B A S A K
a1 2 B VE e s TRFFEEAT B )G, 2014 4F
EFHRAEHIE BT T — R — 2 2k B A Wik, S
G RTEIR AR Ag TR E R B WS IR Ag
JZH MoO; A1 JF )20, 36 T Hofth A 4 i i) — 28 J2
R AR R ZHRIE , W, Ag S 4L £ )2 B2k
FRUT Cr SiO, 4 Y Z R M A 152 Ni | SiO, JE B
() 22 J2 BE I 3 AR 120 MoS, il Si0, F4 il i) F& 4 W ik
2Pl K 7S 75 BAL T (hBN)  KBr  Ge 4 i 4 W %
PREAE AR IRIE A T B RS, A LT
SIS )5 T AT, Hith Si0, 2 22 )2 B 45 # v vy B
AT AEE TR R, A IR L& L)z
S 2 3% A 1 IR G AR 2 3 T Cr Ni 1 Ti Z7F Si0, 2
O AR, BT Ag/Si0, - I £ 2 0% ik
IR SRR TE AR L, TR Ag 78 Si0, 1B AL
JEEPEAR 22 , AR MEARASH B (~10 nm) -8 Ag i,
D, 14) P T R AR A 1) ) — B 2 S R, P
MREMGIA 1~2 nm JE) Ge BEAE M 71H 2 LL3R
W TR 4R Ag R

TE K FH L, MoOy/Ag/MoO, £ J2 5 45 #4) B
FH KRR ITO 1 R 5 40 1 3% B H AR 527 o Ag
W R 250 10 nm, 60 Ag 7E MoO, 2 L H A
BRI ST I T AR A R
PR TG IR 5 kA Ag A2 Efil# T i Ag
H1 M0oO,/Si0, ZH B — 461 T 42 J& - i 2 2 4544
WA, o Si0, 2 93 MoO; J2 38 X4 12 1 J2 £

I MoOs R JZ4RAT T 1B 1 Ag 5, il
w1 2 2 WD AR AE 22 A AR B WSO R G 1
HEIST AR50 500, EE BTN R
MR . —BEFR(PET)FHE il & 1 22 )2 Wik, 25
1000 Ui 53R B AU B S PERE , IR I B AT T AT LA
MTER M RE B b, AR AN TR 484 sl Y {4
AR IR

1 KBMBEFZE

P 1 T3 S JIT ol WA ST AR 1 = 2 R 8K v 45 ) 7
SE R E MR Ag W2, 4 it MoO; #1 Si0, 2
DAKJEE M T Ag AR, Bt #H IR R Si Aok etk
PET H ., Ag JZHl MoO, Z g & i k3kis 2%k
AR 4.0.1 A/s(1 A=10""m), SiO, J2 i it 7%
P U S O R 3R AR DR ST R 0.35 Ass, UIEUTE Ag
JZ TS MoO, 220 T B 1k Ag 2484k, i e
Ag JZ T MoO; J2 78 412 1 J2 19 £ (5 LA F Ag
(SRS . T MoOy 2R 2N 2 nm, X FH
AR AR RE RS, M Ag IER Sio, BEAY S
FEAr50 14 nm #1135 nm, RS N Fos
TAEREE 4 T M N=1 B N=6 1) 6 IFES, JIEHB
Ag RHHZBESE R 425 nm, DIBH (Y6135 5 0
JEA A e AR R YR 7 2 MRS R 2 A R, Jf it — 4
3 3 74 T M (SEMD) 1 A 48 T A% % 4% 2
FE AT E— A

(a) (b) I
J 3
e
E N ‘ N B SO, layer
MoO, layer
— A
425 nm Sisubstrate
=2

P 1 MR ) = 2k 25 7 7 6] (a) FILRE AT 141 (b)
Fig.1 Three—dimensional structure diagram(a) and

cross—section diagram(b) of the absorbent

FE 5 S8 UG |, Jeol JSM=7100F 2 {58 %
B BT FE AT SEM RAE . AR Y S R (R)

0203004-2



BRECY & k4

5 2 M

www.irla.cn

% 48 %

B T F3 5k (AvaSphere—30—REFL )3 1 £ 43 ¥% 5 it
G5 R G (Maya 2000) 0 &, FF i B 0 (Abs) T
Bl T 5 7 FEE Abs=1-R T NN Fir A BE A B 5
LIESVODSEUS

TS A RS B TN AT b, R
TR AR I 7 2% 0 B T 5RO 25 4 1 T ok
W%, Ag,MoO; I Si0, Y4 5T 25 38 1<k M et 3000 2 3K
1o BRI h S50 1) LA S 805 R 0 SE PR S8
HHTE]

2 EERWITIE

2 fIi7n ok N=5 B B R SEM &Gl &
Al LUEREHE ) ~12 nm F1~135 nm J& 5 A9 )20 3
IS J 00 St Mk B AE ~425 nm JEAY)Z b, B & AR
i 51 RIS e A, S RS
5e i 20E Ag 2, KGN ZE R Si0, 2, W i sk
Ji7s . BT MoO, JZHEH #i(2 nm), HIiL , B 7E SEM
EUR AT UL & P A5 )R 202 Ag JUitE . SEM
1w 15 2 B R MoO, 2 1F 121 )2 i ) 78
Si0, 2 FAEK T HM-F R Ag ik,

Ag reflecting layer

x 5000010.0kV SEM W

€ 2 N=5 5 BRI SEM K115
Fig.2 Cross—sectional SEM image of N=5 samples

PRk, BB T FERM G2 RE . 1B 3 Aok
A A G IR R AR S O A R BE DY
FERUR N B SEBRAE A B . Hid Ag \MoO;,Si0, 528
JEHE RS9 14,2 135 nm, FRISTHHE (L0460 I
S I (BB 2R ) 1) S TS AR S 7 A — i rh 2 N=
1A, i F kA -l 2 ((F-P) i SL 4R, g3 — A4
WS | B NS, WRER B T Z2 4 Wi 9 HL
W A I ) 250 S T b 55 T B, IO T 2
HIRAITS 53] T 2B, S ik 1e]
FTiR . 4 N=1 B W il b () W OR0R A 74.5% , 0

El 3(a)Fin, 24 N BEINE] 2 F1 3 B, Fra e i
R = T 93% BidE N E—14m ) 4.5 1 6, 10
Bl 3(d)~(D) Fr 7, BT BHAT R B, 54 I Ak A W i
RORFEAR, 7R 3(H A T MR Tt 7oA F N
BESLTE 400~900 nm B 38 K 3 B P A9 R 43 W A & %
(Aint), H & 3 w5256 I OG5 il 4 i AR
Aint )\ N=1 B ) 29.4%¥E i ZE N=6 W) 57.2%, Fifi
SRR B, R SR g 0 DA SR 1 8 A Oy P
&, X5 Aint L EFEAEE YIS J3Hh, SR

100%
(a)
BO%
S g—
= 60% N=1
E
g
£ 400
-
20%
0 L L L L
400 500 600 700 800 900

Wavelength/nm

400 500 600 700 800 900

Wavelength/nm

100%
80O
2 60%
j=5
s
£ 40°
=
200
0 L L s s
400 500 600 700 800 900
Wavelength/nm
100%
RO
Z 60%
Z
Z 40
-
20%
1] L L L L
400 500 600 700 800 900

Wavelength/nm

0203004-3



B & ot

www.irla.cn

% 48 %

% 2 4

100%
R0%

Z 60%

=

s

é 40%
20%

OO 900

400 500 600 700

Wavelength/nm

20%

0 L L s s
400 500 600 700 800 900

Wavelength/nm

Pl 3 AN (5] JEL 30 AR o5 T B ST 00 S 56 0 e G ) B E 7H5
(2L ) B WG % BT, A L A 460 1 B D BR A #) SE Br ke
i B8R
Fig.3 Experimental measurements(black) and theoretical
calculations (red) of the vertical incident samples of
different cycles of the sample absorption spectrum,
illustrated in the upper right corner of the actual

sample photos under sunlight
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