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2.1 RFNSUEE

IERERR 6 (TEOS, 4lifE 98%)~ i b A (R
B0 8030 wt.%) @K (FTE 7 H25 wt.%). LB

1 Stéber iE#H £ Si02 MERK) SEM

(ZHJE 99.7%)  IRBRL R (Z6FF > 95%) AR (i &=
E040 wt.%) IR H B (Al 98%), LA R
oy Hrat.

¥ QUANTA FEG 250 37 & 5t 14t i 7
RAEE (SEM) MRS SN (£ E FEL A H]); K
F 6 41 Y8 B A Avaspec-2048 TEC Xt A] I g i Bt
B ¥ B AR EEAT RAE (Avantes 4 7] ); K H Varian
2000-IR FRAEFE it I LLAMAERE (HF E Varian 2 #]).
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B — & LU A V5 (TEOS/ Z.1%) A1 B ¥ W
(NH3/HoO) #E-F A2 ik T, DA— & Y3 B2 i
F) 250 mL 7 B BRI N, Ik 5E i, 4k 8 ) B
24 h DAL bl KA O RE R P2 IR, 13 BIOK
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W Ak BE B SR K Bk R BlRE o B R AR P
R BT, 1.5 pm B 5 B SiOL EER, 43
18 LT, 6] SiO2 MR KWK E N 1 mg/mL, 1E
60 °C. AHX IR E 50% T id i B yTARE 4 2% 12 h,
32| Si0o M6 T FR AR M. #F 4.3 pm #73 #1 Si0 il
BR, O BUE VR H - AR ST, IR
5 WAL A3 - 1, FH] Si0 ER K E A
1 mg/mL, 7£ 60 °C. X 50% T i it 3 BT
HUEHSE 12 h, 33 SiO2 J6F fh A

3 £RE53®
3.1 RIFHFKEIE R
3.1.1 ARG H A

38 i K B3 1K) Stober ¥EHEAT 99K 2% Si04 1
BRIV 2%, I AR A 2 R el (R 1), KA
B — R B BB SiO0 ER (B 1 (a) 1 (b)).

500588nm

(a) 424 200 nm; (b) #if24 312 nm

Fig. 1. SEM images of SiO2 spheres prepared with modified Stéber method: (a) D = 200 nm; (b) D = 312 nm.
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Table 1. The final diameters of different preparation formula.

e A(FEIR) B(&IER) Pk Ee Kitt D
1 TEOS/Z® 4 mL/92 mL K/ CEE//K 13.2 mL/32 mL/48 mL AEMA BH 200 nm

2 TEOS/Z [ 4.5 mL/46 mL

RK/Z.8E /K 10 mL/16 mL/24 mL

ARFEIMABF 312 nm

3  TEOS/ZE 13.5 mL/136.5 mL % /K/ZEE//K 30.24 mL/71.25 mL/48.25 mL A MGENMA BH 400 nm

PR B AR RO ) &

il £ B A3 BUMOK ) S102 TR 1 45 G fifid 2 R
BOR 7325, HAZOT R R R Z, A 5 B AF Az
i, A SR A o) I AR e R ) T ik (R 2),
e e 42 A1)V o PR A R A A5 B B3 B SiO,
Ek (K2 (a) E 2 (b)).

3.1.2

¥ A, BIAME W7 EL0.19 F10.27 mL/min
{10 38 2 N #1250 mL %5 B BE S A, Jiis 3 h,
ZJa ks Ni24 h, 58— 1.0 um SiO,
ER (B2 (a)). ¥ A, B FE B4 5 LLO.24 Al
0.51 mL/min F3#H 1N 2] 250 mL 25 5 R A,
Pl 3 h, Z JE 4k RN 24 h, 15 E¥)—H 1.5 pm
SiO, fER (2 (b)).

F2 P i AR T S AR RO

Table 2. The final diameters of different formula with controlled feeding rate.

Fe 5 A(FEIR) B(&UA ) ik S Hifz
1 TEOS/ 2% 81 wt.% NH3/7/K 12.8 wt.% —E P A, B 1.0 um
2 TEOS/Z.FF 81 wt.% NH3//K 12.8 wt.% —EHE A, B 1.5 um

)

3.00 pm

B2 DA LS 4 1 Si02 ek SEM Bl (a) #4224 1.0 pm; (b) K484 1.5 pm
Fig. 2. SEM images of SiO2 spheres prepared with controlled feeding rate: (a) D = 1.0 ym; (b) D = 1.5 pm.

R & R, & A, BRI E 2 2
TN, IRAEIH TEOS. ZEE NH; - K HIHIRA L %
3N 32.4 wt.%, 7.4 wt.%, 7.7 wt.%, 52.6 wt.%,
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PR AR & VAR S B AH . TR PR AR R AE B A R oE
ARSI AT IR KB B AR RSE, A2 7= 8
F0) i A JRORE, R A5 3 1 ORLAR 38 — B RCK 2 Si0,
oK.

X T B ROREAR TR A 1) 2, ) 75 S 42 1) o
WL S M ES AR, LLL5 um SiOs il

BRONRRTVE, DA—E R EIA A, BIEWR, AT
FERAER A JE A b 3E— DA R A Al B KA (R,

3.2 ZISMRMBFITARREBR AT RIENMT
B HERALIZ R TEE

Je T AR B AR B RGO, 4
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TR — BRI, BRI B B G A R AL 48,
HVHEL 7 e P A B R, FL B e vl Il A A%
AT TR SR A 2.
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a 2
- ° /%D
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Pk, (1) 2 —(3) 2oR%

A=2.18D (EHEAH). (4)

N T B SiO0 B A A B T A AR S5
BRbiAR D 5 & OB KN IR R, 434 200,
312, 400, 600 nm SiO» THERHEAT 7 H B H 435, M
M 86 7 % RLAE 6 B = 4k 1 i, il et
GG AT FLFEAT R I, 15 3] T & MO SR R
S (K3), &EFIELL B 5 5 N 450, 700, 900,
1350 nm. AT AT, bR ERiAR D 5 R i
MEMKXRN

A=225D (FEEAH). (5)

T 20 AR B T 35 pm, 812 pm,
i 2 2 L T 1K L8 B B0 T AR AR R AT DA 2K
AV £ AR % T PRI B A A, AT S BN — €

LA B PERe. R, X T Si0, 8 A A B T
PRy, MR (5) 30 AT SRAF T 75 SR i R A% i B A
1.332.22 pm, 3.56—5.33 pm.

400
350

300t 200 nm

400 nm
250 312 nm

200 600 nm

150 B /\
100 |

50

Reflectance/%

1 1 1 1 1 1
400 600 800 1000 1200 1400 1600
K /nm
Kl3  AFRLAE SiO2 IR db A X B S i il
Fig. 3. Reflectance spectra of SiO2 photonic crystal
with different diameters.

3.3 BRKEETRIRRSIZFILIIMERE
HIFRAE

HR % BT SRAF MR AR S B, AR SR T 1.5
F14.3 pm [ SiOo U BRAE A 06 1 & A 1) i) 4% 525
N T EE BRI A o R OG T R AE, A L
X 3 EYOREHT T Sk X 1.5 um SiOq fEk
(1) 42, 38 AR T 2 ROV 7] B 9 43 R, R
BL60 °C fayiit, 7 I 78 0k B -5 sk ot e Jok 8
BISPAT, AT A5 3 e 0T B PRSI 254 (B 4 (). WFT
4.3 pum SiOo TER 1 H 42, 165 %5 B 1 — I8
bt 5 CBETR G R, FRARRIR 5 4 BT 1) % R
72, N BB AT R P e 3k 2 o) % 16 7 i A i
(E 4 (b)).

4 SR ETRNER 1 Si0 AT IR BE I (a) KifEA 1.5 pm; (b) KiftA 4.3 pm
Fig. 4. SEM images of SiO2 photonic crystals prepared by modified vertical deposition method: (a) D=1.5 um; (b) D=4.3 um.
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MR AR E R U5, BL1L5 f14.3 um [ SiOo 1 Bk
il 2% 1 5 A A RDOE T AR 2R L K 2
N 3.27F19.37 pm. I LLAMNE OGS T LA H,
1.5 um SiOg J& 7 F RS B S BR s tht i Ky
3.2 um, SIS TFHE 1 3.27 pm FEAR A, 1M B
G R AREE T JETEIE 0.7 pm, REWS — T FEJE I
T A2 HH 2T AN B ) T AR R (B 5).

100

1.5 pm SiOxig

80

BHR/%

40

20

o

WK /pm
5 (MTIRE) 1.5 pm SiOs 1T &I E S 047
ik
Fig. 5. (color online) Normal incident infrared trans-

mission spectra of 1.5 pm SiO2 photonic crystal film.

4.3 pm SiOg Jt ¥ dib R 15 21 1) S FR AR 7
K49.0 pm, 5HIRTHER 9.37 um HAKE. 2
BT LU HB 4 N, 2 B T AR HEA A 5%,
RSB AR B AT R & T A
SR RIS 1.9 pm, RENS LE DRAEAR B L1 41 i B AR
IR RIS, 996 2 I 20 AN BS B I B AR SR (B 6).

EHER /%

WK /pm

6 (MITUREL) 4.3 pm SiOg 6T F A IE ELAST N A9 4L
Sk
Fig. 6. (color online) Normal incident infrared trans-

mission spectra of 4.3 pm SiO2 photonic crystal film.

4 %2 #®

ASCE I SEIRIRAIE | TE A E HER Si0, A A
RET i AR S5 TR S0 PABRRLAR 5 2541 D
FISC R, IRt 7 ZLAMERI 3 TAR BB E B A
ROGT R PTT HAR BRI RAR T L, IR R AL
e ELUTIE B AR % 1 A8 AL T LD BT
RUAR SR R ARG T AR LD R S AR 15 5
LAF4hie:

1) 8d — R A58 2 TR Si0, A RDE T
#irs A G5 H K OO AR 5 0 N A8 A B A %
&, PR T AAMEI S TAE W BUE A AR T
A VR BT T H AR IOR OB AR E B 1.33—2.22 pm,
3.56—5.33 pm;

2) M FH 47 11 03 B2 1) 5t Stober i il % 1
— BRI GL SO0 TAER, I 2 1) i i v 5 1
A, M % SRR N SiO2 T,

3) M HL 1.5 F14.3 um 1 SiOo TIRAE ) 7
PR 2 BT, SR ATIRTHE I SR LA IR &
VAR B SOk A ELTARE, 9% 16T AR 0
KA 3.2 M19.0 pm 6T SR ARPRE, AR B
FE53 3129 0.7 F1 1.9 pm, 3 2 2140 B 1 8 AR Ay 22
3R, ST 2.8—3.5 um, 8.0—10.0 pm AIHRM B
I £ AN S 1 R )
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Abstract

With the development of infrared detection technology, the survival of military target is now under serious threat.
Therefore, new infrared stealth technologies and materials are now in an urgent demand. The photonic crystal (PhC)
possesses regularly repeating structure which results in band-gap and diffraction satisfying Bragg’s law of diffraction.
The PhC presents unique optical properties and functionality. The PhC with band-gap located in visible band is used
widely as biosensor, chemical sensor, optical filter, reflector, modulator, metasurface and solar cell. The PhC with band-
gap located in infrared band can be used to control the propagations of the electromagnetic waves of infrared band, and
could be used as a promising material in the infrared stealth technology.

Photonic structure used to tune the infrared radiation usually has a one-dimensional layer-by-layer stack or three-
dimensional wood pile structure. However, the poor flexibility, low strength, small area coverage, complicated fabrication
process and high cost can prevent this new infrared stealth technology from being applied and developed. In this report,
a simple and cost-effective method of preparing the opal PhC materials is proposed, and this infrared stealth material
forbids electromagnetic waves of infrared band to propagate on account of band-gap.

In this paper, opal PhCs materials with high quality are assembled from SiO2 colloidal microspheres with micrometer
size by using optimized vertical deposition method. We calculate the relation between the diameter of SiO2 colloidal
microsphere and the frequency of opal PhCs band-gap in theory and verified in experiment, which operates in the working
band of infrared detector. The results show that the diameters of SiOz colloidal microspheres should be 1.33-2.22 ym
and 3.56-5.33 pm. A series of monodispersed micrometer SiOz colloidal microspheres is prepared by the modified
Stober method, and bigger microspheres are prepared by using the seeded polymerization method. Then, we choose the
diameters of 1.5 ym and 4.3 pm SiO2 microspheres to prepare the opal PhCs materials. The PhCs materials assembled
by 1.5 um SiO2 microspheres are prepared in alcohol under 60 °C or in acetone under 40 °C; while the PhCs material
assembled by 4.3 pm SiO microspheres is prepared in alcohol/dibromomethane = 3 : 1 under 60 °C. Finally, the opal
PhC materials with band-gap located in 2.8-3.5 um and 8.0-10.0 um are successfully prepared, and the widths of band-
gap are 0.7 pym and 1.9 pum, respectively. These opal PhCs materials could change the infrared radiation characteristics

of the target in infrared waveband, and meet the requirements of wide band-gap for infrared stealth materials.

Keywords: photonic bandgap, colloidal crystal array, optimized vertical deposition, infrared stealth
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