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Abstract The challenges for infrared window materials are investigated in consideration of future hypersonic
application. Some durable middle- wave infrared materials are compared in terms of high— temperature
transmission range, infrared emittance, high—temperature mechanical properties, and thermal shock resistance.
Yttria ceramics is considered as the best candidate for hypersonic application, and is possible to satisfy
extending request such as multi—-color or multi-mode integration, beyond visual range and wide viewing angle,
and radar latent or anti electromagnetic disturbance.
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Table 1 Phonon energy of infrared materials
ALON Sapphire Spinel Yttria La-doped yttria MgF,
Phonon energy /cm™ 969 914 869 620 612 399

2.2 ASNEOBEFOIMEHIGE

e AT P Sl N A A 20 A A IR s B T R IR A . i T A R I A B B s AR
/NG AR A B B LLAN R S8 0 ST AN R AR LLAME S B T R I SRR R . DR BE A S
IR T R, e PR Z0 MG AR BE 1) A S i o AR mlE MUBRCR B, B T B A L AN AR S I B A Bk
F1% 28 25 S 2R BT L s

_ (=R —exp(=pO)] _ o
&= = Re xp(—5b) =~ Bbif Bb=<0.1),

AR HRE SR, B AWML, b AR R L o X T R ad o0 HOAPRE, 2 WSO BRI 48 S 2 e
PEARFET B oo NI, ZEAMET 0 AE AR i S 28 280 ok W e 28 Sk > 0 B8 A o o o 25 S8 2 A T 10 ARG 2
il 375 3o R gl AT L A) AP HE Wb e R S AR R TR 3 h OB R BT B Y UL v B ZE AR RHAE 500 K

091601- 2



51, 091601(2014) HMYSEMNYEBEIZFHE www.opticsjournal.net

I B 2L A0 N AR o P 4R S IR A Y 4% R RE B R AN AR R e T AR O BR T AR Bl A AR [
K LASN 3 32 3 Gk BRBE A% 00 1 A SN I R B SE I , DR AN [ T2 3R A5 B 20 AR A 0 AR S
FAAERBCR Y 22 577 BB 45 T 2 mm J& Y. 0, ) B 75 1000 T 21 5045 5 22 K04 B T 5308 A1 552 P i 15 45
P, T IS 2 MR B Y., i 88 21 A1 5 S 28 Bnd S B I A 25 SR O T BRI (R, ORI 22 MgF oL
S5 g DY T3 ff AR, AORL 22 TADAE TR XU S A T] B, FC R A AR S AR R R e 22 TR AL A T L Y.0,
B g A 1 3R TLA R DL A R 2T S B ek v LA e AR ) R R 2T A S AR R R e T R PR A e A R LT A
foe e b1

0.5 7 0.7
500 K, 2 mm thick /i - e
0.4} I o e
—._AION 7. daL TR
803l -« sapphire i7 7 g A
§ -+ spinel jJ if 5_;0.4_ A
‘£ 0.2 —x—Y,0, j 7 £ g
= A M 0.3f —o—spinel ceramics  *-.
0.1 “’dop»”; A N sapphire crystal
. #Dn’i;i. ' 0.2 --a--MgF, polycrystalline .
»—“”f e e
0 | uarrrnﬂ’“gﬁ‘::‘ﬂ L T il 0.1 L L L L L L L
0 1 2 3 4 5 6 150 200 250 300 350 400 450
Wavelength /um Temperature /'C
513 500 KB /i 21 A4 R Y 30 4 5 FR A K4 ZLAMR S RECSIRE R
Fig.3 Calculated emittance of infrared materials at 500 K Fig.4 Temperature dependence of observed emittance
0.30+ .
emittance at 1000 C s
0.25F for 2 mm thick yttria 7
$0.20
g
£0.15} —=—measured
LYEJ & calculated
0.10 =
0.5} =
re
Y A, M
0735 3.0 35 40 45 50 55 60 65
Wavelength /um

5 100 T V.0, P e 21 F1 i 5 22 2000 ik (F 0 298 f LE e
Fig.5 Comparison of measured and calculated emittances of yttria at 1000 C

2.3 S ER A

RN TUREREE D e P B R, 25 5 2 30 b ol 12 7 B R OR , i LA A 308 5% e 5 S 21 S0 7 11 b1 R
I, e 75025 0 B TR AT SGE b RS IR T 7 A B e T B9 R SZRE T o 0F T RE DR B 2% 1R T DL
Hasselman j Jiz A+

R'=0c"(1-v)K/(aE)

kR, N o AHTE IR, v IR, K N FRERE, o WK REE JyivEsiG . (H2 R2 AN E X
AL S, O BB 5 A 11 /BR L AY SME R 7 1 iR bl B2 me o 5% 1 AR 424 ) Klein™™ 42 H Tt 4 o o it
JE (TST)RY ML, B b i TR A6 5 77 A= B 5 T BE R 09 SR VRIS IR o 2805 I8 B3l R 0k B B RY ZOR
HETTRE Sk 58~ AR RS BEAE R 5 I 12— o (HSR X T9 F L0 AR RE L 3R P A ] f) 25 A B A5 1 A 1B
A0 A i o M BB A A ML < BT PR o ol 1 B L5 1) 55 20 391 O B 51 ALON, Y.0,, 2R 47 7 Mg
24 BERNFUEERYE

LLANE H U Sk BB B AT B PR, R I I A S S5 A 1 AR B — € WL ) o X EOR L1 A
REE 3 A R R BE N DR 45— E RO LB B2 o 18T 6 2 5 UL 1% rh 5 20 A B R A i R DT 25 08 B2 (f 4 T
A1 BB R B N E ] DU T A AR 200 CTRAT R B 2 P TR 5 B 5 (H R BE A R
TR 0 T A Rl M BB U SR SO T B, 1) 800 O BT 5 A 20 MPa, T #ip i 7= A 19 1 g
[Fi) B, 357 5 102 3 1 HS B2 g, T LAAD 20 4 T 7E 500 C LA i BREE v, 8 5240wk DUAE R £080 0 ORPRHMEE T . 141 6

091601- 3



51, 091601(2014) HMYSEMNYEBEIZFHE www.opticsjournal.net

W SR 5 A DAL R 34 S B s R, B AT Y o R I A IR T v A AR B B R R PR S A AR
MR LT AN DA R, o MgF. 7E TR BE T 5 SR BE A BT R R {H 2 500 T JE 9 B R TR & A #
190 MPa, iX 7] 8 55 MgF. @& il T PR A & . R A Y.0,LL X458 La iy .0, X 3R A kb, IR T
YO0, (P05 38 3 A A4S i A7, (B 7E 500 CLA L, Y.0, 0058 5 5203 A A2, e 2= 40 £ 5 i 51 A /b &
19 La.O, VE 2y B 71 AT DLtk 25 3038 .0, B % i Bt 4 o B, AR50 TR A i bt s & . 141 6 7R 48 La i Y.0,
B 5 1 B 25 i 2 A 500 “C LA B & W EE T g R B L (H R 68 £ 1 120 MPa L | ;75 500 CLL b H 125 58 i
DT 2 TR I A R B2, AT LAl R e e LT A AT T X i T R R Y K

A R R B LT AN R T I A B R Bk R K, R UL R T AN R R M RE R AT EL B AT LB L R0,
PEJ e bR T HAT AN -] WL — 21 A0 55 0 B i B R DL AN, 38 B BRI A T R O R B, B La i Y.0. B % TR
T EERE MR i PERE R R TR A, R AR B R LR A PR Re B A s RS IR R
W LT A DA BE A L

—=—sapphire (¢) compresive!l*’
----- sapphire (¢)!'!
- T spinel ceramics!'®
%1000- - LiF, doped yttria!®
= o\ —¢-La,0, doped yttria®
= =\~ MgF, polycrystallinel”
3 e
% . -
@ 100p “~
g
<51
[

0 500 1000 1500
Temperature /°C
51 6 ULLT AR BB A i B R YOG R

Fig.6 Temperature dependence of flexure strength of infrared materials

3 ZLHME 1 R K R

BACH) BN SN R IRBE R 27 5 2% AR A 2, ZOROEH R GRS IE 1 T AR R BE 9 A2 4k, IR G 4% b 2 o
LLAMEHRL B AR R ATT o ZLAME B KO L XT3 A 25 BB SR T2 A, AR N 3 Xk 21 A0 o A T RE L B
TR R RO R LA R SRR A A A, B R R SR B LR 34T T
3.1 2B .2KEAR

LLAME 5 10 R AL i h 2 53 32 B30 55 A (R 35 ) RS2 I, i B 208 T I HOR 2 AR 55, i1 S ali gy 21
AT R DA B i S 25 O AR 52 B R R e, B IRk IR R AR . P, BUOE AR B R T RS —
AR N e B R T 2 B £ A 2B Y AR O U 0 T FB-10 5 51 3k SR AMAL AP XU il 0 P
RAM S 3 ik il S /2L AN AR T, Z0 50 BB AROE i 5 L e 22 D RE AR I B 45 o I il BOR L0 AN 1 [R] Ik B AT
VB B RIPERE . X — a8 b, Yo Ou B B HAT SR b - n] DL - 2140 i i 1 58 B B TARE L, A Z AR e T
I8 BEAY HR RO 12 9 L IE T BE T T Y, T — TR I8 R AL SRR R A I S (10) . i i
Y0, P B B A At # 40, AR A 3R B0 R AR 1 07 o P RE B9 .0, B B £ Ah BT 11 = — AN AR WE S A TR
3.2 BB .ENA

PR AT R A B A AL 2l R B ARSI R AR B R e DA T XU B RO LR B R AL
AE 7 2 B LI A% AR IR R DL R A JEE U R ™ X TR S A LA R T L X T LA T 1
10 R 2 AR B TE e 2 B DA R RGO AR . R B R WALANE DR RE R 5 0 R R Ok B
LED M W4Tk 9 4 e AR R T 2545 3 R BRSUER T o 251K 300 mm F A2 A9 52 7 1 Al AR B2 A 150K B 223720
B ERRS TR A AR AR TS AR A AR O™ . Mgt >R FH AR T B 205 1) 7 0 W 3, 28 5 il /- R
XF T EREL S, H T A A WAL 45 LA — A ARME R AE A A AL T 5] 0 A AT L AION K Y,0R I i
i He4h 9 77 20, o A3 A7 L ALON H i 3 2R AR5 I B 45, [ A RO SH i # BR Bk, A 7™ T AR U A
AR B B3 1M Y05 1 LASR L2 e 45 (19 07 ik 1 4, B B A D A P2 ARG, 5 5 ol 4 RO 72

091601- 4



51, 091601(2014) HMYSEMNYEBEIZFHE www.opticsjournal.net

3.3 BB ESMMBETIK

AR R A v A 8 A B A B ) 2 A A 0 a0 AR R OUTT B B AR Y, — T T, 0 T A RS R R S P
B A ety AR 0 B B MR8 5 0 — O T, B SF O A LR TR B R IR RO 5 B R G Nk B A C
M H . X TFLLAMNG D, R DR i £0 M 5 S0 B, Ba B RCR B e g T M R R X s B
KRS I B R R R S T AR R RGP AL A o b TR LA D T AR BR S T RE AT R T A M RE
AR T 1A 3 10 R 1 R I 5 A e e T L 6 455 SR P T 2 ok B R mR R e 2 = AR A5 A .
R 2 B 16 2 R B ALARATE 5T BT R F R O BER | DLBOR 20 bl S A K O SRR H LA R E TR I 4
AL SR AN W R I Y S £ . ot - N S R e G o R S e D 7 N 1 2 R s s
B J57 T 1) AL, 2 JR HE EAT i AR R € 60 4 J MR ) T2, G RL 7 BT s B %R AR AT R Al B T .0, P B 4T
ARG

7 SRIBOLIE T 45 Jm B i o O
Fig.7 Micrograph of metal grid induced by ultrafast laser

4 %5 ®

BUAT£L A TR RIS 5247 A0t 1 Mg, 26 ) 76 1 TR 25 T FLAT 3R B 10 20 M S, 8 228 o DA 0 2 v
P RAT S PR LTSN G T IR L 1T Y. 0, B B T B AT 5 S — T U~ 21 519 B 5 3 00 4 Pk LA 3 BAT
108 1y 5 L0 R, 9 EL L A 0 2 e P B B0 o o e R oM R 5 v i 41 1
/8 B8 0 B R e MR o Y20, W 728 3 e 9 A s 4% 1 2 4 L 2 5 o 46 A A 72 i i J2 A LBE 5 00 £
[ % JRE a3t s O T LA PR 3 WO S L S0 B35 2k B 2 B L T T 4

£ X #k

1 Han Chao. Development trends and analysis of the infrared countermeasure technology[J]. Ship Electronic
Engineering, 2009, 29(6): 43-46.
. ZLANR PR K R Bl 1 5 0 A (9], LA L 5 TR, 2009, 29(6): 43-46.

2 Zhang Wenpan, Wu Junhui, Hu Xin, et al.. A test method to real laser seekers based on electro—optic countermeasure
[J]. Infrared and Laser Engineering, 2013, 42(3): 637-642.
BeSCHE, SRR, WK, % T HOR T30Sk BB 9 X B RCR 52 5 7 M ). 404 5 MO TR, 2013, 42(3): 637-
642.

3 Woolf A F. Conventional prompt global strike and long-range ballistic missiles: Background and issues, specialist in
nuclear weapons policy[J]. CRS Report for Congress, 2014, R41464.

4 Yang Peizhi, Liu Liming, Zhang Xiaowen, et al.. Research progress of long— wavelength infrared optical materials[J].
Journal of Inorganic Materials, 2008, 23(4): 641-646.
sk, XNELH, dk/NSC, SF L RKELLAN G E AR RS I (J]. TCHLA B2 41, 2008, 23(4): 641-646.

5 Thomas M E, Joseph R I, Tropf W J. Infrared transmission properties of sapphire, spinel, yttria, and AION as a function
of temperature and frequency[J]. Applied Optics, 1988, 27(2): 239-245.

6 Harris D C. Materials for Infrared Windows and Domes: Properties and Performance[EB/OL]. SPIE Optical Engineering
Press, 1999. http://ebooks.spiedigitallibrary.org/book.aspx?bookid=189.

7 Zhang Bing, Zhu Jikang. DV- Xa studies on the energy levels and vibrational structure of MgF.:V*" crystal[J]. Acta
Optica Sinica, 1993, 13(2): 139-144.

091601-5



51, 091601(2014) HMYSEMNYEBEIZFHE www.opticsjournal.net

ik VK, BLAKRRE. MgF.:V*" S IR BE SRR 8 25 44 1Y) DV-X. I 52 (], JE 2244, 1993, 13(2): 139-144.
8 Freeland C M. High temperature transmission measurements of IR window materials[C]. SPIE, 1988. 0929: 79-86.

9 Feng Liping, Liu Zhengtang, Li Qiang. Improvement of the infrared transmission of sapphire by SiO., films[J]. Journal of

Inorganic Materials, 2007, 22(3): 529-533.
T, X IR, 4% 5. S0, WM 15 55 A7 2150 iE i L RE A G (9], TEHLBERLE T, 2007, 22(3): 529-533.

10 Lingling Jin, Xiaojian Mao, Shiwei Wang, et al.. Optimization of the rheological properties of yttria suspensions[J].
Ceramics International, 2009, 35(2): 925-927.

11 Harris D C. Durable 3-5 pm transmitting infrared window materials[J]. Infrared Physics & Technology, 1998, 39(4):
185-201.

12 Gardon R. The emissivity of transparent materials[J]. J Am Ceram Soc, 1956, 39(8): 278-285.

13 Zhou Guanguan, Yu Haiou, Zheng Lihe, et al.. Optical, mechanical and thermal properties of mid-IR materials under
high temperature[J]. Infrared and Laser Engineering, 2012, 41(3): 554-558.
JROEOE, TR RS, KRG, 55 rh ZL A2 R i e PR RE A 5% (). £040 5 0 TR, 2012, 41(3): 554-558.

14 Jiang Benxue, Zhao Zhiwei, Pan Shoukui, et al.. Interaction between femtosecond laser and matters of crystal and glass
[J]. Chinese Journal of Quantum Electronics, 2005, 22(2): 135-141.
FEAAE GGG, WP AR, S RRPEOL S S ORI A ELPE FT[I]. BT T AR R, 2005, 22(2): 135-141.

15 Li Fahui, Lin Hong, Li Junfeng, et al.. Influence of LiF on the infrared transmissivity of magnesia alumina spinel
transparent ceramics[J]. Journal of Inorganic Materials, 2012, 27(4): 417-421.
R MR AL, AR, S LAF A BE RO A A i% I B I 20 AN B G R A R (], TEALA R R, 2012, 27(4): 417-421.

16 Hasselman D. Thermal stress resistance parameters for brittle refractory ceramics: A compendium[J]. Ceramic
Bulletin, 1970, 49(12): 1033-1037.

17 Klein C A. Infrared missile domes: Is there a figure of merit for thermal shock[C]. SPIE, 1992, 1760: 338-356.

18 Boniecki M, Librant Z, Wajler A, et al.. Fracture toughness, strength and creep of transparent ceramics at high
temperature[J]. Ceramics International, 2012, 38(6): 4517-4524.

19 Harris D C. High—temperature strength of sapphire[C]. SPIE, 2000, 4102: 25-36.

20 Zhang Long, Lin Fengying, Qi Changhong, et al.. High erbium doped glasses for waveguide amplifiers at 1.5 pm [J].
Acta Optica Sinica, 2000, 20(12): 1688-1693.
sk, ARRGE, AR, A5 T 1.5 wm G OR AR 14 i HEE Br s A BUE [J]. OLAE 25 4R, 2000, 20(12): 1688-1693.

21 Tang Shanjun. Fusion of visible imaging and infrared imaging for multi—-mode composite guidance[J]. Infrared, 2012, 32
(2): 22-27.
7. 2B 5 S HTAT DO AR 5 20 AR Bl A BOR WS [I). 4141, 2012, 32(2): 22-2T.

22 Yang Zukuai, Liu Dingchen, Li Hongjun. Study of the application technology of muti— model composite homing[J].
Missiles and Space Vehicles, 2003, (3): 13-18.
LR, XU B, 22405, 204 ) 3 B HOR AT 9 (). S 30 5 00 Kz 4R, 2003, (3): 13-18.

23 Shen Yuanxiang, Huang Xiaoxia, Wang Yonghui. The foreign multimode compound guidance technology[J]. Journal of
Sichuan Armaments Factories, 2013, 34(10): 29-31.
Ve, EIEEE, ToKE. HAAZHE &6 FHORJ]. R & e 550K, 2013, 34(10): 29-31.

24 Wang Weijian, Huang Xiongzhe, Huang Jianxin, et al.. Study on ultra—violet/infrared sub-imaging dual-wave-band
seeker[J]. Aerospace Shanghai, 2003, (1): 1-5.
TR, WM, TR, 5. SAMLLIME SR A T 5] R FH R BEIE [J]. LR, 2003, (1): 1-5.

25 Chen J, Gao Z P, Wang J M, et al.. Dielectric properties of yttria ceramics at high temperature[J]. Journal of Electronic
Science and Technology of China, 2007, 5(4): 320-324.

26 Gao Yong, Li Benwei. Investigation on beyond visual range air combat effectiveness assessment model[J]. Journal of
Naval Aeronautical and Astronautical University, 2012, 27(1): 66—-70.
Tk, ZEA . LIS A8 G ARE VA AR R [T, T A A TR A e 2R 3k, 2012, 27(1): 66-70.

27 Wang Peng, Chen Wanchun, Yin Xingliang. Large angle attitude thrust vector control for an air- to- air missile[J].
Journal of Astronautics, 2004, 25(3): 295-299.
£OW, BROT AR, B R A A RO B AN A D R A AT 5T (). LA AR, 2004, 25(3): 295-299.

091601- 6



51, 091601(2014) HMYSEMNYEBEIZFHE www.opticsjournal.net

28 Jiang Xiongwei, Qiu Jianrong, Zhu Congshan, et al.. Femtosecond laser induced optical memory in silicate glass[J].
Chinese J Lasers B, 2001, 10(6): 422-426.

29 Guo Huichao, Sun Huayan, Fan Youchen. Development status of range— gated laser active imaging technology under
atmospheric condition[J]. Laser & Optoelectronics Progress, 2013, 50(10): 100004.
SRECH, PV, AT R RS E T B 3k e Ot T S R R R BUR [J). Ot SO R oA EE R, 2013, 50(10): 100004.

30 Chen C, Chen H J, Yan W B, et al.. Effect of crucible shape on heat transport and melt— crystal interface during the
Kyropoulos sapphire crystal growth[J]. Journal of Crystal Growth, 2014, 388: 29-34.

31 Nofar M, Madaah H R, Shivaee H A. The dependency of optical properties on density for hot pressed MgF,[J]. Infrared
Physics & Technology, 2008, 51(6): 546—549.

32 Warner C T, Hartnett T M, Fisher D, et al.. Characterization of ALON optical ceramic[C]. SPIE, 2005, 5786: 95-111.

33 Dericioglu A F, Kagawa Y. Effect of grain boundary microcracking on the light transmittance of sintered transparent
MgALO,[J]. Journal of the European Ceramic Society, 2003, 23(6): 951-959.

34 Li Fudong, Wang Zhe, Zhou Feng, et al.. Key technique of photoelectric reconnaissance system for stratospheric airship
[J]. Laser & Optoelectronics Progress, 2014, 51(2): 020003.
PR, LW, R 0, SRR O 5O T R G OCHEBUR [J]. HOL SO R R, 2014, 51(2): 020003.

35 Che Hong, Fan Youyu, Yang Yi, et al.. New mid- infrared oxyfluoride glass and technique utilizing radar latent
functionality[J]. Acta Optica Sinica, 2010, 30(10): 2988-2993.
TR ERAR, R, TR AN AU IR R R R S H R [J]. o623k, 2010, 30(10): 2988-2993.

091601-7



