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RECTANGULAR Y05 2rO, SINGA E CRYSTAL OPTICAL

WAVEGUIDES FOR INFRARED LASER DEL | VERY
AND FIBEROPTIC SENSING APPL ICATIONS™

LOU Jing Yi” OTONG Li-Min'? OXU Yun Fei"
(Y Depart ment of Physcs, Sate Key Laboratory of Slicon Materials, Zhdiang University , Hangzhou 310072, China;
2 Gordon McKay Lab , Divisonof Engneering and Applied Sience, Harvard University , Cambridge, MA02138,USA)

Absract O Hgh quality Y,0s-ZrO, sndecrydd recangular waveguides were fabri cated from bulky Y03 stabilized ZrO,
sngle crystal by preci® cut and fine polish wit h cross section larger t han Immx 1mm and length of 45mmd 65mm. They
stow much better opticd properties than Y»Os-ZrO, sngle crystd fibers grown by the conventional L HPGsystem, optical

losesof the waveguidesare lower than 0. 03dB/cm at wavelength of 900nm , the damage threshol ds are 0. 98M W/cm2 for
1.068 m Nd: YAGlaser pulses, and they are able to endure temperature as higher as 2300 0. Experimental results show
that these waveguides are promisngfor fiber-optic sensng goplications at temperature above 2000 .

Key words [ Y,0s- ZrO, single crystal , polish , rectangular waveguide, infrared laser ddivery, high-temperature fiber-op-
tic sensng.

03um® 0000000000000 0O0

J0 g.uob,ggouooboougbbogoobnb 20000

O00@-AL,0)00000000000O0
O0OD0DD0DD0D0DDO0OO0OO0O0O0O000000
ol opooooD(ee40) 00000000
(0D 18000190 0)0 00 ™ 0oDOoOoOOO
OO0 190000000000 ,0000000
0000000000000 000000000
020000.00,00000000000000

00000000000 59906011) 0000
000000 2001-12-29,0 000000 20020528

000000 ,000000000000mMO0
O0O0000O0DoOooOoooo.
goooooooo®?,00000 Y.0-
Zro,(Y.0: 000 20 00000000000
O0000. Y0210, 00000000000
Oo0s5em® 0000 26000 00,0000
00000000000 0O000DD0OO0D.0O0

*Theproject supported by the Nationd Naurd Science Foundation of
Chira(No.59906011)
Rece ved 2001- 12-29 ,revised 200205 28



398 goooooooogoogog

210 0O

00000000000 , 0000000000
0 Y.0:2r0,0000M 00 LHPG(O O OO
0000)000000000 .,00000000
oopoooooooooolt®2lopooon
0000000000000 O0D,0o00Oo
Y;0-zr0, 00 0000000000000 00
0000000000000 000D.0000
000000000000 00000 Y.052Zr0;
D000 0000000000000 0000
0 Y.0:-Zr0, 00000000 Y.0s-Zr0, 000
00 000000000000 000D000
0.03dB/cm,000000000COO0DOOO,00
OLHPGODO OO Y,0,270,0000.0000
D00000000000 20000000000
oooooooog.

10Y:0s-zrO U 000000

Y.0+zr0.0 0000000000000,
000 Y,05(21.2a% 000 zro, 0000 (O
000000)0000000000000 1.
5mmx1.5mmO000,000000000 45
Oesmm. 00 32000000000000000
000000(@0O00),0000000000
O000.00,00000000 1% mOp mM m
00.%mO000000O000O0000 000
000000.00,00000000000 ™
O000000000.000 30000000
0000 1,00000000 20000000
0100.000000000(500x)00000

good. goodoooo@i2.000

01020 Y;0-ZrCG, 0000000
Fg.10Photo of Y,0s3-2Zr O, rectangu ar waveguide No. 2

(20000 000 OOODO0O0O DOOODOOODO
ooo(@ao ).

20Y0s-zrC OO OOOOODOO

2.10000
0000000000000, 000000
000000000 0.00000000000
000000000 0000000000 .00
0000, 0000000000000 maO
000000).00000000Dooooag,
000000000000 D00 .00 00000
FM-1OODOCOoOooooo™ ooooooo
0000 0.004dB.0 0o0nmOI 00 ,00000
0010000 ,000000400.00000
0000000000 LHPGOOODOODOOD
000 Y.0-zZ0, 00000000,
0400000,00 Y0820, 00O

0202000000000 (s00x)0ODO0O
Fg. 2 OSurface of waveguide No. 2 under a metdlosoge (500 x)

030200000000000 (20000x)0000
Fig. 3 OSurface of waveguide No. 2 under SEM (20000 x)



050 gbobbobOo:ob0bob0obooboooobobO .0z, 00000 399

6 0 ogO O Y,0,Z0, fiber
< sapphire fiber

TE olk A Y,0,ZrQ, waveguide
<
3 o © ° o ° o8 4%
8 001F

0.001 L ) L L e L N

0.3 0.5 0.7 0.9 11 13

D/mm

0 407,020, 00 V,0-zr0, 0000 OO OO
0 %onmO 0O 0O 0OODO
Fg.4 OAverageloses of Y>Os-ZrO, wavegui des,
Y203-ZrO; fibers and spphirefibers at wavd ength
of 900nm

900nmO 0000000 0.03B/ecm, 00000
0000000000 Y.0-Zr0; 00000 (0
00.4dB/cm) .00 0000000000000
000(00 0.03dB/cm).00 , 000000 ,0
O00O00000,0000 0 60mmO Y20r
z0, 000000 00000 Y,0,2r0, 000

0000.00 ,0000000000,0000
000000000000, 000000000
0000000000000 ,.00000000
(OoDOoOooooooa).
220000000

0000000000 ,.000000000
00000, 0000000000000000
000D00000.0000000 QuantaRay
DCR-30 Nd:YAGO OO O O (Spectrar Physcs [
000)00 Y.0-zZrO, 000000000 00.
000000000 1.08m,00000 9ns,0
OO00ooDO0010H,00000000O0000,
000000000000 @0D0OO0O00oooo
000000000 000),00000050
0.000000D000000 0DO00O0O00ooo
00000000 @O0000o0o00o0ooo
000O000),00000 80 m.

000100000000 .,0000000

O 10Y.0-zZ0C,000000DO
Table 1 OGomeric ppranetas d Y. Os-2Zr O, waveguicks

oooo 1 2 3

00 (mm) 45 52 65

0000 (mmxmm)  1.0x1.1 1.1x1.2 1.2%x1.2

000 000000000 ,Y,07210,0000
000000000000 00,0000000
oooo™®.oooo000,100000000
00 0.98MW/em?, 00000000000 M
0mO00O0O000O000O0D0O0O0 (100 10°
w/en?) 1 00 ,Y,0-z0, 000000000
00000000 ODOoo.
2.3000000

0000000000, 000000000
00000000.0000000 ,200000
000000000000 00D00000DOoO
oQg.

00,00000000000000000
00 ,000000 1650000 5h,000000
00.,.00000000000.00.,00000
0000000000000 0O0D0D.000O0
000,000000000000,000000
00 1mm@ O eommO00000000000
00 ,000000000000000.0000
000000000D0000.00,000000
00,.000000000000000000
gool. 0000000 DDDO,00D000
19000,000000000000000DO00.
O000D0 20000,000000000000,
000000000000 23000,000000
D0000000000.000000), Y20r
zZr0; 0000000 23000000 ,000000

oo(@O0o00ooo)oooooo.
300

goboooobooboooobbooo ,boo
00 Y20 00000 zZzrG 000 O Y2052r0;
ugobob . 0ogbib0d immx1mm,0 00 450
65mm. 0 soconm IO 0O ,00000000000

0.03B/cm 0 0000COOOCDDOO,OD0OO
L Z R Yy

Nd:YAG #)t3% ﬁﬁ?

& Y,0,~ZO0, B R

O50Y0-zrC,000000DO00DOOOOOOO
Fg.50L aser damaget hrestold measurement system for
Y205 ZrO, wavegui des



400 googdag

googgooogog 210 0

0000 o0.98 MW/ .0 DO OO0 000000
gd23potgono,ooobooooooogan
.o wooooog,
Y.O-zr0, D00 000 00000000000
ooooooooooog.

U0 000 Harvad O O Grdon McKay 00 0O O
SenMengyanO D O OO0 O0O0OOOODODOOO
goo.

REFERENCES

[1] SangheraJashinder S, Aggarwal Ishwar D. Infrared Fber
Optics. New York: CRC Press 1998

[2] Dils R R. High temperature optical fiber thermometer.
Journal d Appied Physics, 1983 ,54:1198

[3]Waynant RW, Oshry S, Fink M. Infared measurementsof
spphire fibers for medicd applications Applied Optics,
1993 ,32 :390 —392

[4] Tong Limin, Shen Yonghang, Chen Fangming, & al.
Plagtic bendng of sgpphire fibers for irfrared sensng and
power-delivery applications. Applied Optics, 2000, 39:
494 —501

[5] Merberg G N, Harrington J A. Opticd and mechanical
propertiesof snglecrysd sgpphire opticd fibers. Applied
Optics. 1993 ,32:3201 —3209

[6] TONGLFMin. Sudy on growth and properties of Y,Os-
ZrO, $ngle-crysd fibersfor fiber optic senrs. MS Thes's,
Zhejiang University , Hangztou, China(0 00 .0 00 O

00000000 0ooo.0oooooooon),
1994

[7] TONGLFMin. High-temperature snglecrystd fibers and
fiber optic sensorsfor high-temperat ure. PhD Thess, Zhe
jiang Universty , Hangztou, China(D 0 0.0 000 O
goooobobooobob.obobooobooo
0) 1997

[8] Klocek Paul. Handbodk of Infrared Optical Materials.
New York: Marcel Dekker Inc. , 1991

[9] Heuer A H, HobbsL W. Advances in Ceramics. Vol.3.
Columbus , Ohio : The American Ceramic Society ,1981

[10] Tong Limin, Shen Yonghang, YeLinhua, etal. A zrco-
nia sngle-crysal fibreoptic sensor for contad measurement
of temperat ures above 2000 []. Measurement Sdence and
Techndogy , 1999 ,10 :607 —611

[11]Tong Limin, Wang Yangin, Ding Zuchang. Gowth and
characterigtics of Y-ZrO, SCF for high-temperature optic
senors. SPIE,1994,2292:429—438

[12] Tong Limin. Gowth of high-quality Y.0s-ZrO, single
crystal optical fibers for ultra high-temperature fiber-optic
*enors. Journal o Crystal Growth, 2000 ,217:281—286

[13]Dong Mianyu, Tong Limin, Ding Zuchang. Loss mea
surement for SCF materials. SPIE,1994 ,2290:378 —386

[14]LOUJing-Yi, TONGLIi-Min, HONGDe Fe , & al . Op-
ticd properties of plagic bent spphire fibers. Journal o
Opteelectronics- leser (OO0 000 ,000 ,0.000
oooopoooodooooooo.ocoo-o0),
2001,12:120—122

[15] Nienz Markolf H. L aser- Tissue | nteractions: Fundamen-
tals and A pplicatiors. Berlin:Springer-Veldag,1996



