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Abstract: As the key component of optical isolators, magneto-optic(MO) materials play an important role
especially in high power laser system to ensure one-way light propagation, protect the laser sources and stabilize
the laser output. The recent research progress of the MO materials used in near-infrared high power optical
isolators was introduced. The key thermal-optic characteristics of MO materials under high power laser conditions
and their effects on device performance were illustrated in detail. The studies and high power performance of
several newly developed MO material candidates like TSAG crystal, TAG ceramic, and TGG ceramic were
reviewed and compared with the commonly used TGG single crystal and Tb-doped glasses on aspects of Verdet
constant, thermal conductivity, magneto-optic figure of merit and so on. Among them, TAG ceramics were
discussed emphatically including the effects of ions doping and synthesis technology on its magneto-optic and

thermal-optic properties. At last, the newest progress on the study of TAG ceramics was introduced, as well as the
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application prospect and research trend of MO materials used in the 3-5 ym mid-infrared region.
Key words: laser isolators; magneto-optic materials; TAG magneto-optic ceramics; high power

thermal depolarization effect;

optic materials
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Fig.1 Working schemes of free space polarization dependent and in-line

polarization independent optical isolators, in which P1, P2 are
birefringent crystals, FR is the Faraday rotator, and HW is a half

wave plate
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Fig.2 Diagrammatic sketch of test device of high power magneto--optic

thermal effects. (a) Thermal depolarization test; (b) Thermal
lensing test, in which 1-Yb fiber laser, 2-focusing lense, 3-calcite
wedge, 4-magneto-optic material, 5-NdFeB permanent magnet,
6-quartz wedge, 7-light absorber, 8-Glan prism, 9-focusing lens,

10-CCD camera®!
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Tab.1 Comparison of Verdet constant(V), thermal conductivity(x), absorption coefficient(a), and magneto-optic

figure of merit(M) of several high power MO candidates at room temperature

. Virad-T'm™ I a/cm™ Mjrad-W-(T-m)"

MO materials @632 nm /Wm K @1070 nm @1070 nm

M24-Tb glass 88.2%) 0.6852 2x107332 1x10%53
TGG crystal[001] 138.2834 4,209 1x107263 11x10%3)

TSAG crystal 165.88% 3.6% - -

Tb,05 ceramic 447.5" - 2.9x10730¢ -

TGG ceramic 139.65" 4,988 1.4x107°88 4.4x10%3%

TAG ceramic 1738 51 1.5%x107%21 8.4x1083940)
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Fig.3 TGG ceramic with a size over 10 cmx10 cm prepared by

Konoshima Chemical, Japan!*!
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Tab.2 Effects of several ions doping on the Verdet constant(V), absorption coefficient(e), and magneto-optic

quality factor (M) of TAG ceramics
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Ti:TAG 0.3 at% 1920461 - 0.97x10% !
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SHAFE TR BOR A T8 M AL A 225545
TR, T B B 2t B R A T B i e, BT
ARG AR C 2 A 1 U Y BRI

1+ YAG Fl TAG A LALME R H G, 1 YAG
Wi s 1) e 8 M 1 22 i IR T TAG, 2012 48, PR 45
W T 7E T L 20 at% Y HAC, 145 T Y-TAG K
%, Hoes mm Kig 4R T, (A2, i F Y R SRl
+ BT, HKEB AT TAG 4 Verdet 7 KU F % =
108.8 rad/T/m, H:ZE LT TGG, 2015 4, fbfi] X im i3
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LB 24 RN N ) LA B 7 B 8 v i £ 78 Rk
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X — A, BRASSEAE TAG B &l & it — £ & T
ZrO, 1R beal B, A SHH R DAL e 235 wiy 40 ke 3] 410 1
m Rt PR B, AR i P B0 AR 1, T s
S5 5 A, HE 2 b e R, [R] B 5 R AR AR DR TR

FLEREE T B KK, KKBRAR T & 8Os, 15800
Zr: TAG P % 1064 nm 3% i %8 3k 51| ~82%, U [&l 9 fr
FRUS SN AR, AR B AR AT D G 2T A TE R YR e 1) Ze*
TEREZ R AT B WL R 2™, BB
TAG 7£ 400~700 nm 5| A T SeW ey o A 51530
FEm B I B, 7R & 10 BT Y 1 D1 2R AR i 52 56 245
R, BRI Zr0, M5 AKG 230 TAG P ™ H i #aR
s BN, 38 3 T R B, R R T A R ~ 1
10 rad-W/(T-m), ik T4l TAG M % .

80% r

60%

40% r

Transmittance

— S1 (0 wt% Zr: TAG)
— S2 (0.05 wt% Zr: TAG)
20% t — S3 (0.12 wt% Zr: TAG)
—— S3 aftering annealing

200 600 1 000

Wavelength/nm

1400 1 800

100 pm

(d)

&9 (a),(b) Zr:TAG F 1400 °C B KBTS IR A K (c) W R A8k (d) ZrTAG HDECHVE S SEM B A, ZrO, 1951 AK FI TN G i

ISETYIATE = N

Fig.9 (a),(b) Pictures of Zr:TAG ceramics before and after 1400 °C annealing; (c) Change of transmittance curves ; (d) SEM micromorphology of

polished S1-S3 after thermal etching, an exaggerated grain growth was observed due to the introduction of ZrO,

1072
-=- Zr: TAG_0%
g -+- 7Zr: TAG_0.05% /“
& -m- Zr: TAG_0.10% At
S 103 | -4 Zr: TAG_0.12% z‘,. et
=
1S —— TAG_OLD
2 b ) "ﬁ-
- f-=-==Z SR :‘ fi_
< .
6 10 4 L
=
a
10*5 I
10! 10? 10°
Laser power/W
10 ZrTAG MR R5Eh 3 R IRIHASE AL, Zr 151 AK AR T
1R LR AR i 2

Fig.10 High power thermal depolarization test result of Zr:TAG
ceramics, the depolarization degree was greatly enhanced by the

introduction of Zr

[18]

2017 4F, [FIFEZR A Y $B82%, WOt & S IK A
Tkesue PRI ZH 3 52 HIP Ji5 Ab B, {UAH ] 0.01 wt% SiO,
VE R B2 B, 152 T 1064 nm jA 3] 82.4% HHit & it
K OBESHRAELE 1% cm ™' LU F BIH & i Y-TAG Mg
2 H 40 at% Y B L4 TAG P %35 HE 0 B B B 1 A
PAFEIA 2 0.01 dB, FF 25 2L 3 39.5 dB, Jo5 44 ny 4l
TAG [ 2 25 4 1 15 £ 0.05 dB, F& & ik 2 40.3 dB,
TR TGG S iARRAET (0.05 dB) FIBE S (35 dB),
H I KA E] 45 mm!™,

ML EZETTLUE 1, it B P8 248 = TAG
B2 11 Verdet # B 23 H T B Ffy R MR, B
T3 TAG W6 & B F I RRAC . S & T 2K
S, 3 A1 P s ) T MAC R RIS R 2 PRIE TAG P % e
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W FR PR PR
4 FE 3~5 pm LML SR

X TAER KK AP B, 1 1.3 pm A1 1.5 pm
(38 TR B, BSR4 22 G MR B B R G 1 4
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i R A4f, H Verdet # ¥4 7] i5~300 rad T ''m ™', Jf H i
o YL B Cet B B 2%, W LA — P Rk
PLEE RO O, P, PR LA . /NIRRT T 2 48
RN TZ N . T CO, BUOE RS A M 5 i, 78
9~10 pm I B i 21410 ik Be A bt R R i 1B 45 22
I n BB Z A M-V % InSb. InAs 452 S AR 61
ASPURARN 5 %k YNCINE SR U1 Tk S|
THBIRJGW N B H R 75 5 1 AL R G R ER
i, H Verdet # $0H =, — AT LA Fr 55 A
REIR B e f B S PR R

R, AT R R hy LA 1T D, B i 1 M Bt
VL KGE TR BeRECAT R, X T BAT 8 2R B L 3~
5 wm % B RE G AR 5E A AL A
AR U0 n B InAs 7E~5.4 pm 35 B A B 25 2% il
B, H R T LU HRGE B AR RO R 4L
BR, TARDPRRAG . B & i OV BRO6E S
AT RS ) o, T A Ok Hh 2L AR g B b

L EuF, % AR P20 AMEE G S IR, 7F 2 um i
Bl on i R4F 09 & D R LR Verdet IR 15 2
123 rad T"'m™", If HA B 7E 3~5 um % Beth BT 847
37 2, A& 11 FieR, 28 T 0 0 m DS b LA

100%

80% r

60%

40%

Transmittance

20% 1

0

Apm
B 11 1.5 mm S EuF, , BEOGAARGE RN (1.7~7 pm WG
5'5 Q Eu3+)[65]

Fig.11 Transmittance curve of EuF,;; MO crystal with 1.5 mm

thickness (the absorption band at 1.7-7 pm was caused by

Eu™))

JERERE, AR AT T B AE 1.7~7 pm HA 24 Wl 1
Eu’ 8 1 H i 2% s i [l el

5 ZFRiE

SCH 2R T T LL AN B T SRR R A 5
AR, 46 T RE A} R T R BN X L BE R B 11
P VAR T, 36 F Xt e T A TSAG 548 . TGG M
¥ TAG P e e R B DR v R, B iR T
BA N SL A TERER TAG REEH & BT 5 e, 4
FEE AR R FE B B TAG WEGIERE Rk 3 TAG O it
B IBEGE . SR E TAG W% 5 SR w6 5
FRIBFFE AR T RS F R, S hE Akl & T2
B 45 2% i 34 4 VK P e 100 S8 B WA 468 A6 2 S B
TAG B % = D R R TR AR 12 . LA, 4
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I B RE A RE R R DT 0]
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