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Table 1. Crystal field parameters acting on Th* and Pr** ions (cm ).
REZ B2 o B2 By By Bs,o Bg 2 Bg,4 Bs.e
T+ 4f -129.9 271.2 —2558.8 1121.6 682.3 -157.2 1048 4.7
5d -3063 1180 —139845 5412
Prs+ Af -334 144 -2630 1126 932 -207 1622 -199
5d -4162 2150 —128877 8425
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Table 2.  Energy level shift under the action of crystal field and spin orbit (cm ).
1 2 3 4 5 6 7 8
—_ E, 41.6 49.7 84.9 89.2 267.5 272 303.2 310.5
Ey -863.2 -336.4 -56.3 784.6 1446.7 1996.2
py+ Ey 74 -8.9 55 452.8 512.4 549.9 567.1 722.4
Ey -1767.6 -542.9 11159 1198.2 2349.5
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Table 3.  Energy level splitting under the action of effective field (cm !).
1 2 3 4
Th* (4 2.342F 0.9516vx) (& 0.463F 0.1422v ) (+ 0.897F 0.3641vx ) (+ 1.499F 0.6561vx )
Prit (+ 1.641 F 0.8244v ) (4 0.423F 0.0893vy ) (+ 3.302F 0.1176vy )
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Table 4.  Energy level shift under the action of super-exchange interaction (cm!).
1 2 3 4 5 6 7 8
T+ Egs -201.3 -152.3 -96.4 -3.2 82.4 141 168.3 210
Ey 499.1 112.7 78.8 236.7 774.1 1135.8
e B -262.1 -194.3 -32.4 56.9 61.5 176.5 211.7 387.9
Ey -844.1 -10.3 743.5 882.4 1178.3
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%5 FREBK FRRREEH V (rad/m - T)

Table 5. Verdet constant at different wavelengths (rad/m - T ).

BN /nm 457.9 532 632.8 830 1064 1300
Ve 290.1 179.4 122.2 51.9 31.8 18.5

TGG
Ve 305.7 190 134.4 61 40.2 20
Ve 421.8 312.5 190.2 108.8 59.7 45.9
5%Pr:TGG

Ve 437 324.5 200.1 121.4 68.7 49.2

TE: VoA SR BUOTHRAE, Vo SEgi (002320,

6 ANF PrE T AR (y) TRSERIER A V(rad/m - T)

Table 6. Verdet constant under different Pr3* ions content (rad/m-T).
A/nmy 0 0.073 1 1.5 2 2.927 3
532 179.4 312.5 2002.1 29134 2021.4 367.9 237.7
632.8 122.2 190.2 1099.8 1588.6 1112.9 231 161.5
1064 31.8 59.7 432.1 632.3 438 77.8 49.4
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1) PrvEd I BRAE L FE oo i Th e + K, H
PrivE i S HiwibE FR 55, 5l TR
PLE e M, 2) B P T E, T E 5
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Table 7. Inverse magnetic susceptibility at different temperatures.
WET /K 10 100 150 200 250 300
GG 1/Xe 80.3 458.4 688.3 942.8 1167.8 1399.5
T
1/Xe 72.2 469.3 659.2 908.9 1128.7 1349.6
1/xc 64.3 441.2 637.7 852.4 1029.3 1210.5
5%Pr:TGG
1/Xe 56.4 419 599.2 803.7 987.1 1163.2

T 1/ X FASOHRE, 1/ x A5G,
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Fig. 1. Wavelength characteristics of the Verdet constant.
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Fig. 2. Temperature characteristics of the magnetic suscept-
ibility.
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Abstract

Compared with those materials with superior magneto-optical properties, such as YIG, Ce:YIG and
BasTh(PO,)s, pure terbium gallium garnet (TGG) crystal has comparative low Verdet constant and cannot
meet the requirements of some high-power devices. Doping Pr?* ions in TGG crystal can remarkably enhance
its magneto-optical properties and expand its application scope, but there are still lack of systematic theoretical
calculations to clarify this phenomenon. Based on the quantum theory, this paper presents the influence of
doping Pr** ions on the magneto-optical performance and the corresponding quantitative calculation results.
Firstly, taking various effects on Th3* ions and Pr?* ions in the crystal into consideration, the Hamiltonian is
modeled and discussed in detail. The secular equations are solved by applying the perturbation method, and
then the energy level shifts and wave functions of the Th3* ions and Pr?* ions are worked out, where the spin-
orbit coupling, crystal field, effective field and super-exchange interaction between the two types of ions are
considered. Furthermore, the transition dipole moments of Th** ions and Pr®* ions from the 4f ground state to
higher level 5d, together with the distribution probability at each energy level and the average magnetic
moment, are resolved. Finally, the Verdet constants and magnetic susceptibilities of pure TGG crystal and
Pr:TGG crystal are calculated and compared with each other. Moreover, the relationship between the Verdet
constant of Pr:TGG crystal and the Pr3*-doping amount is derived. The results show that the Faraday rotation
angle caused by Pr3* ions is larger than that of Th3* ions, meanwhile, the strong super-exchange between Th3*
ions and Pr3®* ions causes further splitting of the 4f energy level, resulting in a significant increasement of the
Verdet constant of the Pr:TGG crystal, which reaches 313.4 rad/m-T, 191.2 rad/m-T and 60.4 rad/m-T at the
wavelengths of 532 nm, 632.8 nm and 1064 nm, respectively. In addition, doping Pr* ions inside the crystal
improves the internal effective magnetic moment, which can reach 9.92 pp at 10 K. At the same time, the
magnetic susceptibility increases, while the temperature interdependency decreases. The linear relationship
between the reciprocal of magnetic susceptibility and temperature reduces from 4.41/K to 3.92/K.

The Verdet constant of the Pr:TGG crystal is linear with the amount of Pr®* ions doping. When the
contents of Th3* ions and Pr** ions inside the crystal are equal, the maximum value is reached, which is about
2913.4 rad/m-T. The calculation results in this paper are in good agreement with the existing experimental
data.
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