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Table 1 Properties of Nd™ laser glasses

S
FLUORG }[};:2?
SILICATE ] PHOSPHATE PHOS SIL i
L8G-#iH | LHGS LHGE | PHATE {ja,‘E,F
LHGH o
HaP3
NG" " CONCENTRATION (107 /UM 3.0 3.2 3.1 3.0 3.8
STIMURATED EMISSION CROSS SECTION (367°CM?) 2.7 4.1 4.0 2.7 3.4
LAFE TIME {gsec) 300 390 310 380 270
FLUQRENCENSE FIALTF LINE WIDTH<{A)Y 274 220 218 265 273
CENTER LASING WAVELENGTH{nm;} 152 1054 1454 1054 1953
NON-LINEAR REFRACTIVE INDEX (107 Fesu} .58 1.28 1.13 0.61 1.12
THERMAL COEFF.OF OPTICAL PATH LENGTH (0 °7C) 4.6 4.6 9.8 ~ 1,0
COEFE.OF THERMAL EXPANSION G670 105 98 127 153 83
THERMAL CONDUCTIVITY (Keal . h.Cl .03 .77 .58 $.74 .80
FRACTURE TOUGHNESS(9 *MN/ m™ - 390 290 - 454
THERMAL SHOCK RESISTIVITY G0°KTm*h) . 1,16 .69 - 1.88
L
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Fig. t . Energy levels of Nd& jon and
associated adsorption spectrum.
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Fig. 2 . Lasing characteristics of high Nd*"
doped Laser glasses.
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Table 2 Properties of Er'* Laser glasses.
7 i LEG LEG20
el 31
SR ELI HARE TE R s (107 P em™) 7.4 7.8
H$ S * {msgec) 8.8 5.8
B0 AR (200K JA(A} 300 320
RO L Ag {rm) 1535 1535
AR R {em™") atifiinm 0.028 0.058
A= {%) HUH $E89% 1 4% S0mm 0,26 0.42
SRR (1) i - 15 17
T
WO #n at 1540nm 1.5251 1.5245
H at 632.3um 1.5385 1.5379
T AT~ 56°45° 567447
SRAT S DRIE (R ¥dn ~dT (200 —407C) (107°,7°C) —3.45 3.88
LR
Bk MTs(C) 551 Bilg
% B aTe(c) 516 503
BT a 20~ 40C (1) 88 100
g 100-300°C (107770 199 112
G Far2iC (Keal m-h ) 0.47 0.47
FPACRERT AR TEDw (wt loss®) (H0000C 1hn 0,08 0.04
& 7 EME
b3 i {g.<cm™} 3.8 3.08
e W {(Kgf/ mm®) 5710 5640
[ (Kgf mm®) 2270 2240
T . 259 0.261
R RIS (100g#7 %) (Kgf mm°) 349 346
1age 359
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Fig, 4. The principle of isolator. In the case of (b),
faser beam: can not fransmit the polarizer[A]

Table 3 Verdet constant and physical properties o  the trivalent rare carth phosphate glasses.

e La e P Nd Sm  Ba  Gi  Th Dy Ho B Tm Vb

405" 0.087; —0.472 —-0.447 —6.250 0026, —4.025 0.8 0560 00540 0,299 00138 0819 0087
420 D.033 —0.5385 —0.395 —0.227 0.026; —G.020 0,016, —0.501 —-0.494 ~D.281 ~0.127 0017 0077
436° 2.030; —~0.5H ~0.332 ~0.200 0024 0017 0016 0B 053 0313 —0121 041 0,07
450 6028 —0.458 -0.338 0097 0.02% —6.816 0015 ~0419 0418 0305 080 081k 9.06%
465 8.003: 0,408 ~0.283 0,183 0.02%, —0.616 0015 ~0.385 -0.888 ~0.135 —0.H11 D01 4,081
480 3024y 0,366 0283 0,167 0020 0000 001 35T 00350 00056 0100 00120 0.086s

300 8.022 4,328 02681 0,155 40020 —0006 0.01% 0323 -0.331 ~00153 00U 0008 0.050:
520 G20, 8,287 0,230 00138 6,007, —0.006  0.082, ~0.295 0,301 0,138 0,085 0.008,  0.845,

a4t 3018, 0053 ~0.208 ~0.13 §.015; 0,005 0010 —0.281 -0.268 QU038 0862 0006 0.8
578% G615 0217 ~0G82 —0.08 G0 0.0 0.0, 0220 0,23 G109 006800 0.005;  0.0386;
600 0.0Hy —0.187 ~6.170 —0.088 G012, ~0.003 001G —0.206 0217 —0. 110 —0.057 0604y 048335
635 0.0k —0.173 —0150 ~0.080 G001 —0.002 0,008 0190 -0,197 -0.098 0831 0.0040  0.028

G50 ~4150 0132 0,071 0.010, 0,002 0.00% ~0.184 0573 0884 0044 G087 0.8
T 0081 0132 0,123 0,050 0.000, 0.008, 0,150 8159 0077 0.0 .08y 0.02%
Yisusl Pale « ; - . Pale . el ,_‘}’a}e Golden 1. Pale )
agpearance vellow Green Purple Yellow oeach Colorless Colorless vellow  vellow Pink areen Colorless
P06/ R0 gg;i 3.09 .8 2.87 2,493 3 2.94 2.51 2,94 3.401 2,79 3.01
Bz } N @ . %3 w s g " o 0 o

ESU'{’ il G 7.5 4 18 6. Y 31.5 63 [ il TH.9 2.9

(Eud®81.5)
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Table 4 The Properties of HOYA Faraday rotator glasses

FR-4 FR-8
Verdet constant V{min/Qe-cm} 632, 80m - 9,090 —0.242
160nm —§.026 0,071
Refractive indices e 1.57316 1.68832
e 1.57018 1.88445
11 ELOLROOE 1.69730
Abhe number Vi 58,01 53,56
Non-linear indexn1: (10 e 5.1) 1.539 2,45
Figure of merit Vasa{na/ el 0.08% ¢+, 167
Density {g/cm™) 3.10 4,28
Transformation temp T T} 525 756
Sag temperature Ts{'C) 554 |01
Coeff.of linear thermal expansion  @iee.sesc (10727C) 67 50
&z $1077,°C) 83 47
Fao-rie {1077C) &1 44
Knoop hardness Hy (kgf/mm®) . (510} 745
Chemical properties{wt.loss%%) DwiH.0 106°C 1 hr) 0.015 0.013
D OLN-ANGL00C | hid 0.055 0,22
Young's modulus Y Gegf/mm® 8651 11035
Modulus of Rigidity G{kgf/mm?) 2673 4547
Poisson's ratio 0,244 0,22
dn s dT U0, CH20~40C ) +2.8 +7.5
ds. dT (107570 (20 —407C) +6.3 +10.7
G0,
f/
/ )
5.84 5.0 {a)
/ S
RSN
Ay 5.5 {mal%)  8:0
Ful

BaF,, 2MgF,, NaF, 4.0 (cationZs
Fig. 5. Glass forming region in the system
containing rare earth oxide.
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Abstract

Rare earth tons are extensively used in new
glasses such as laser glasses and Faraday rotator
glasses. Well known is the use of Nd*"ions as
activators for the laser glasses. Laser action has
been demonstrated for many lanthanide
jons 1 N&**, TR*, Ho™. Er*", Tm®", either
singly or in sensitizer-activator combinations.
A number of fibers containing various rarve rarth
ions (N&*™, Er®7, TH', Sm™ ) are also of current
interest for a variety of applications, including
tunable laser fiber sources or hroad band
amplifiers in optical communication systems.
(3lasses containing substantial amounts of Ce*,
Th*™ or Fu'"are valuable as Faraday rotator
materials for optical isolators, modulators and
magnetic sensors.

This paper describes the application of rare
earth ions in laser glasses and Faraday rotator
wlasses.
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