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Abstract Determining the orientation of electric dipoles in Q-switched crystals with anisotropic and nonlinear

absorption properties is an important condition for measuring their absorption cross sections. Through the analysis

" in the

of the space group to which the Co”" : MgAl, O, crystal belongs and the position symmetry of the doped Co”
cell structure, it is determined that the transition direction of the electric dipole in the crystal is mainly distributed
along the diagonal direction of four individuals in the cell, and the theoretical model of polarized incident light

propagation in the Co®" t MgAl, O, crystal is established. The nonlinear transmittance curve of Co*" : MgAlL O,
crystal cut along [100] direction is measured experimentally in the direction of polarized incident light. The

experimental results are fitted by the established model. The ground state absorption cross section and excited state
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absorption cross section of Co”" : MgAl, O, crystal in 1.5 pum wave band are (3.640.3)X10"" c¢m” and (4.5
0.4)X10 * em?,

Key words laser optics; passive Q-switching; Co’™ : MgAl, O, ; anisotropy; saturable absorption; absorption cross-

respectively.

section

1 51 7

Co®" +MgAL O, f i HA7 Fa e ¥ 1k vk ge 3
HLAT I A R R L WA T R L A T BRI R
Fo 00 5 S HRT 1.5 pom U7 BEL BIUHR 22 42 %
B R FH RO B H Q ARt #E IR % 430k
IR BRI Co’ '+ MgAL O, ¥ 3
Q WOt E T P iy & L i HLAE B R O L 3R
B W TC N2 3 O TR R RN IO AR A Ak £ A
b TZ R

£ Co™" +MgAL O, #i3h i Q MK R £ S &
Hh, ISR TR X B Bl Q O AR I BER 43 Br DL J e
oAkt BA EZEWERST . 2000 4F, Yumashev
S Co™ t MgAlL O, S IRAE J 4% 18 [a) : f 1A,
AT T HAE 1. 54 pom P B 3 28 M A 285 B9 1
e #% W, 2007 4FE, Volk 25 4} B T CoP' s
MgAL O, ity (4 119 45 1) 53 1 A0 n] 4R A0 0 4 4 L SR
BB TV A it il 43 A P R TR X i A ) 2 245 R A R
T RN 38 R S WG T 2R AT T Al . 2020 4R, PR
L1002 S T W [100 ] A (1100 7 1) ¥
Co™" + MgAL O, iy XF A [8) i 3% 7 1) A S 6 14 385 ik
RO RS FE S AR P Cr'  YAG &
BERRKMES, XRWL T H RN Co™ s
MgAL O, fb A ELAT A [ f) 46 A0 W e 4 1 o H: g 3 e
EYHR T AN U = b Bl T A3 A S BT LLOAS g A
BV = A S AT 10 43 A B R X Co® '+ MgAL O,
RN TR o e i N NI TTI = 11 S el O ORI
MgAlL O, f 4 A AR B A 52, DL KE B 22 1
A = BB 1] (14 A5 250 X o A O A AR T 1 0 e R A B
ZIHE .

ASCIE X Co™ + MgAL O, &4 BT J& 1) 25 [
FELL S B 28 F Co™ ' 7 i M 45 ¥4 v 14 57 B8 5% A
(o3BT B E T SR N Co™ A T iy By, dsr 1
T HE A BHGTE Co®' s MgAL O, Ak i 14 i i 3118
RO, A SCl & T HY [100] 97 ) Y0 E Ay Co® s
MgAL O, & 7E B MG 14 55 58 I I 7 1) 14 385 20 %6
O T AE kB R 0 g 4L O R FH T o A A X
iR BB A AR T oo
MgAl, O, il 4 1) Fe 285 8 5 8 T R 9 A 245 W WS T

2 AT B A R R R

Co™" + MgAL O, A 11 4% 1] 5 a4 A i
Btk 5 SR M A S L X S O & R T A
W T A ph T R A 5 A A X R BT DAL R A
TR EZ R m Gn =4, 3,2) Wi 16 14,
MgAL O, J& T 3777 i & Fd3m 23 [ B, 16 3%
PR B R, OF 4% 57 BB HE B (CCP) HEF
HEB G I AR 96 425 Bt (0 HUA 24 428 B gl e 1 35
78, Hop 8 A~ Mg (H ¥R A B 16 A AL b
PNHAZ B, B AR Co’" 5 T B & 8 1Y i &
25 BRAY Mg™ " T o A DU AR S B Mg® T T
&N 8a Wyckoff (WP 8a) v & , i /& 43 %R, J
A 3 40 0 AT T Sl 7 10 1 4 W% T X B Al
(S, M 4 4547 FL111 ] (111 ). [111 A
CIT1]77 1 fY 3 YHE e X ARl (C, il L an &l 1 Ca) BF
R. Co® *MgAL O, AR B ITE S, ShAl C,
M B 1(b) iR . B SCERC13] AT H, WP
Sa i EH HHILAB 4 4~ O Z Al AY I 2 (0. 2165064 ,
a N R BO /N T 5 H A R 7 2 R R B R
(0. 414578a F1 0. 433013a), fif LLIA K Co*" B 5 T
HHEA 4 4~ OF R HE MK T, B Co o
MgAL O, A& DY i e (A 72 1 % S LY 4 S5 ik
X F AR T ) BRAE A, HL AR A 7 1) A R A R K
INFREE AN 2 R . TEIZ AR X ERL100 107
) E ) Co®' s MgALO, Mk, Ml FaEEHT
C100 31 20 S LoT1 AT L0111 ] 7 i) £ 5 . 24 A Bt
B8 D 3 7 1) 0 2 3K PR A4S T ) B S 3R Gk B Bk
N AR 3R 5 1 HE L0108 (001 ]y 1] I 3 4+ %
IR f /N, B R SEH 5 SR [ 10 ]9 52560 ) o 25 2R —
X — SRR T Bk AR

FERE Co™ + MgAL O, 74 P18 H 7 B B 1)
J& S HRAE Co® "+ MgAL O, fb A 1 55 8 57 f R A S
GG AE b PR P9 5 B %) B8 A Y, JE 1 45 5] Co” ™
MgAL O, Fh iR 8y % i 2 5C T A5 bk v e & 09 238
FFZ, Co™ +MgAL O, FhR W2 e % & it
] 25k 350 nst™ i A S RIS Y ik 56 S 40 B0 i 9%
JIELL Co®' + MgAL O, fib 1A J& T 12 5th B 7T 4 A0 Wi i
N & O A SN IR S IS el i

1014001-2



(1001 y

° COZ+
. Al3+
@ 0

/[100] x

E42% F10H/2022 £ 5 B/RFZER

S, axis is parallel to
[100] direction

C, axis is parallel to
[100] direction
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Fig. 1 Crystal structures of Co™'

: MgAl O, cell. (a) 8 Co’"-ions with site symmetry of C, and S, (spheres in tetrahedrons) ;

(b) projection of Co’" ~ions satisfying C, symmetry and S, symmetry in [100] and [111] directions, respectively
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Fig. 2 Schematic of transition of Co’" dipole along the
C, axis parallel to [111], [111], [111], and
[111] directions
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Fig. 3 Experimental setup for measuring transmittance
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