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Orientation analysis of the 2nd ham onic fran magnetic-op tical
thin film surface

ZHANG K e~yan'*, ZHENG Rui-lun’

( L Deparment of Physics Fuling Teacher s Colhge Fuling 408003, Ching 2 Collage of Physics Southw est Nom al Un wersity,
Chongq ng 400715, China)

Abstract Nonlnear second-hamonic pohrization matrix fran te anisotropy magneticoptical thin film, nunbers and
dstrbution of elaments of the matrk at different symmetrical surfaces have been provided The nonlnear polarzaton of the
comesponding surface and the nonlinear second hamon i field amused by the corresponding surface of evenly reflecton space or
the m agneticoptical hin filn & also presented when the magnetizatbn strength of m agnetic self suip lus paralkl to the [ 001],
[ 110] and [ 111] crystal surface respectively and the outside electrc field does acton to responding surface The orientation angle
of wo possbilites of ths hamonic snooth site 5 given The cause factor and the reason of two possble orientatons to

comespondingly surface are analysized and d Ecusse
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Tablel M doesnotbeO justand [ 100] surface parallel polarization matrix

not 0 independent elem ents

symm e try independent elen ents
(2 (2) (2 (2 (2 (2) (2 (2) _
X ) ><’l X ) =X ,’ X}ll)’ X322’ X'%Tg’ XIZI) -
dmm () X2 X2 = X2 X2 x2)
X] 12> X'211 X323 ?32’ XZZZ’ XB3
(2) )
! 0 0 0 E;
(2) 2) 2) 2) 2
P, = 1l 2 Bl oo | E5| +

(2) 2) 2) 2) 2

P 311 322 33 E;5

not 0 ndependent elem ents

symm etry independent elan ents
(2) _ x(2) _ x(2) _ x(2 (2 2) _ = X2 -
X5 =XY =X = X4 Y, N =X = X =
(2) x(2) = X2 — 2) _ (2 x(2) — x(2) _
X X = 3 = - X = - XL X = X =
mm?2 (2) 2) (2 (2) (2) (2) (2

- - - ) =
=X = - XEL XY = XYL XY = L X =

— x(2) 2) - _x(2) x(2) = _ X2

X3, X3 = = X, XH = - X3

M [111]

(4) 7

Table3 M doesnotbeO justand [ 111] surface parallel polarization matri

not 0 ndependent elem ents

symm etry independent elanents
X = =23 = =X = - gL XL XF =X =
R R
Ao - - <
R 3 , (4 :
(2) 2) 2) 2
1 11 - X 0 Ei
(2) 2) 2) 2
2 = | - >‘5222 2 O | Ey +
(2) 2) 2) 2) 2
3 11 322 )§33 E3
2 2
- 2Xézz ><z) 2>< 4 E\E,
2 2
- 2Xh0 2% 24| ¢ | Eabs (7)
0 0 0 EE,
2
2 2



48 2005 2
s N Pberk ﬁr/— ¢ r’ (,0/: 2(0
[17]
9 9 , 2
L E;zw(r/, t):Eeeik,.r/_m,
P.= P, (8)
,])S E;Zwocps (12)
E(n g=Ee™ " : 2 . 2
, 1 Ly o< Ejp o P (13)
second harmonic of reflection [001], [ 110] [ 111] 5 (9)
~ (11) (13)
2
rz»‘x(Xm)Es *(28) (14)
Lia o {[%5 — X0 ] sn(2®) + [ %1 + X5 ] X

Fig 1 Plane shake light the second hamonic cakulation thatm agnetic optt
calthin filn surface reflects principle picture

2
@ (5 ~(7)
[001], [ 110] [ 111]
21 [001]
Mzl [001] : 2
(sp) . P.=P,=-%aE, sin(28") (9)
22 [110]
/107 . (sp)

(2)

P,—P = [[%223— Xm]s]n(Z('P)+

[ %13 + X35 ] cos(29) + [%1s — X1 [ JE\E2 (10)
23 [111]

Mo 111 . (ss) :
P.= P, = [X] sin(3®) + %3 cos(39)JE," (11)
3 2

E(ﬂr 1) = Bt ,

cos(29) + [x;n - X5 ] )’EVES” (15)
Lo > [%0 sin(3®) + X cos(3%) J°E," (16)

4 2
(15) (16) ,
2 1.2
¢ , Kerr s
Kerr
( .
% Kerr ),
.4 (15 (16) ¢
0 11r20J (PK
[001], [ 110] [ 111]
2 :
(1) [001] B Ir2w ¢ ’ 2
Kermr
(2 [110]
2) 2)
1 23— ><13
Q¢ - = 7223 T A3
X, > arctanR e 123) N ){é; (17)
., =
NG
—;arcsinRe = - = - 2 -
J% - (X3 + %3 )
6/2 (18)

+
, 0= arctanRel z;) 21



29 1

49

Kerr Kerr "
)
(3 (1],
2)
1 Rl
k, = = arctanR e| —>; (19)
3 3
1 »
%, = —3arctanRe —222) (20)
1
Kerr ( Kerr ,
)
5
(1) [001] , M
[ 001] , [ 001] 2
) (14) )
R ¢
, [ 001]
[ 001] 2 ,
) , [001]
2 | ©
(%3 )’E, siv (2B) , 0,
0,
(2 [0, M
[ 110] , [ 110]
> % %, [110]
2 % > Xi
’ (PKI (PKZ
5 Xézz%) < X1(12§ ) (PK] "PKZ
. [001] =
X3 : ,
[ 110] , )
Kerr ,
2 2 2

X(nz;]s'n 2‘P)+[>éz +>ém cos(29) +

[>én— VEVCEY :
Q %, %,
(3 [11] , M

[211] .11 :

[111] 9,
% 2 i
%2
6

2
(1 2
(2) )
2 2 2
(3) [001] ,
: 2
[110]  [111] :

[4]

[ 5]

[6]

[7]

[ 8]

[9]

TYSON T A, CONRADSON S D, FARROW R F C et al Obsewation
of mtemal mierfices m Pt.Co,_, (x= Q 7) alby fims a lkely cause
of perpendiculirmagnetic anisotropy [ J]. Phys Rev 1996 B54( 6):
3702~ 3705.
LANGER J LEE SJ LYNCH D W efal Ellpsmetric and Ken-
effect studies of PyX (X =Mn Co) [ J]. Phys Rev 1998 B58(1):
351~ 358
etal (PCo),_ N1
[J]. , 1999 48(12): 217~ 223.
WANG Y J ZHENGM, L1] et al Exchange coupling n dilnie PIN 1
alby /Comagneticmultilayers [ J|. PhysRey 1998, B58( 6): 3228~
3231
etal [J]
1027~ 1030
s N et al. PiCo
[J] , 1999 26(11): 97~ 1002
X
[J]. » 2002 29(3):
N et al

[ J]. 2002 22( 11): 1300~ 1302
W ERMAN K W, HLTKER JN, SUBRYANOV R F etal Optical
and m agneto-optical constants of MnPt [ J]. Phys Rev 1997 BS5

(5): 3093~ 3099 (T4 % 7671 )

, 2002 29( 11):

236~ 238



76 2005 2
6,-
;5“\\ [ 1] PAKDEEVANIH P, ADAMSM ] M easuramn ents and m odeling of re
=4 h \ 0.96/ + flective bistability n 1. 55Hm laser diode anplifiers [ J]. EEE JQ
%3\,\ \\>( t E, 1999 35(12): 1894~ 1903
= A >~ - T [2] WEN P, SANCHEZM, GROSS M et al V erticak cavity optical AND
§“’ 0.98/["/“ gate [ J]. Opt Canmun, 2003 219(2): 383~ 387
1 [3] ADAMSM JWESTLAKE H JO’MAHONY M Jetal A canparson
_Q,’Li 30 5% of active and passive optical bistability in semiconductors [ J]. EEE
initial phase detuning ¢, JQ E 1985 21(9): 1498~ 1502
Fig 3 The dependence of the width of bistable loop on parameter ®, L4l ’ ’ etal
[J]. , 2000, 20( 8): 1015~ 1020.
[ 5] ROYO P, KODA R, COLDREN L A. Vertical cav ity san iconductor op-
3 tical anplifiers canparison of Fabry-Perot and rale equation approa
ches [ J]. EEE JQ E 2002 38(3): 279~ 284,
[6] TOMBLING G, SATOH T, MUKAIT Perfomance predictions or
12 7J, , VCSOA vertical cavity sem iconductor laser anplifiers [ J]. EEE JQ E, 1994
3 . ( 1) , 39( 11): 2491~ 2498
[ 7] SANCHEZM, WEN P, GROSSM et al Nonlneargain in verticakcav
’ ’ ’ ( 2) ity sem icondu ctor optical anplifiers [ J]. EEE Photon TechnolL ett
, , 2003 15(1): 1~ 3
, ; ( 3) [ 8] AGRAWAL G P, DUTTA N K. San iconductor lasers [M ]. 2nd ed
Nev Yoik van Nostrand Reinhold Press 1993. 495~ 499
’ ’ [ 9] . , etal VCSEL
, [ 7. «,2002 13(12): 211~ 1214
VCSOA [ 10] : : et al
[ 1. , 2001 21(8): 975~
979
(—]—_,fgcﬁz; 497 ) © tions on optical second-hamonic generaton from surfaces and nter
[10] SHABRYANOV R E JASWAL S S M agnetroptical properties of fices [ J]. Phys Rey 1986 B33(12): 8254~ 8263
M nBiandMBA L[ J]. Phys Rew 1996 B53(1): 313~ 317. [15] SPE JE MOSSD J van DRIELH M. Phenanenological theory of
[11] GASCHE T, BROOKS M S S JOHANSSON B Calcu hted m agneto- optical second-and thid-hamonic generation fron cubic centrosm-
optical K err effect in Fe Co and Ni[ J]. Phys Rey 1996 B53(1): metric crystls [J]. PhysR ey 1987 B35(3): 1129~ 1141
298~ 301, [16] s . Kerr [J].
[12] WANG C § CALIAWAYY ] Band stucire of nickel spiromi - 1995, 23(8): 19~ 22
coupling the Fem i suface and he optical conductivily [ J]. Phys [17] PANRPWEIH D, HEN Y R et al Optical second- ham onic gerr
Rey 1974 BO(11): 4897~ 4907. eration fran magnetized surfaces [ J]. Phys Rey 1989 B39 ( 2):
[13] LAMBN P, VGNERON JP Computitin of aystal Green’ s func s 129~ 1234 -

[ 14]

toons in the can p lex-energy phnew ith the use of the analytical tetrr
hedronmethod [ J]. Phys Rey 1984 B29(6): 3430~ 3437
GUYOT-SNONNEST P, CHEN W, SHEN Y R G eneral considerx

2001. 163



