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Bi beam Ga—ion beam Bi, Sr, Ca,Cu
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Growth Rate Diameter gf Ga Beam Growth ::12:; )
50nm : sec.
| 0.13A/sec. Depth of grooves Thickness
Thickness 0.5um 150nm

100 — 150nm
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Bridge-A, d=0.9um Bridge-A, d=3.0um

Ic =475 mA Ic =5.75 mA
Jc = 3.52 X 106A/cm? Jc = 1.28 X 106A/cm?
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- For weak incident laser field E(o) :
1 _ 1)
P = X goE
- For strong incident laser field E() :
(1) (2) (3)
=& (i E; + 1 BB + 1 E;EE +--0)

Third rank tensor is not allowed in
centrosymmetric materials.

- Nonlinear polarization P® for incident field of E=Esinat

E . =
P® = 50;((2) 70 + 50;((1) E, SIn wt|—- 50;((2) —2

Second harmonic generation (SHG)

CoS 2at +} - -
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PO(t) = | dzdr, 22 (7, 7B (t - 7)Ed(t - 7,)

E.(t)= {Elj exp(iot)+ E,; exp(io,t)+ C.c.} /2

parametric process

e

p( ()= p@

(01 + 0y )e w1+w2)t}+P()(w1 @7 )expli(e - wz)t}]

+ P(Z) (({

(

¢

D )e p( 20nt)+ P\ (205 Jexp(i2ept )+ c.C
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SHG process/
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rotrotE(w) + £ 7 E(w)=0
(60 O 0 )
E(a)): 0 &y« —&yz
\ 0 &y, &xx )

Y=ty +ine (FEFRH—MEERA)
P (sindcosd | cos(26)+ x5
Zo ||cos 4 + 7 c0s(26,) + x5 cos” 4

tan ¥, () =

Xl(l):8y21 Xo(l)zgxx'lz N2'1
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Au(xML) bee-Fe 4.054 A
2 { Fe(xML) (001) < >
1 { Au buffer layer
Fe seed layer AU
MgO (100) — gt
[Fe(IML)/Au(1ML)] Fe

Schematic structure for the
Fe/Au superlattice

JT- DR

L1,

fcc-Au
(00 1) 4.079A

Atomic arrangement in a unit cell of Fe-Au with a L1,
suructure.



[(Fe(xML)/Au(xML)J A LT1&F
Integer :x=1, 4, 6, 15
Non-integer : x=1.25,1.5,1.75, 2.25, 2.5, 2.75, 3.25, 3.5, 3.75

e =
21 Au(xML)
14 Fe(xML)
Au buffer A
Fe seed — Y
1< Fe
- /

0 025 05 075 1

x=3.75ML
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A=810nm
Pulse=150fs
- — P=600mW _
LD pump A=532nm  [Ti: sapphire| repgoMHz « Mirror
SHG laser laser X
Electromagnet Filter Berek
Stage . Q \4 \( compensator
controller p
I Z Z‘@’ Mirror
Sample '\ '\
Chopper
Analyzer — lens  polarizer
Lens— <3—
Filter— B Photon counting

Photon counter Computer
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Filter Optical Setups
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x104
50

30

20

10

SHG intensity (counts/10sec.)

Electromagnet

S-polarized light
w(810nm)

Rotating

O 30 60 90 120 150 180

Analyzer angle (deg.)

Analyzer angle-dependence for

[Fe(3.5ML)/Au(3.5ML)] superlattice (Sin)

Analvzer\)[

Analyzer
Filter

2w (405nm)

The curves show a shift for two
opposite directions of magnetic field

77'(<2) _ l{tanl( | max (+)j _ tan{ L wax (=) H
2 I () I ()
Nonlinear Kerr rotation & ellipticity

6,2=17.2°
17, 2=3°
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Linear optical response (A=810nm)
The isotropic response for the azimuthal angle
Nonlinear optical response (A=405nm)
The 4-fold symmetry pattern Analyzer
Azimuthal pattern show 45°-rotation by
reversing the magnetic field Filter

P-polarized light
@ (810nm)

(405nm)

300 -
250
200
150 -
100 -
50 -
0+
50
100 -
150 -
200 -
250
300 -
270 270

(a) Linear (810nm) (b) SHG (405nm)

Azimthal angle-dependence of MSHG intensity for [Fe(3.75ML)/Au(3.75ML)] superlattice.
(Pin I:)out)

SHG intensity (counts/10sec.)

SHG intensity (counfs/)
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input-output surface bulk surface
N . . SOV sum
polarization | non-magnetic | non-mangetic | magnetization-induced
SwSax | O | |Bsindgf |- A = Ccosd 2 |- A +Bsind g Csind 4
Sin-Pout |As,— Bcos4 ¢ |+ Csind ¢ |As,— Bcos4 ¢+ Csind ¢

Pin-Sout “ | —Bsind ¢ | =A% Ccosdgf | == Aps— Bsin4 ¢ +Ccos4 ¢
Pin-Pout |App+Bcosd ¢ | Csindgf |Ap+Bcos#g Csindgf

JE4a s h— Bl fa

__2As —Beos4$£Csin 4§)(EAss + Bsin 44 £ Ccos4g)
© (Ag —Bcos4g+Csindg)? — (+Ag + Bsin 4¢ + Ccos 4¢)°

_ %A +BC0S4¢ ¥ Csin4g)(+Aps —Bsin 49+ Ccos4g)
(Aps + Bcos4g F Csin4¢)® — (£Aqs — Bsin 4¢ £ Ccos 4¢)°




The equation of the azimuthal angle-
dependence by theoretical analysis

(a) A=5, B=0, C=0.85
-For B much smaller than C, the polar
=5 7\ pattern shows 45° rotation for the
n= %0 magnetization reversal.

(A AR R=N =N KK

(b) A=5, B=0.85, C=0.85
For B comparable C, the polar pattern
undergo a smaller rotation.

——=NONLWW
OUIOCIOCIOCIOCIOCIOCIOOT

BWWNN——

The azimuthal pattern was interpreted in
terms of combination of B and C.

(b) A=5, B=0.85, C=0.85
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The equation of the azimuthal angle-
dependence by theoretical analysis

Sin-Pout
157 = ‘ASP — Bcos4g + Csin 4gp‘2
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Sin-Sout
5% = ‘J_r A% + C cos4e + Bsin 4(0‘

ASP(surface nonmagnetic term) 460
ASS(surface nonmagnetic term) 100
B(bulk nonmagnetic term) 26

SHG intensity (counts/10sec.)

240
C(surface magnetic term) -88

(b) Sin-Sout
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2
| =P :‘ASP —Bcos4(piCsin4go‘

Contribution of ASP term
- Surface nonmagnetic term
- Dependence on focused beam power

Contribution of B term
- Bulk nonmagnetic term

o - The parameter B is constant for the

40 modulation Xx.
20
0

290 15 20 25 30 35 40 Contribution of C term
- Surface magnetic term
- Decrease of the parameter C for the

Fitting parameter

Modulated rate x (ML)
Fig. The fitting parameter of azimuthal angle-
dependence for [Fe(xML)/Au(xML)] azimuthal patern rotation
(1.25<x<3.75) superlattices.
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The modulation period-dependence of
Itting parameters and nonlinear Kerr
otation angle and ellipticity in
Fe(xML)/Au(xML)] (1=x<4)
superlattices.

nput polarization is (a)Pin and (b)Sin.

Parameter @B OC

Nonlinear Kerr rotation

Nonlinear Kerr ellipticity

fodutated fate x{ML)*
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Fe(1.25ML)/Au(1.25ML)

SHG intensity
SHG intensity

2
%)
c
2
=
Q
T
n

Analyzer angle =30°  Analyzer angle = 60°  Analyzer angle = 90°
(Pin-Pout)

Fe(3.5ML)/Au(3.5ML)

SHG intensity
SHG intensity
SHG intensity

Analyzer angle =30°  Analyzer angle = 60°  Analyzer angle = 90°
(Pin-Pout)
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(a) Nonlinear Kerr rotation

- Azimuthal angle-dependence of nonlinear
Kerr ellipticity is found to be sinusoidal.

(b) Nonlinear Kerr ellipticity

5]

I: Analyzer angle dependence of the
MSHG intensity

- Azimuthal angle-dependence of nonlinear
Kerr ellipticity showed 45°-shift compared

Azimuthal angle (deg.) to Kerr rotation.

- Ellipticity @, was about zero for the
maximum &9, and the minimum 42,

-
(@)
)

©
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X
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D
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—
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Q
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N—r’

X

)

<

2
2
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2
w

Fig. Calculated azimuthal angle-dependence of

nonlinear Kerr rotation #2, and ellipcity @, for a
Fe(3.75ML)/Au(3.75ML) superlattice.




NOMOKE® A i {&k1F & D
SERHEE

(a) Nonlinear Kerr rotation 62,

AP —Bcos4e +Csin 4gpi A% + Bsin4p + Ccosdgp

(ASP —Bcos4p+Csin 4¢)2 — (i A% +Bsindp+C COS4(/))2

» o z%

(b) Nonlinear Kerr ellipticity 7?y

1Sin(g)=|PSPcos 6+PSSsin €2

Ellipticity7(?, (deg.) Rotationd?), (deg.)

I: Analyzer angle-dependence of MSHG
0 30 60 intensity for Pin configulation.

Azimuthal angle (deg.) + j 1(IMAX (—)H
="|tan | 22> 2 |—tan

Fig. Experimental azimuthal angle-dependence of Ly ()

nonlinear Kerr rotation #2, and ellipcity 7@, for a
Fe(3.75ML)/Au(3.75ML) superlattice.
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Nonlinear Kerr rotation (deg.)

Nonlinear Kerr ellipticity

60 90 0

Azimuthal angle (deg.)
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The azimuthal angle-dependences of

_ nonlinear Kerr rotation angle and ellipticity
(b) Calculated pattern (Sin) in [Fe(3.75ML)Au(3.75ML)]
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Nonlinear Kerr rotation (deg.)

Nonlinear Kerr rotation (deg.)
Nonlinear Kerr rotation (deg.)
Nonlinear Kerr rotation (deg.)

Fe(3.25ML)/Au(3.25ML)

)

Nonlinear Kerr rotation (deg.)

_—
(@]
(5]

e

~
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L2
]
=
o
=
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ey
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X
—_
[38]
(5]

=

=
(=]
Z

Nonlinear Kerr rotation (deg

Fe(3.5ML)/Au(3.5ML
Fe(2.75ML)/AU(2.75ML) Fe(2.75ML)/Au(2.75ML) Fe(3.5ML)/Au(3.5ML) ( JAU )

Sin configuration: (a) Experimental data,
(b) Calculated using parameters determined
by fitting to the azimuth patterns
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Modulated rate x (ML)

Fig. Nonlinear Kerr rotation angle of
[Fe(xML)/Au(xML)] (1.25<x<3.75) superlattices
[(a)Calculation, (b)Experiment]

Calculation and experimental result

Calculated nonlinear Kerr rotation angle 6, using
the fitting parameter ASP, ASS, B, C of the azimuthal
pattern

(The maximum 6,2 was selected for azimuth angle)

- The experimental maximum 6, for

x=1.75 superlattice was 31.1°.
- The calculated 6,2 reproduced the muximum
6,2 for x=1.75 superlattice.
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The four-fold pattern clearly reflects the symmetry of the
MgO(100) substrate. This suggests that the Fe/Au
superlattice is perfectly epitactic to the substrate.

- The azimuthal angle dependence was analyzed in terms of
nonlinear electrical susceptibility tensor taking into account
the magnetic symmetry of the superlattice.

-The azimuthal pattern was explained by symmetry
analysis, taking into account the surface non-
magnetic A, bulk non-magnetic B and surface
magnetic C contributions.




- MSHG was shown to lead to a nonlinear Kerr rotation 02,
that can be orders of magnitude larger than its linear
equivalent (0.2°), e.g., 0@, for x=1.75 was 31.1°

+ We observed azimuthal angle-dependence of the nonlinear
Kerr rotation for the first time.

- The azimuthal angle-dependence of the nonlinear Kerr rotation
were explained using parameters determined from azimuthal
patterns of MSHG response
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Optical Fiber Probe and Near-Field Optics

light
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Near-field magneto-optic images of
conventionally written domains in garnet film
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Near-field magneto-optic images of
conventionally written domains in garnet film

Polarization conirast for
different analyzer angles
Wavelength : 488 nm

Bisrnuth-substituted
dysprosium-jron=garnet film
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Electric field vector of Iight\

Intensity of light

Intensity of linearly polarized
light along x axis

Intensity of linearly polarized
light oriented by 45 degrees

Intensity of circularly
polarized light

Degree of polarization /
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a) 1f component (A=0) b) 2f component (A=0)

c) 1f component (A=n/2) (d) 2f component (A=n/2)
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