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Magneto-optical Kerr effect
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Abstract: The phenomenon in which the plane of polarization of linearly polarized light undergoes a slight rotation upon
reflection from a polished magnetic pole surface is called the magneto-optical Kerr effect. This effect reflects the influence of a material’s
magnetization state on its optical properties and belongs to the category of magneto-optical effects. The Kerr effect is characterized
by high sensitivity and precise angular measurements, which is why it has been used in recent years to study ultrathin magnetic films,
magnetization dynamics, and the spin Hall effect. In this experiment, a PtCo alloy film with perpendicular magnetic anisotropy is used,
and a photoelastic modulator is employed to make the intensity of the reflected light vary periodically. This allows the measurement of
the small complex Kerr rotation angle to be converted into an optical intensity measurement. By measuring the DC, first-harmonic, and
second-harmonic signals of the output light intensity, the complex Kerr rotation angle is indirectly obtained. Furthermore, the complex
Kerr rotation angle is used to measure the magnetic hysteresis loop of the PtCo alloy film, from which the coercivity and the saturation
Kerr rotation angle at the corresponding wavelength are determined. The experiment also compares the Kerr hysteresis loops at different
polarizer angles and analyzes the effect of polarizer angle errors on the measurement results.
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lcos wt —sin wt] ll 0 } { coswt  sin wt} lcos 2wt sin2wt }
= (SA.1)

sinwt  coswt 0 -1 —sinwt coswt sin2wt  — cos 2wt

DRI PAZE i S g o -

1 11 |cos2wt  sin2wt Tp| 1 |(sin2wt + cos 2wt)rp + (sin 2wt — cos 2wt )k (SA.2)
% % sin2wt — cos 2wt k 2 (sin 2wt + cos 2wt ) + (sin 2wt — cos 2wt)k '
) O T DA
2 k 2 2
7 = #[1 —cos (4wt + ¢g)] = (rZ + |k|?) sin (2wt + %) (SA.3)
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Magneto-optical Kerr effect

%% Parameters

Ms=1.6¢6;

a=1100;

alpha=1.6e-3;

k=400;

c=0.2;

Ho=[0:60:6000 6000:-60:—6000 —6000:60:6000]";
Mw = zeros(length(Ho),1);

Hw = zeros(length (Ho),1);

Hw(1) = Ho(1);

MO = 0;

Mw(1) = MO;

Mu0 = 4xpixle—7;
%0 Solver

m = 1;

in = 2;

while in < length (Ho)
if Ho(im) < Ho(in)
if Ho(in)<=Ho(in+1)
in = in + 1;
else
if Ho(in)==Ho(im)
H1=[Ho(in) Ho(im)] ’;
MI1=[MO0 MO] ’;

else

options=odeset( 'RelTol ",1e—4, AbsTol " ,...
le—6, 'MaxStep ’,abs(Ho(in)—Ho(im))./10, "InitialStep ~ ,...

(Ho(in)—Ho(im))./10);

dM dH = @(H, M) dM_dH Fen(a, k, c,...
Ms, alpha, H, M, Ho(im), Ho(in));
[H1, Ml] = ode45(dM_dH , [Ho(im) Ho(in)], MO,

end
if length (Ml1)>2

Mw(im+1:in) = interpl (H1,Ml,Ho(im+1:in), 'pchip ’);

else
Mw(im+1) = Ml(end);

end

Hw(im+1:in) = Ho(im+1:in);
MO = Ml(end);

im = in;

in = in+t1;

end

options );
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14 Xisense

end
if Ho(im) > Ho(in)
if Ho(in)>=Ho(in+1)
in = in + 1;
ejlisle

if Ho(in)==Ho(im)
HI=[Ho(in) Ho(im)]’;
MI1=[M0 MO] ’;

else
options=odeset( 'RelTol ",1e—4, AbsTol " ,...
le—6, MaxStep ’,abs(Ho(in)—Ho(im))./10, "InitialStep ~ ,...
(Ho(in)—Ho(im))./10);
dM dH = @(H, M) dM_dH Fen(a, k, c,...
Ms, alpha, H, M, Ho(im), Ho(in));
[H1, Ml] = ode45(dM_dH , [Ho(im) Ho(in)], MO, options);

end

if length (Ml1)>2
Mw(im+1:in) = interpl (HI,Ml,Ho(im+1:in), 'pchip ’);

else
Mw(im+1) = Ml(end);

end
Hw(im+1:in) = Ho(im+1:in);
MO = Ml(end);
im = in;
in = in+1;
end
end
if Ho(im)==Ho(in)
in = in+1;
end

end
if Ho(in)==Ho(im)
Hl=[Ho(in) Ho(im)] ’;
MI1=[M0 MO] ’;
else
options=odeset( 'RelTol ",1e—4, AbsTol " ,1e—6, MaxStep ...
abs(Ho(in)—Ho(im))./10, "InitialStep ’,(Ho(in)—Ho(im))./10);
dM dH = @(H, M) dM _dH Fen(a, k, ¢, Ms, alpha, H, M, Ho(im), Ho(in));
[H1, Ml] = ode45(dM _dH , [Ho(im) Ho(in)], MO, options);
end
if length (M1)>2
Mw(im+1:in) = interpl (Hl,Ml,Ho(im+1:in), 'pchip ’);
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Magneto-optical Kerr effect 15

else
Mw(im+1) = Ml(end);
end
Hw(im+1:in) = Ho(im+1:in);
MO = Ml(end);
Bw = Mu0 % (HwHViw) ;
plot (Hw,Bw)
function dM dH = dM_dH Fen(a, k, c, Ms, alpha, H, M, Hstart, Hend)
He = H + alpha#M;
if He == 0
He = 1; %+ 5% &
Man = 0; %5 % & ¢ &
else
Man = Ms.x(coth(He./a)—a./He);

end
if Hstart > Hend
delta = —1;
else
delta = 1;
end

dMan dH = Ms.%(coth ((He+le—6)./a)—a./(Hetle—6)—coth ((He—1le—-6)./a)...
+a./(He—-1le—6))./2e—6;

dM = Man—M;

dM dH = dM./(1+c)./(delta.xk—alpha.xdM) + c./(1+c).xdMan dH;

end

2. XFEIHEALEE, AERED, R python RURS, R A LB AFISEIUEE

import numpy as np

import matplotlib.pyplot as plt

from xinsensekf import fgets

x,y=fgets (name="data_ xi.txt”,read=True, dtype="float”)
Xx=np.array (x)

y=np.array (y)

y1=(1-2%5%np.pi/180)x*y

y2=(1+2%5%np.pi/180)*xy
plt.plot(x,y,label=r”$§\Delta\theta=0$")
plt.plot(x,yl,label=r”$\Delta\theta=+5°$")
plt.plot(x,y2,label=r”$\Delta\theta=—5°$")

plt.xlabel (”Magnetic induction intensity B/mT”)
plt.ylabel (”Kerr Corner”)

plt.title ("Hysteresis loops at different analyzer rotation angles”)
plt.legend ()

plt.show ()
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