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Kerr effect enhancement by photon tunneling and possible application
to a new scanning probe magnetic microscope

A. Kikitsu? and C. M. Falco
ARL/Surface Science Division, The University of Arizona, Tucson, Arizona 85721

M. Mansuripur
Optical Sciences Center, The University of Arizona, Tucson, Arizona 85721

Magneto-optical effects are calculated for the film stack consisting of hemisphere glass/magnetic
film (10 nmy/air gap d nm)/glass plate. Polarized ligiivave lengtk=800 nnj is irradiated through

the hemisphere glass in the total internal reflection configuration. A typical amorphous rare
earth-transition metal alloy is used for the magnetic layer. We find a large monotonic change in the
figure of merit(product of the reflected amplitude of light and the Kerr rotation gragea function

of the air gap, ranging from 1 to 800 nm. Similar results are obtained for a magnetic film with a 10
nm SiQO, protective layer and for a 1-nm-thin magnetic film. This phenomenon is mostly caused by
a change in the reflectivity at magnetic film/air interface due to photon tunneling. The difference in
the figure of merit between perpendicular and longitudinal magnetization is about 0.6°. These results
imply that it might be possible to obtain an image of perpendicular magnetic moment with photon
scanning tunnel microscopySTM). This method can be combined simultaneously with a
conventional atomic force microscope or STM. 198 American Institute of Physics.
[S0021-89708)53511-9

I. INTRODUCTION condition and estimate them from the view point of the fig-

ure of merit, which corresponds to the detected intensity.
Then we discuss the possibility of a new scanning probe
magnetic microscope using the photon tunneling phenom-

In the total internal reflectioTIR) mode, light irradi-
ated from the first medium with refractive index to the
second medium witm, (n;>n,) is completely reflected at
the boundary, and the electromagnetic field in the second®"°M:
medium, which is called an evanescent field, decreases ex-
ponentially with the distance from the boundary. However,|l. CALCULATION

when a third medium with refractive index exists close to Numerical calculations were performed by the program
the first medium, the evanescent wave is converted to RMULTILAYER ™5 with a configuration shown in Fig. 1. This

propagating wave at the second boundary. This phenomengyqram solves Maxwell's equations at flat interfaces with-
is called photor; tu_n_nelln@.'!'he photon scanning tunnel mi- 4 any approximations. A linearly polarized lighvave-
croscope(STM)” utilizes this phenomenon. A scanned fine |o o 800 nmirradiated through the hemisphere glass at an

tip is used as the third medium, and the morphology of thegje g greater than the critical angle. The values of the
first boundary(distance form the tipis detected as a change gjglectric tensor of a typical amorphous rare earth-transition

in the intensity of the converted light. , ~metal alloy with perpendicular and longitudinal magnetiza-
When the incident light is linearly polarized and the first ;o \were used for the magnetic layer.

medium is a magnetic film, magneto-optiddlO) effect,
that is, a rotation of the polarization angle, will be observed
both in the reflected and the converted light and also will be”l' RESULTS AND DISCUSSION
changed with the distance from the tip. This leads to a scan- A change in the figure of mef{FOM): EX 6,, E: am-
ning probe magnetic microscope, which has the advantageqditude of light, 6, : Kerr rotation angléof the reflected light
of being sensitive to low magnetization materials and having
no magnetic interaction between probe and sample. Safarov
et al. reported such a microscope using a pulsed magnetic
field to a Co thin film samplé.However, no static magneti-
zation image was reported. A weak MO signal in the con-
verted light appears to be a problem in this microscope sys-
tem.

In this article, we calculate MO effects in a hemisphere magnetic film
glass/magnetic film/air gap/glass plate system in the TIR air d nm

dpermanent address: Materials and Devices Research Laboratories, Toshiba
Corporation R&D Center, Kawasaki, Kanagawa 210, Japan. Electronic
mail: akira.kikitsu@toshiba.co.jp FIG. 1. Configuration used for the calculations.
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FIG. 2. Figure of merit(=amplitudex 6,) of the reflected light vs the air
gap for glass/MO materigllO nm)/air (d nm)/glass plate P-polarized in-
cident light and perpendicular magnetization were assumed.

air gap, d (nm)

FIG. 3. Figure of merit val, for the longitudinal magnetization case.

evanescent wave. FOM from hemisphere glass/magnetic film
interface is estimated to be¢0.1° and that from magnetic

against the air gap for §=60°, 70°, and 80° is shown in

material with thickness of 10 nm. The incident beam has
unit intensity and ig polarized, that is, the direction of the
polarization is perpendicular to the film surface. Although a
large 6, more than 2°, is obtained at a couple of specific
conditions,E tends to be small in such cases, so the FOM i
small. As can be seen, the FOM increases monotonically
with decreasingl. For #=60°, the change in the FOM is as

large as 0.6°, which is larger than the FOM for the case of L B 2 s e ) e A R o
normal incidence of 0.13°. The result for the longitudinal 7>
magnetization is shown in Fig. 3. FOM has rather complex 3 o2l
dependence but the change in the FOM is less than 0.1. o~
It is clear that the detected MO signal almost corre- £
sponds to the perpendicular magnetic moment from the re- :‘5 i
sults of Figs. 2 and 3. A difference in the FOM between X
perpendicular and longitudinal magnetization cases is shown i 00|
in Fig. 4. When the direction of an analyzer is set to be EE
crossed to that of the polarization for lardease, the signal & |
intensity becomes large with decreasidg Therefore, it ®
might be possible to utilize this phenomenon for a new scan- E‘j
ning probe magnetic microscope by using a fine glass tip § 02[
instead of the glass plate. E
The change in FOM is caused by the change in the re- $ i
flectivity at magnetic film/air interface according to the ex- ;50
tent of photon tunneling. That is, FOM changes from the %
value of glass/magnetic film/glass configuratias=0) to 04 N
that of TIR configuration §=«). In the calculation of |

FOM, a contribution of multiple-beam interference within
magnetic film and air gap is included. When a fine glass tip
is used for the glass plate in Fig. 1, such an interference does

; P . . film/gl interf =0) i timated to b th
Fig. 2. The magnetic film is a perpendicular magnetized MO(; 239 ass interface ¢=0) is estimated to be more than

for #=60°. Since FOM for largal value is indepen-

%ent of the occurrence of the scattering, FOM change is ex-
pected to be more than 0.57° f6=60°.

Though a possible problem is that almost all of the de-

tected light comes from the area where the tip is not posi-
Yioned, this light can be eliminated when the direction of an

10°

10

10

10°

air gap, d (nm)

not expect to occur. However, FOM .Change is not thought GG, 4. Difference in FOM between the perpendicular and longitudinal
decrease so much even when the tip completely scatters thegnetization cases for glass/MO mate(id nm/air (d nm)/glass.
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U L R magnetization and morphology would be possible by com-
bining our method with a conventional STM or atomic foce
microscope.

In order to examine the feasibility of this method, MO
effects were calculated for various film configurations. Fig-
ure 5 shows the results for 633 nm wavelength, for a mag-
netic film with a 10 nm SiQ protective layer and for 1 nm
magnetic film. Similar results to that shown in Fig. 4 are
obtained. This method is useful for magnetic film with a
dielectric overcoat and might have the capability for ultrathin
magnetic film.

IV. SUMMARY AND CONCLUSION

A magneto-optical effect for the film stack of hemi-
sphere glass/magnetic film/air gap/glass plate is calculated in

figure of merit, Ex0,(perp) — Ex8,(long) (deg.)

A=633nm . the total internal reflection condition. It is found that the
)W E with SiO, overlayer — figure of merit(FOM) of reflected light changes monotoni-
--------- MO lnm cally as a function of the air gap. This phenomenon is caused
A by the change in the reflectivity at magnetic film/air interface
10° 10 10 10° due to photon tunneling through the air gap. The monotonic
air gap, d (nm) air gap dependence of FOM and a FOM difference as large

as 0.6° between perpendicular and longitudinal magnetiza-
FIG. 5. The difference in FOM between the perpendicular and Iongitudinaltion are found. so it might be possible to app|y this phenom-

magnetization cases for the casexsf633 nm, for magnetic film with 10 t . b ti .
nm SiG, protective layer and for 1 nm magnetic film. Conditions are enon 1o a new scanning probe magnetic microscope.

p-polarized incidentp=60° and perpendicular magnetization.
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