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1. Introduction

There have been a rapld development in the fleld of magnetooptical(N0)
recording in recent years[l]. M0 media suited for short wavelength recording
to get higher recording density of next gemeration are extensively studied,
For this purpose, nusber of studies in the periodic structure of ultra=-thin
films, such as Pt/Co and Pt/Fe aultilavers have been attempted[2-4], because
not only they show a large MO effect in short wavelength region around 300 nm
but alec they have perpendicular anisotropy.

Only a few works have been done on the phyaleal orlgin of MO effect in
these multilayers[5-7). In order to get further insight into the electronlc
structures which causes the short-wavelength M0 effect, it is necessary to
investigate M0 spectra for wide range of photon energies.

This chapter is devoted to show the importance of M0 specira for studies
of multilayers, as well as to introduce a measuring technigue for spectra of
magnetooptical rotatlon and ellipticity.

2. E1 Theory of 1 Effect[s]

In & phenomenclogical treatment, a medium through which elsctromagnetic
waves traverse is treated as a i with a dislactric p 1 sor
&; ;. If the medium is isotropic, only the diagonal elements €;; survive with

e disgonal clements boing degencrate; i.c., €,.=€,.=€... When a magnetic
fiold is spplicd or a magnetization appears, saj. i 1he s~directivm, the
dielectric tensor becomes to posseas non-vanishing off-diagonal alements,
€,,==€,, and the degeneracy of diagonal terms is lifted in the z-directiom,
+fls 1¥ading to the expression,

Egy gy O
€ =6, €, O (1)
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The permeability tensor elements €;; can be rolated to the conductivity
tensor elesents a;; by the following expréssion:

€35 = g ¥ logiwe,, (2

the conductivity tensor being suited for discussing metallic materlals in
which dielectric constant diverges towards low frequencies.

of al wives in the medium with the dielec-
trie bility tensor by eq.(1) can be trested by Maxwell equa-
tion.
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E = E, exp{-iwt) exp(iufiz/c)
B = B, exp(-iwt) explivfz/c)

Here ¥ ia the complex refractive index given by = n + ik. Applying eq.(4) to
q.(3) and eliminating B, we get the following equation.

-REE) E+ (P T-8) E=0, (5)
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whera & ﬂlnd.l for the unit vector for z-direction.
In order to abtain a non-trivial solution the Zollowing meculsr squa-
tion should hold.
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From this equation we get eigenvalues of #" as follows:
LA S 3 L [44]

the plus and minus signs wmﬂpnuim: to smhtu with rlghl.‘-l:uﬂlll.r

polarization (RCP) and left (LCP),

tion (7) shows that the off-di 1 dielectric element is tial to opti-

cal activity, since RCP and LCP are degenerate when €, vanishes.
Bubstituting the expressions

B =, + ik,

[£:}]
A* = e+ ik
q.(7), and then putting Jo = o, - o_ and dk=k, - &,
we get the following relations between E”;-En.‘n‘ev' and do or Jk.

&gy’ =ndk + kAn
5 (@

£g" = kdk - ndn
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Paraday rotation Bz and Faraday ellipticity /jy can be related to Jn and
Ak by next equations:

8p = - Anl/2e

(10}
ap = - Akl/2e.

we can roal and i part of off: 1 elemant of
dielectric permeability temsor with Faraday retation and ellipticity as fol-
lowa:

€y’ = - (2601} (ol + K8p)

Egy” = = (2¢/Wi)(kfp - £Bp).
Fext, we deal with the MO effect of reflection (M0-Kerr effect). Complex

amplitode retlectivity By for RCP(+) and LCP(-) can be given by the mext
forsula:

{11)

Fy= (1= /(L4 By, 12)

& sisple derivation, we obtain an expression for the complex Kerr
rotation dg = 8 + iffy as given by

# = ~(1/2) 1 (F/Fy). {13)

Substituting the F3 in eq.(13) by eq.(12), we obtmin to the firat order of
eyt

o = ey lill = ey (14)
This expression tells that M0 Kerr effect can become large with the same value
of the off-di 1 element, when the i in eq.(14) tzkes a small

value. This occurs at the plasma frequency where the resl part of €., vanish-
en.

From eq.(14) real and imaginary part of £, are formulated in terms of
linear combination of Eerr rotation and elllptltﬂ! using o and k as in the
following relations:

Ery' =AG - B

(15)
Epy' = B O + ATy,
whare A and F can be expressed by
A= n(l =a" +3K)
(18)
B = k(1 - 30" + &)
Thus from the i 1ly cbtained Kerr rotation and ellipticity

values one can calculats the real and imaginary part of off-diagonal element
of permeability tensor, provided that optical constants o and k are known.
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For the sake of discussing HO materials, it is important to obtain off-
diagonal element of dielectric tensor, alm:e E_v“ therefore o, as well, ecan
be directly lated with the sl stificture as will™be described in
the next saction.

3. Quantum Theory of Magnetooptical Effect

off-diagonal element of the optical conductlvity Oxy evaluated by quan—
tum mechanics is given by

y = {o7/2ta?) EE{It:_l.ﬂl‘-llx,;.,l’mw..'-(m.'n'} an
to) fu)

where x:=F; + is; x VW i
action[10]" In this Toraeks,
and unoccupied states.

For the purpose of discussing the magnetoopticel s:pectra evaluation of
imaginary part o, (sbsorptive part) is sufficient, since o,,' can be caleu-
lated by xrmerﬁroms relation. 3y taking a limit of [ >% in q.(17), we
ohtain

momenlun operator including spin-orbit inter-
(o] and (u) stands for the susmation on occupied

oy = (XA )§§msa_:.,l*—lrx,}_,l*u(wh). (18)
(o}(w)

lm npa:Lru- of Oy can be obtained by n!llu.ltul! the transition matrix alesent
for entire Brillouin zone k-pointa in the spin-polarized energy band
im‘:‘fnlw taking into acecount the Such cal i
perforaed for Fe(11] and Ni[12] by Callaway’s :rmn showed fairly good agree-
ment with experimental spectra as shown in Figs. 1(a) and 1(b). Recent rela-
tivistic calculation by Ebert’s group provided o,,” spectea for PtFe and PdFe
alloys[13]. *

However, in most of the band calculations only the density of atate
(D05} curve or the joint density of states at best are awv le. They lack
such calculation of transition matrix in spin-orbit bands. As & convenient way
of evaluation of Oyt

agy" = (Re "/ dm"B) {Fop Ty = Fog'pg’} (19}

where F__* is avoraged transition matrix for RCP(+) and LCP(-) and J > joint
density nr states as glven by

Fﬂ.i_'ﬂl
= (1rse) [ {l<a [xgl @ I* ¢ [a 5] 1%} Se-03%. (200
Subtraction between contributions of RCP and LCP in eq. (19) can be

approximated by energy-derivatives of joint denmsity of states, which provided
& satisfactory explanation of MO spectra in CraTey{14] and PtMnSb(15].
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Fig. 1 og," of Fe (a) and Ni (b) evaluated by band caleulation
4. Magnetooptical Measurements

Soveral kinds of measuring techniques have been known for evaluation of

magnotooptical spectra: They are (1) ¥ polarizer (2) Rotat-
ing-polarizer technigue, (3) Faraday-rotstor techni and (4} Betardation
i Since (1)-(3) utilize modulation of the

linear polarization, they are not suited for evalustion of ellipticity spec-
tra. On the other hand, the technigque (4) uses & modulation of the retarda-
tion, which enables of both and elliptici-
ty. In the rest of thie section, the fourth technique [often referred to as
Sato technique) will be described.

4.1. Prineiples of the ion Modulation Techni

In this subsection, we briefly
summarize the principles of technique
described by the author in ref. 16.

A schematical illustration of the
apparatus is shown in Fig. 2. The
light from a monochromator is chopped by
a rotating sector, polarized linearly by
a polarizer with the transsission angle

45" to the vertical axis and

{Hinds Inc. PEN-CF3). The wodulator
causes a retardation expressed by the Fig. 2 A schematical illustration
following formula, of dati dulation techni

&5, sin 2xpt, (z1)

beiween vertical and horizonial polarizations, where ¢, denotes the ampli-
tude of the retardation and p the modulation frequency. 'ﬂu modulated light is
reflected by & magnetized sample placed at the focal point of the mirror
syston and is passed through an apalyzer with the tranesission azis making an
angle of #, to the horizonial plane and is detected by a photomultiplier.

As derived in ref. 16, the intensity I of the light detected by the
photomultiplier ia represented by
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