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Films Measured with Photothermal Deflection Spectroscopy
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Optical absorplion spectra were mcasured a( room temperature by means of photolthermal deflection specirostopy
(PDS) in Co’” -substituted or Co®' -substituted magnetic garnet films prepared by liguid phase epilaxial technique. We
compared the PDS results with theoreiical absorption spectra calcuiated for Co™* and Co’' ions using the ligand-fetd
theory. A satisfactory agroemem has been oblained between the caleulation and (he abservation especially for the case of

Co**-subsdituted films.
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Recently, cobalt-substituted magnetic garnet films are
intensively studied as matertals for magneto-optical
devices'™ since they are known 10 show a large Faraday
rotation in the infrared wavelength region. Both Cao®*
and Co** ions have been known 19 introduce absorption
in the so-called window region of the host crystal.
However, there have been no reports on the details of the
absorption structures in cobalt-substituted magnetic
garnet flms. Absorption spectrum associated with Co®*
and Co®" in tetrahedral site of the garnet structure is only
available for cobalt diluted in a nonmagnectic bulk
crystal.® This is due 10 the difficulty in accurate deter-
mination of small absorpdon coefficient in thin films by
the conventional transmission spectroscopy. It is for
such a case, PDS (photothermal deflection spectroscopy)
technique can show its ability. This technique has proved
to be a sensitive 100l for evaluating an entirely low op-

» lical absorption bands such as (hose introduced by defect
states in a-Si:H flms.&”

In this study, we evaluated the optical absorption spec-
tra in Co*¥-substituted, Co*-substituted and un-
substituted YIG films in infrared region using a PDS ap-
paratus constructed for characterization of photo-CVD
a-Si:H flms® and compared those experimental results
with theoretical analyses.

The samples were grown on (1 1 1) plane of GGG
(Gd;GasO3) substrate by LPE (liguid phase epitaxy)
method. Table [ shows a summary of film parameters of
these films. Cobalt ions substituting the tetrahedral iron
are supposed (o become trivalent, while they are assumed
10 become divalent if germanium ions are doped 1ogether
as compensator. To obtain a bertter lattice matching
substitntion of yurium by a suitable amount of
gadolinium was also carried out.

The principle of the PDS measurement is as fotlows: A
monochromatic light absorbed by a sample causes a tem-
perature gradient in the medium adjacent 10 the sampie

surface by the heat flow brought by a non-radiative relax-
ation process of the excited states. A He-Ne laser beam
grazing the sample surface is deflected by the variation of
the refractive index. The deflected beam is detected by a
position sensilive photodiode, the output of which is
amplified by a lock-in amplifier.

The exciting source for the PDS measurement was a
150 W xenon arc lamp chopped at 11 Hz. The light was
lead 10 an entrance slic of a JASCO CT25A
monochromator. The exit monochromatic light was fo-
cused to a width of 2 mm by a concave mirror on the sur-
face of a sample immersed in a deflecting medium. We
used CCly as the deflecting medium which has a tempera-
ture coefficient of refractive index thousand times larger
than air. In order to extend the length of interaction be-
tween the exciting beam and the probe beam, we laid the
monochromator vertical. so that the image of the slit can
be turned sideways.

The PDS signal was corrected for the spectral response
using the incident light intensity monitored simultaneous-
ly with a thermopile detector. A)l measurements were car-
ried out at room temperature.

It has been reported that for the low absorption
wavelength region the optical absorption coefficient « is
given by (Jackson er al.%)

a=~(/d)In(1=5/Sx). (D

where S is the deflection signal, d the 6im thickness, S
the saturated PDS signal. W¢ estimated the absorption
coefficient from this equation.

Table I. Thickness and composition of magnetic garnet flms

Y,(Fes_,-,C0,Ge,)0y; used in the present experiment.

Film composilion

Sample (wm) X y
unsubstituted 0 ]
¢'o'” -substituted 6.42 0.2 0.2
Co' " -substitvied 10.42 0.07 0



PDS in Co-Substituied Epitaxial Magnetic Garnet Fitms

A conventional transmission spectrum was measured
by means of a single bearn method with a halogen-
tungsien lamp as a light source, the same
monochromator as used for the PDS measurement, a Si
or Ge photocell as a detector and a lock-in detection
system. The transmittance 7 was obtained by taking the
ratio of transmitted lights for the sample and the blank.
Absorption coefficient is calculated by the following
formula,

a(w)= —In T{w)/d, (2)

where ¢ is the sample thickness. Here we paid no con-
sideration of the surface reflection and the mutiple reflec-
tion effect.

Absorption spectra abtained by both measurements
are plotted 1ogether in Figs. 1 and 2. Figure 1 illustrates
the absorption spectra in the unsubstituted YIG film,
with absorption coefficient scaled in logarithmic way.
The similar shape of absorption band is observed in both
spectra. However, the absorption coefficient at the foot
of the absorption band evaluated by the transmission
spectroscopy appears about one order of magnitude
greater than one deduced from PDS. This is caused by
the neglect of the correction for surface reflection. We
tried to make a correclion for the effect vsing the
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Fig. I. The opiical absorplion spectra 'n an undoped YIG flm,
measured by means of PDS (dashed curve) and conventional
lransmission specirosceny (solid curve). Note that the vertical axis is
scaled in logarithmic way.
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reported value of refractive index. However, such correc-
tion often gave improper value of absorption coefficient
due to unreliable evaluation of refractive index. On 1he
contrary, the PDS signal is proportional to the absorbed
light itself and suffers less influence of surface reflection
except that the PDS signal intensity iS reduced.
Therefore, we regard the spectra obtained by PDS as
more reliable for YIG films. For unsubstituted Y1G film
it is important to cvaluate the absorption coefficient at
the window wavelength region for the characterization of
the films. The value is found to be about 10 cm™', which
is reasonable for lm samples, although it is much larger
than that observed in bulk crystals,

Figure 2 shows absorption spectra in Co?*-substituted
and Co’*-substituted films. Absorption bands are ob-
served in the window rezion of the host crystals. The
energy positions and line <hapes are very close to those
reported for Co*™ and Co™ ' inn Y \G.” In addition, the ab-
sorption structures appe.ir just ac the energy positions
where the structuros in Faraday ard Cotton-Mouton spec-
tra were observed.” In order to know the net contribu- |
tion of cobalt jons, we substracted the absorption of the
unsubstituted YJG film from the observed absorption
spectra of cobalt-suhstituted films. The results are shown
by dashed lines in Figs. 3(a) and 3(b).

Taking into account the absorption in YAG:Co,” ob-
served absorption bands can be assigned to the ligand-
field transitions, *A,=*T,(*P) for Co** and *E~°T, for
Co’*. In the previous studies we have successfully ex-
plained the spectra of Faraday effect and Cotton-Mouton
effect in cobalt-substituted magnetic_garnets in terms of
these ligand-field transitions considering the molecular
field and the spin-orbit interaction.*®

We calculated the absorption spectra based on the
same Lheoretical procedure as in the analysis of the
magneto-optical spectra, using the same fitling
parameters adopted in the previous siudy.

Absorption spectra a(w) of Co ion in YIG can be
calculated by the following formula:

-

)
=C Caor)
a(w) ,azl (Wi—wt+ , + (2(0)’-‘)2,

Q)

Here, C is & constant, P], w; and y, are a transition
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The optical absorption spectra in (a) Co*” -substituted and (6) Co® * -substituted YIG films. measured by means of PDS

{dached cnrved and conventional transmission spectroscoov (solid curve).
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parameter —220 cm ™' and the ling-width 500 cm ™.
Table I11. Paramcters used for the calculation of absorption spec-

trum: P, is @ transition sirengih. w, 2 Iransition cnergy and y, a damp-
ing constan( in the i-th transition.

(a) Co**-substituted ms
Transition: ‘A J/=3/D='T(J'=5/2.3/2,1/2)

Mouton spectra in Co**-substituted YIG.

As regards the Co**-substituted film, the agreement be-
tween dashed and solid curves was rather poor. We
calculated the absorption spectrum 1aking somewhat
different values of parameter from those listed in Table
II: we adopted —220cm™! for a spin-orbit parameter
and 500 cm ™! for each line-width. As plotted by a dotted
line in Fig. 3(b) the calculated spectrum skowed a much
improved agreement. However, these parameters could
not provide a good fit 1o the magneto-optical spectra.
This may be due to neglect of a low symmetry crystal
field, which has been pointed out to be essential for Co’*

, . w, 2 Yi
! 7 {em™Y) P, (cm ™)
1 5/2 7382.5 11/20 250
2 3/2 6745 1/5 200
3 172 6362.5 1/4 100
(b) Co’* -substituted flms.

_Transition: = Tt <), 2.3 -

y [ Y ¥

! 7 (cm"’) pi (S )
1 1 8330 3/10 1200
2 2 8110 1/6 1000
3 3 7780

8/15 500

strength, a transition energy and a damping constant for
i-th transition, respectively. Table Il shows the
parameters for eq. (3) which have been determined for
Co?* and Co’* 1o explain spectra of Faraday rotation
and Cotton-Mouton effect. Here, the spin-orbit
parameters are taken as 255c¢cm™' and —110em™' for
Co’* and Co**, respectively. In Fig. 3 the calculated spec-
tra are jllustrated by solid curves for {(a) Co?* -substituted
and (b) Co**-substituted films. Experimental spectra are
plotted by dashed lines. In Co**-substituted film, the
agreement between the calculated and experimental spec-
trum is satisfactory. Thus we got a consistent theoretical
explanation for absorption, Faraday and Coton-

in 74 symmetry.™
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