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Magnetization-induced second-harmonic generat®HG) has been used for the study of thin garnet films.

The strong optical absorption of these films at the second harmonic frequency provides a unique possibility to
study magnetic and structural properties of the film surface and film/substrate interface separately. When
studied in transmission at normal incidence all relevant elements of the crystallographic part of the nonlinear
optical susceptibility tensor vanish identically, while a magnetization-induced contribution remains. The purely
magnetic origin of SHG from the interface is unambiguously demonstrated. From measurements of the SHG
rotational anisotropy and magnetic field dependence, the surface is found to have inclusions which act as
nonmagnetic sources of SHG, while the anisotropy causing easy in-plane magnetization is found to be stronger
at the interface with the substrate than at the surface of the film.
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[. INTRODUCTION ented crystallites, defects in the crystal structure, or even
cracking of the film or substrate. A small lattice mismatch is
Ferrimagnetic garnets constitute an interesting group ofometimes deliberately introduced in order to obtain the de-
transparent magnetic materials with large linear magnetosired magnetic anisotropy and easy direction of magnetiza-
optical (MO) effects that make them very attractive for tech-tion. For garnet films grown o100) oriented gadolinium
nological applications. They can accept a wide range of gallium garnet(GGG) substrates the strain is uniaxial, and
dopants which alter their properties in various ways, andwill, depending on the sign of the anisotropy constant, strive
were therefore studied extensively over the past 50 years. to align the spontaneous magnetization either along the an-
Optical components such as modulators, switches, and isolésotropy axis(easy-axis or normal to this axigeasy-plang
tors based on garnets have already found widespread use.The dominant factor in deciding the easy direction of mag-
Recently there has been significant interest in thin garnetetization will, however, often be the shape anisotropy.
films as sensors and indicators for magnetic fields. Garnet The sensitivity of the MO response of garnet films to an
films with in-plane magnetization have been found to be exexternal field is one of the main properties of interest for
ceptionally well suited for magnetic field visualization and imaging applications. It is commonly investigated by mea-
imaging (see Refs. 3 and 4, and references thgréiery  suring the external field dependence of the Faraday rotation
little domain activity and a continuous rotation of the mag-in the spectral region of interest. This, however, reflects only
netization vector in response to an increasing external fieldveraged bulk properties of the film without addressing the
are some of their favorable properties. Films of this typepossibility that there could be a significant inhomogeneity
have successfully been used for imaging magnetic domainscross the thickness of the film. Relaxation of interfacial
recorded patterns in magnetic storage media, currents in mstrain due to lattice mismatch may cause different anisotropy
croelectronic circuits, and for the study of defects, currentsfields and thus different MO sensitivity for the film surface
and vortices in superconductors. and interface regions. A technique that is sensitive to mag-
Garnet films are most commonly grown by liquid phasenetization and capable of distinguishing between surface and
epitaxy(LPE), but also pulsed laser deposition, gel methodsjnterface is needed in order to study these effects.
and other techniques are being used. For imaging applica- Magnetization induced second harmonic generation is a
tions it is particularly important to have high quality, uni- nonlinear optical technique which has a particular sensitivity
form, single-domain films with high sensitivity and little de- to surfaces and interfaces of magnetic materials. In the elec-
fects. These are properties which can be tailored to a largeic dipole approximation nonlinear optical effects of even
degree by substitution and by tuning of the growth condi-order, such as second harmonic generat®HG), are for-
tions. It is, for instance, well known that Bismuth- bidden in the bulk of centrosymmetric media but are allowed
substitution on dodecahedral sites of the garnet crystait interfaces where the centrosymmetry is liffedagneto-
strongly enhances the linear magneto-optical response. Fupptical effects arise due to the breaking of time reversal sym-
thermore, the film and substrate compositions influence thenetry by a spontaneous or induced magnetization. Hence,
lattice matching at the interface. A small mismatch will causenonlinear magneto-optical effects occur only in media where
strain in the grown film, while larger values of the lattice the time reversal and space reversal inversion symmetry are
mismatch may, in addition, cause growth of differently ori- broken simultaneously. This has caused magnetization in-
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duced second harmonic generatifMSHG) to become an

important tool for studying surfaces and buried interfaces

of magnetic material®;'* including antiferromagnetic

systems>16 Previously, an analysis of SHG in garnet films

of different classes of symmetry has been given by Pisarev

et al,'” Gridnevet al,'® and PavloV® —
In this paper we report on an experimental study of SHG

in garnet films with in-plane magnetization, grown for the

purpose of MO imaging by liquid phase epitaxy ¢r00)

oriented substrates. We have chosen the experimental geom-

etry so that crystallographic contributions to the SHG should

vanish completely, leaving only magnetization-induced pG, 1. Experimental setup. The sample, a thin garnet film on a
SHG. Despite a broken space inversion symmetry in thesgGg substrate, is illuminated by femtosecond laser pulses and ro-
films, the surface and interface regions may be studied ind&ated about an axis normal to the film plane in a magnetic field
pendently. This is made possible by a strong optical absorpalong the #-direction. The anglep denotes the rotation of the
tion in the films at the second harmonic frequency, leading t&ample’sx-axis with respect to th&-axis of the laboratory system

a escape depth of about Q2n for light at 2w, and provides of reference.

a very powerful tool for the characterization of the interfaces

of these materials. The observable intensity of radiated light at the second
harmonic frequency is given by the square of the induced
Il. THEORY polarization at 2
The induced polarizatio® in a medium due to an inci- 1(20) o [P(20)[? o< [ + M2 oc [ (|2 + |} (™]2
dent electromagnetic wavé can be written in the electric + 2| [x™|cos AD. (4)
dipole approximation as an expansion in powers of the elec-
tric field of the incident wave A phase difference® betweeny® and y\™ different from
/2 will lead to interference between crystallographic and
P=e(xVE+Y?EE+..). (1) magnetic contributions. Information about the phase is gen-

h ici " he f q q lectri erally lost when measuring intensities, but may be recovered
The coefficientsy™ are the frequency dependent electric using a technique based on interference with an external
susceptibilities of orden. The first order susceptibility gives | ~farence®

rise to Fhe I_inear optiqal response, while the higher order g garnet crystals have cubic symmetry and are cen-
terms give rise to nonlinear optical effects that become 0bg,qymmetric, thereby limiting any SHG to a very thin region
servable for strong incident fields. In _then?resence of @ MaGear the surface or interface where the space inversion sym-
netizationM, each of the susceptibilitieg™ should be fur- metry is broken. In thin garnet films, however, the inversion
ther expanded in powers & symmetry appears to be brok&a? due to what might be a
Sy growth induced distortion of the symmetry along the direc-
X" =y + X M+ ... (2)  tion of growth. This reduces the symmetry of our thin film to
M the tetragonal #hm point group, and allows for crystallo-
graphic bulk contributions to the SHG. In the presence of a
magnetization that causes breaking of the time-inversion
symmetry, also magnetization-induced contributions from

The first term, independent &fl, can be thought of as the

purely crystallographic contribution, while the higher order
terms may only exist in the presence of a magnetization .
These give rise to a magnetic induced contribution. In th he bulk will be allowed.

following we consider only contributions up to first order in Now, consider a PrYSt‘?‘”'”e magnetic t_hm_fllm of point
M group symmetry hmilluminated at normal incidence along

a}hez—direction, and exposed to a transverse magnetic field, as
shown in Fig. 1. In this geometry all elements gf", the
crystallographic part of the second order susceptibility tensor
in Eq. (3), vanish identically, while the nonzero components
of Xi(jTl) arg8.21

In a local frame of reference, the second order nonline
polarization at frequency« induced by an incident fielé
of frequencyw in a medium with magnetizatiom can be
written as

20 _ (e PREPRD) (M) f0 A0

Pi = €oXijk € € * €oXijki € €M (3
where{i,j,k,1}={x,y,z}. HereXi(j‘f(') is a third rank polar ten-
sor representing the crystallographic contribution, ,gh.w is
a fourth rank axial tensor representing the magnetization in- o __ 5)
duced contribution. The symmetry of the medium imposes Xyxoo™ = Xxyyy:
restrictions on the susceptibility tensors according to NeuBoth crystal symmetry and experimental geometry determine
mann’s principle, thereby reducing the number of indepenwhich tensor components contribute to the observable SHG
dent tensor components. signal. At non-normal incidence also crystallographic contri-

A= Xoxxy= ~ Xyyyx

B= Xxxyx= Xxyxx— — Xyxyy = — Xyyxys
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butions would be present for media belonging to tmend Interface
point group. % :
When the crystalline film is rotated an angpeabout the
Z-axis and exposed to a stationary magnetic field along the
Y-axis, the induced polarization at frequency B the sta-
tionary XY Zframe of reference can readily be deduced

Py = MEi%’[(sA— 2B-C)+(A+2B+C)cos 4b] (6)
Pyy = ME)Z(%[(A+ 2B+ C)sin 4] @)

Pyy=M Eé%’[(m 2B - 3C) - (A+ 2B+ C)cos 4p] (8)

YX

Pyy=-— ME\Z,@[(A+ 2B + C)sin 4¢]. 9 FIG. 2. Polar plots of the measured SHG rotational anisotropy
4 I(¢) originating from the film-substrate interface for a full 360
P,; denotes the induced polarization along drdirection due ~ azimuthal rotation of the sample in a transverse magnetic field. The
to an incident wave polarized along thelirection. symbols{X, Y} below each plot denote the settings of polarizer and

For the case of @msymmetry, as can be seen from Egs. analyzer transmission axi_s, respectively. .Opfsn ar_ud filled circles rep-
(4) and (6)~(9), the radiated intensity(2w) is quadratic in  '€Sent measurements with the magnetic field in theand -Y
M, and is therefore not expected to change upon reversal (Sillrectlon. The solid lines represent best fits to the data points.
the direction of the magnetizatio™M —-M.

If the aforementioned experimental geometry is modified Rotational anisotropy measurements of the SHG were
to magnetize the films in the out-of-plaedirection, then ~made by recording the intensity of light ab2as a function
also y'™=0 for symmetry reasons and no SHG will take of the sample angle of rotatiof about an axis normal to the
place. film plane. This was done for light incident both from the

film and substrate side of the sample and for different com-
binations of polarizer and analyzer settings.

ll. EXPERIMENTAL PROCEDURE The GGG material used as a substrate is essentially trans-
parent both to the fundamental beam\at840 nm and to the
second harmoni® The magnetic garnet film also exhibits
low linear optical absorption at the fundamental wavelength,

lium garnet(GGG) substrate was illuminated at normal inci- but h b . h dh i f
dence by femtosecond laser pulses\ef840 nm generated uthas a very strong absorption at the second harmonic fre-
quency of aboutr=5x 10* cmi’? (e=7+i). The linear opti-

by a Ti:Sapphire laser system. The incident beam was fo-

csed 03 spot iz of pproximately 2001 on he sample, % POBEres of 8 sres of et e e ones st
which was exposed to a magnetic field in thelirection, as ’ b y P

shown in Fig. 1. The transmitted second harmonic intensit;?etrIC measurement$.The strong absorption of the second

was detected using a standard photon counting technique i armonic wave makes it pos_S|bIe. to .stud_y the f|Ir_n surface
volving a cooled photomultiplier tubePMT), an amplifier, and interface separat_ely by |Ilum|nat|ng_ it from either the
and counting electronics. The spontaneously in-plane magng_ubstrate or surface side, respectively. Since the escape depth

tized garnet film was exposed to a stationary magnetic fiel J.I'Eht at 2w |f_§pfro>:|n1ﬁtely O'ZTmt’) only z;l_ayter of th's .
to keep the magnetization fixed along theaxis as the ICkness contributes 1o the signal observed in transmission.
sample was rotated.

T_he polari_zation of the incident wave was set using a IV. RESULTS AND DISCUSSION
Babinet-Soleil compensator followed by a Glan-Taylor po-
larizer. An edge filte(RG640 was used to exclude the pos-  The observed SH intensity from the film-substrate inter-
sibility of SH light generated in any of the optical compo- face as a function of the azimuthal angle of the sample is
nents reaching the sample and influencing the measuremenghown in Fig. 2 for a full 360° rotation, and for four different
Similarly, a band-pass filtgiBG39) was placed immediately combinations of polarizer and analyzer settings. The filled
after the sample to filter out the strong fundamental beamand empty points correspond to measurementshit Ehe
An additional filter was used to absorb the strong two-photorsolid lines represent best fits to the data points using Egs.
luminescence ak=520-560 nm exhibited by the samples (6)<9). The obtained best fit parameters, normalized to
under study. An analyzer, also of the Glan-Taylor type, wasA(interfacg=1, are listed in Table I. A very good fit is ob-
placed before the photomultiplier and used to determine th&ined, and no dependence on the direction of magnetization
polarization of the SH light. is observed, in agreement with the expected quadidtic

An approximately 3um thick garnet film of composition
Lu, sBig 57604, grown on a(100) oriented gadolinium gal-
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TABLE |. Parameters of Eq¥6)—(10) giving a best fit to the -

measured SHG rotational anisotropy. All values are normalized to v ‘ﬁ(,’m
A(interfacg=-1. -
-
Reference
Tensor comp. Interface Surface XX XY Ty, -
A -1.00 -0.11 -0.06 0.09 P »
B 0.76 1.42 0.78 1.12 s
C 2.22 0.56 0.31 0.44 .
D2 0.67 1.29 0.64 7
8 quationg6)—<9) are modified with a constaiisotropic and non- - e

magneti¢ term D to account for the observed nonmagnetic contri-
bution to the signal. See E¢L0).

bThis nonmagnetic contribution is only used to fit the data for the
Y'Y configuration.

FIG. 4. Optical microscope image of the approximately orB
inclusions observed on the garnet film surface. Their real size could
be much smaller due to the diffraction limited resolution.

dependence df2w). TheXX andY X curves show a fourfold and unexpected dependence on the field direction. This must

symmetry with only four lobes because the values of thgye aiributed to interference between different sources of
constant terms of Eqg6) and(8) are larger than the ampli- g which respond differently to the change in direction of
tude of the correspondlng adsp) terms. TheXY andYY  he magnetic field. These could either be magnetic domains
curves show eightfold symmetry as expected in the absencg cjysters differently magnetized from the surrounding
of such constant terms. _ _ ___ single crystalline film, or nonmagnetic sources such as inclu-
Figure 3 shows the measured SH intensity originatingsjons or structural irregularities. Note that any dependence
from the film surface, obtained by illuminating the sample o, the direction oM was never seen for the signal from the
from the substrate side. For the configuratiofs YX and  fijm-substrate interface.
XY there is essentially no observable magnetic field depen- The data in Fig. YY) can be described by E¢) if a

dence. The fourfold and eightfold symmetry of these curvegonstant isotropic ternd, independent of bottVl and ¢ is
is in accordance with Eq$6) and (8). The small lobes oc- added

curring in theY X configuration arise because the constant
term in Eq.(8) now is smaller than the amplitude of the
coq4¢) term. In contrast, th&'Y curve shows a pronounced

Py = E%%[D ~M(A+2B+C)sin 44].  (10)
The curves then split forM due to interference between the
magnetization induced and the nonmagnetic contribution, as
shown by the solid and dashed lines.

A distortion of the crystal symmetry could lead to crystal-
lographic contributions to the SHG, but it would be expected
to have some angular dependence. Surface roughness or
clusters could produce magnetic or nonmagnetic domains or
grains with different properties from the rest of the material,
and these might give an isotropic contribution to the SHG.

By studying the garnet film surface in an optical micro-
scope we have found that, in fact, it has small inclusions
scattered across the whole surface. The size of the dots in
Fig. 4 appears to be approximately Qubn, but their real size
could be much smaller due to the diffraction limited resolu-
tion.

Ideally, the fit parameters for both surface and interface
SHG should be the same. The fact that they are not may be
explained by the different local environment. At the interface

FIG. 3. Measured SHG rotational anisotroply) originating ~ there is some strain due to lattice mismatch between film and
from the gamet film surface. The symbols below each plot denotSubstrate, which may have relaxed at the surface. In addition
the settings of polarizer and analyzer transmission axis, respedhere could be gradients in the composition of the film, i.e.,
tively. Open and filled circles represent measurements with th@rowth induced anisotropy.
magnetic field in the ¥ and -Y direction. The solid and dashed ~ The effects of the surface inclusions were further studied
lines represent best fits to the data points. Only for¥ieconfigu- by measuring the dependence of the SH intensity on the
ration a dependence on the direction of the magnetic field is clearljn-plane field strength. With polarizer and analyzer axis ori-
seen. ented along they-direction the sample was rotated to an
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3 OOO® . \0%39 0 B8 = ] FIG. 6. SHG rotational anisotropy measurement of the surface
= of the garnet film with a stationary external polymer reference. The

-25 0 25 -25 0 25 signal for #M can be seen to split due to interference between the
In-plane field (kA/m) In-plane field (kA/m) magnetization induced SHG in the garnet film and the SHG in the
polymer film.

FIG. 5. Dependence of the SH intensity on the strength of the

applied transversgn-plang magnetic field. Empty and filled points . o .
correspond to measurements at two neighboring minima irythe the phase change of in the magnetization-induced contri-

configuration, i.e., ai’ and ¢’ +45°, respectively. The very differ- Pution asM changes sign. A= ¢’ +45° the same mecha-
ent behavior near zero applied field is due to a small in-plane magdism of switching as described for the interface can be seen.
netocrystalline anisotropy which causes different switching behavinterference between nonmagnetic and magnetic sources of
ior of the magnetization depending on its orientation with respect tdSHG is also clearly seen as a difference in signal levels for
the crystal axes. Interference between magnetic and nonmagnetidM .
sources of SHG can be seen as steps in the SH intensity originating The experimental data in Fig. 5 show no evidence of do-
from the film surface, while the interface signal is of purely mag- main pinning by the surface inclusions. The dependence of
netic origin. the SH intensity on the field was measured at in-plane fields
up to 300 kA/m, but remained constant at the levels shown

angle ¢=¢' giving a minimum in the SH signal. For this in the figure. It is not clear what the inclusions are but ap-
Y Y-configuration there are eight equally spaced minima, agarently they cause a nonmagnetic contribution to the SHG
shown by the SHG rotational anisotropy in Figs. 2 and 3from the film surface, most clearly seen in tif& configu-
The SH intensity was recorded as a function of the strengti@tion. Note that a similar effect, though much weaker is
of the applied magnetic field, and the results are shown iPbserved in thexy polarization combination.
Fig. 5 for both the surface and the interface signal. The
empty points represent measurementgat’, which is also
the same orientation at which th€x-configuration gives a
minimum signal, while the filled points were measured at a In accordance with the experimental results of Fig. 3, con-
neighboring minimum,¢=¢’ +45°. For these two orienta- figurationsXX, XY, andYX the radiated intensityEq. (4)]
tions of the sample, the behavior of the SH intensity neaappears not to be sensitive to the phase change iof the
zero applied field is very different. App=¢’ the interface induced polarization ata2 [Egs. (6)—(9)] that occurs when
signal does not show any dependence on the strength of thlbe magnetization is reversell, —-M. To confirm the ex-
applied field. The constant SHG signal even near zero apstence of this phase shift the SH wave from the magnetic
plied field indicates that the magnetization simply flips 180°garnet sample was made to interfere with a SH wave gener-
as the field changes polarity. In contrast, the SH intensityated in a nonmagnetic “reference” samfllé* By placing a
increases strongly near zero applied field for the ¢’ glass substrate coated with a polymer film having large
+45° orientation of the sample. In addition to the fact thatsecond-order optical nonlinear coefficients just after the gar-
the easy direction of magnetization of this film is of the net film we achieve spatial overlap of the SH waves from the
in-plane type, there also exists a small fourfold magnetocrystwo sources. As long as no strongly dispersive elements are
talline anisotropy in the film plane. Because of this magneinserted between the garnet film and the reference sample,
tocrystalline anisotropy the magnetization does not simplhthe fundamental pulse and the SH pulse will also overlap
flip 180°, but appears to first rotate 90° to an equivalent andemporally as they reach the reference. SH radiation gener-
preferred in-plane orientation. This conclusion is supportedited in the polymer film will then interfere with the SH light
by the fact that the peak intensity at zero field is equal to thérom the garnet film. This can be observed as a change in
maximum intensity measured for the rotational anisotropy indetected intensity upon reversal of the direction of magneti-
the XX configuration(Figs. 2 and 3 zation, because the interference term in &g.changes sign.

It is also evident from Fig. 5 that the surface SHG signal This can be modeled by Eg$)—9) by adding a constant
is composed of a magnetic and a nonmagnetic source. Thigotropic termD, as was done in Eq10). The rotational
interference between these gives rise to the different signainisotropy of the total SH intensity is shown in Fig. 6 for
levels for #M as described by Eq4). Also for the surface =M. As the direction of the magnetic field is reversed, the
signal the influence of the in-plane magnetocrystalline anisoSHG from the garnet film experiences a phase shift @ind
tropy on the switching mechanism is evident. When orientedhe interference term of Eq4) changes sign. For th¥X
at ¢=¢’' there is simply a step in the SHG intensity due toconfiguration the intensity is reduced significantly while the

A. Phase-sensitive measurements of SHG
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XY curve splits. The fitting parameters are listed in Table |I. 500 - 1.5
Note that the value of the coefficients B, andC are the 1 * [
same as those found by fitting the surface signal in Fig. 3, 400-] w' -1
only scaled by a factor 0.55 and 0.79 for thX and Y X _~ ] @0..0 3
configurations, respectively. The reason for this scaling is g . S e [ 05 8
that the polymer film absorbs some of the SH light. The g 300 I r ° % : 5
different magnitude of the constant contributiDrfor the XX 2 2 f; ] Lo &
and XY configurations is due to the strongly anisotropic 3 1 ’g £ 3 c
o . . Q. 200 A % z
second-order susceptibility of the stationary polymer film, o 1 .of ® __0_5§
€. Xooxx 7 Xyx & ] °§ % 8
Dispersion in the substrate prevents the same experiment 1004 ﬁ“ £y
to be conducted with the SHG from the interface, however, ] O N :"1
the problem may be overcome by analyzing the spectrum of ] % -
the signaf® 0 A S R L 1.5
600 -400 -200 O 200 400 600
Polar magnetic field (kA/m)
B. Polar magnetic field dependence of the SHG FIG. 7. Simultaneously measured SHG intensity and Faraday

In order to further investigate the surface and interfacegotation of the fundamental beam as a function of the applied polar
magnetic properties in comparison to those of the bulk, thenagnetic field. Results obtained with the garnet sample illuminated
magnetization-induced SHG signal, and thelk) linear Far-  from the substrate side are shown by empty symbols, while the
aday rotation were studied as function of an out—of-planeﬁ”ed symbols represent measurements with light incident from the
magnetic field. The sample was placed in a strong polar mad”m surfape sidg. The data have.been avera'lge.d over measurements
netic field, i.e., along th&-direction, and rotated to an azi- @ken at increasing and decreasing magnetic field.
muthal angle giving a peak in the observed SH intensity. The
intensity of the SH light and the linear Faraday rotation ofthe observed SHG, and also demonstrate that the SHG effec-
the fundamental beam were then measured simultaneously tigely can be switched off using a polar magnetic field. This
a function of the polar field strength up to 600 kA/m. This could find technological applications, for instance as a
was done for light incident from both the substrate and theswitchable element in lasers. The field strength required to
film side of the sample. completely switch off the SHG, that is to orient the magne-

In both cases the strongest SHG signal was observetization in the out-of-plane direction, depends strongly on the
close to zero polar magnetic field. The spontaneous magnehemical composition of the garnet fifhWe have verified
tization of the garnet film is then in-plane. As the magneti-for other garnet films grown on the same substrate orienta-
zation is gradually forced out-of-plane by the polar field, thetion, but with higher concentrations of gallium, that the Far-
SHG signal decreases and eventually vanighesches level aday rotation saturates and the SHG signal vanishes at lower
of PMT background noigeas the magnetization is saturated magnetic fields. The sensitivity can thus be tuned by altering
in the out-of-plane direction. This is shown in Fig. 7. The the composition of the films. Modulation or switching of the
figure also shows the simultaneously measured Faraday r&HG can also be achieved by varying the direction of the
tation of the fundamental beam, corrected for the contribuin-plane magnetization which requires much smaller mag-
tion of the paramagnetic GGG substrate. The Faraday rotaretic fields.
tion appears to saturate at a clearly lower value of the
magnetlc _f|el_d than the SH signal from_bo.th surface anq V. CONCLUSIONS
interface, indicating that the bulk magnetization saturates in
the out-of-plane direction before the surface and interface We have shown, for thin garnet films grown @h00)
magnetizations. Furthermore, it is very interesting to note theriented GGG substrates, that magnetization-induced SHG
different saturation magnetic fields of the SH signal from thecan serve as a powerful interface selective probe of the local
surface and interface. A significantly stronger field is re-magnetic structure. Since the space inversion symmetry in
quired to saturate the interface magnetization in the out-ofthis case is broken throughout the whole film, the interface
plane direction, again demonstrating that the anisotropy aensitivity is not due to symmetry breaking by the interfaces,
the interface, leading to an easy magnetization of the inbut stems from the fact that the onset of strong optical ab-
plane type, is relaxed at the surface. sorption in the garnet films is conveniently located at about

The noise and sudden drop in the SH intensity near zer@.3 eV, in-between the fundamental and second harmonic
field can be explained by the random in-plane orientation ofrequencies.
the magnetization. As demonstrated by the rotational aniso- We have experimentally confirmed that the observed SHG
tropy measurements, the orientation of the in-plane magnetfrom our film-substrate interface is of purely magnetic ori-
zation with respect to the crystal lattice has a large influencegin, as predicted by electromagnetic theory in the electric
on the SHG response. dipole approximation. The surface signal is dominantly of

This experiment demonstrates the applicability of SHG tomagnetic origin but also has a small nonmagnetic compo-
probe surface and interface magnetic properties. In additioment. We have found that this is due to small grainlike inclu-
the results again confirm the dominantly magnetic origin ofsions in the surface of these LPE grown garnet films which
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