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Abstract  

                  The magnetic properties of multiferroic GdMnO3 depend on strain which is produced in a 

thin film by growing an epitaxial film on a suitable substrate. We report an investigation of the 

magnetic and optical properties of GdMnO3, as a function of strain, produced by growing epitaxial 

films on the substrates on (LaAlO3)0.3(Sr2AlTaO6)0.7 (LSAT) (100) and (111).  Magnetic measurements 

have shown that at 5K the easy direction of the film is in-plane for LSAT (100) and the canted moment 

is significantly smaller than the value found in bulk material but larger than that  found for  GdMnO3 

on SrTiO3 (100). The coercive field of the GdMnO3/LSAT (100) has also been found to be smaller 

than for bulk single crystal samples but comparable to a thinner film of GdMnO3 grown on SrTiO3. 

The magnetic properties of the film grown on LSAT (111) are very different.  The transition to the 

canted phase is less pronounced and there is no magnetic hysteresis at low temperatures. The 

susceptibility data are fitted with the Curie’s law and the measured magnetic moments for the film on 

LSAT (100) were similar to bulk values but significantly different for films on LSAT (111) and SrTiO3 

(100).  The magnetic circular dichroism spectroscopy showed two features: the charge transfer 
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transition between Mn d states at ~ 2 eV and the band edge transition from the oxygen p band to the d 

states at ~ 3 eV. Magnetic circular dichroism also shows that the transition at around 2 eV is stronger 

in LSAT (100) than in LSAT (111) implying that the structure of the film of GdMnO3 is closer to that 

of LaMnO3 when grown on LSAT (100).  

Keywords 

Multiferroic, antiferromagnetism, magneto-optics, orthorhombic manganites, GdMnO3.  

Research Highlights 

 GdMnO3 (GMO) films grown on different (LaAlO3)0.3 (Sr2AlTaO6)0.7 (LSAT) substrates. 

 GMO/LSAT films have been compared to GMO grown on SrTiO3 (STO) substrate. 

 Strain can be introduced in GMO films by different orientations of LSAT substrates. 

 Different properties of GMO/LSAT have been found to be highly dependent on strain. 

 Optical properties of GMO/LSAT can be measured over a larger spectral range than GMO/STO. 

I.    INTRODUCTION  

      Multiferroic rare-earth materials exhibit ferroelectric and magnetic ordering simultaneously and 

have received a large amount of interest due to the potential of exploiting them in spintronic 

applications.  Investigations of the multiferroic materials started in the 1960’s [1-5].  However, since 

2001 the research in this field has received much interest because these materials have been found to 

have complicated magnetic states at low temperature and also multiferroic properties [2, 6, 7]. The 

magnetic interactions can be calculated depending on the orbital overlap of electrons, using the 

Goodenough-Kanamori rules [6, 8-10].   The manganites can be divided into two groups: a hexagonal 

phase (P63cm) with R (= Ho, Er, Tm, Yb, Y and Lu) which have smaller ionic radii and an 

orthorhombic phase (Pnma) with R (= La, Pr, Nd, Sm, Eu, Gd, Tb and Dy) which have larger ionic 

radii [6, 10, 11].  The boundary between these two groups is between DyMnO3 and HoMnO3.  For 

those compounds that are located close to the boundary in the orthorhombic phase, such as DyMnO3 

and TbMnO3, structural phase transitions occur which have caused them to be studied extensively.  
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GdMnO3 (GMO) is an interesting multiferroic candidate; it has an orthorhombic distorted 

perovskite lattice structure with lattice parameters a = 5.310 Å, b = 5.840 Å, c = 7.430 Å. This is 

formed from the cubic phase by a rotation of the oxygen octahedra in which the a and b axes are rotated 

by ヾ /4 from the original cubic, x, y axes and the c axis is doubled. Magnetic frustration is attributed to 

competing exchange integrals between alternating neighbours that maintain the spiral magnetic phase 

below the Néel temperature TN  [12, 13].  

GMO contains Gd3+ which has a large spin moment, S = 7/2 and g = 2, and hence a large value of 

g[S(S+1)]1/2 as well as Mn3+ , S = 2, where the highest occupied d state is the singly occupied eg orbital 

that is split by a Jahn-Teller interaction. The ionic radius of Gd3+ is located in the region between La 

and Dy ; this causes its physical properties to be a sensitive function of strain. Bulk crystalline GMO 

undergoes a phase transition to an incommensurate antiferromagnetic phase at ~42 K and to a canted 

antiferromagnetic phase at ~ 23 K. A ferroelectric phase is induced at ~ 6.5 K by applying a magnetic 

field along the b axis; the phase boundaries depend on both the magnitude and direction of the magnetic 

field [14-16]. The exchange interaction between the Mn ions is very sensitive to strain, which is why 

there is a coupling between the spin structure and the ferroelectricity.  GMO has a strong optical 

transition at ~ 3.5 eV and a weaker d-d transition at ~ 2 eV, which involves a transition between the 

components of the JahnTeller doublet and hence is strongly dependent on an applied magnetic field 

[15]. This transition gives rise to a clear signal in magnetic circular dichroism (MCD)[4].  

An earlier study of GMO grown on SrTiO3 (STO) was limited by two factors [4]:  firstly there is 

strong absorption from STO above 3.2 eV thus preventing any optical studies above this energy, and 

secondly STO has a structural phase transition at around 110 K which further strains the film but also 

provides birefringence, which makes magneto-optic measurements very difficult.  Both of these 

disadvantages are mitigated for (LaAlO3)0.3 (Sr2AlTaO6)0.7, (LSAT), which has an energy gap at 4.9eV 

[17], hence the absorption in the range 1.5 < E < 4.5 eV is much less than for STO and there is no 
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structural transition. LSAT is cubic but with a slightly smaller lattice constant, 3.868 Å, than SrTiO3, 

3.905 Å .   

In this work epitaxial films of grown on LSAT(100) and (111)  have been investigated and 

compared with earlier work of GMO on SrTiO3 (100) [4].  The different strains and orientation of the 

films on these two substrates give rise to novel effects. 

II. EXPERIMENTAL PROCEDURE  

           The GMO films were grown using RF microwave sputtering from Gd2O3 and MnO2 targets on 

LSAT (100) and (111) substrates. The films, of thickness 100nm, were grown in a mixture of Ar and 

O2 pressure of 0.133 – 0.267 Pa and the substrate temperature was fixed at 650 斎C. The structures of the 

films have been analyzed by x-ray diffraction (XRD) and found to be epitaxial on LSAT (100) and 

(111) substrates. The magnetic properties of the films have been studied at room temperature and low 

temperature, 5 K, using a SQUID magnetometer, to measure the hysteresis loops. The field cooled/zero 

field cooled (FC/ZFC) magnetisation measurements were made by continuously measuring the 

magnetisation while cooling the sample to 5K in the presence of an, in-plane,  magnetic field of        

8×10-3Am-1, and then warming up to room temperature in the same field.  Hysteresis loops were 

measured at 300K and 5K with the magnetic field applied both in-plane and out-of-plane of the films.  

The absorption data have been deduced from the transmission and reflection measurements, which were 

made at room temperature. The films have been studied using magneto-optic spectroscopy in Faraday 

geometry at room temperature and at 10 K using a Xenon lamp and a monochromator over the energy 

range 1.5 eV 3.8 eV [4].  

III. PROPERTIES OF LSAT 

         LSAT has been used widely as a substrate because it grows as an untwinned cubic perovskite 

with lattice parameter a0= 3.868 Å which is an excellent lattice match to both cuprate superconductors 

and the colossal resistive manganites. Our substrates were obtained from MTI Corp; both (100) and 
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(111) substrates had thicknesses of 0.5 mm +/-0.05 mm and were oriented to within  +/-0.50; they were 

polished on both sides and had surface roughness Ra < 8 Å.   No twinning or domains were detected 

by MTI Corp, or in our analysis.  In this study we need to investigate the optical and magnetic properties 

of LSAT so that these effects can be subtracted from our measurements of GMO on these substrates. 

LSAT is a substitutionally disordered oxide containing divalent Sr, trivalent La and Al and 

pentavalent Ta and hence has much local disorder.  The measured transmission, T, at 2eV is ~ 0.8 

which is comparable with the value expected from a smooth transparent substrate, 2

2

1

n
T

n



 = 0.79 

at 2eV using the refractive index of LSAT, which is 2.02 at 2 eV  [12, 18].  The transmission at 4.5eV 

~40% is considerably less than that for a transparent substrate T  0.74 (n = 2.24) indicating that the 

LSAT is absorbing above 3.7eV as shown in Fig.1(a) [17].  These transitions are very weak since the 

transmission was measured on a substrate of thickness 0.5mm.  There is no difference between T 

measured for the two orientations.  The absorption of the GMO can be seen from Fig 1(b) from the 

difference 

 between Figs 1(a) and (b), this is discussed in Section VI.  

 

 

 

 

 

 

 

 

Fig.  1: The transmission spectra (a) for blank LSAT (100) and (111) and (b) after the 

deposition of GMO films.  

2.0 2.5 3.0 3.5 4.0 4.5
0.0

0.2

0.4

0.6

0.8

1.0

 GMO/LSAT (100)
 GMO/LSAT (111)

T
ra

ns
m

is
si

on

(b)

Energy (eV)



6 
 

Many disordered oxides have small magnetic moments, hence we needed to measure the magnetic 

properties of the substrates carefully, so that the results for magnetisation of the films on the substrates 

could be found [19].  The expected diamagnetic contribution dominates in the FC/ZFC magnetisation 

at high temperatures, M ~ 1.7×10-9 Am2 in a field of            8×10-3Am-1 and is the same for both 

substrates in each orientation.  There is a paramagnetic contribution as shown in Figs 2(a) which was 

not visible at room temperature.  
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FIG. 2:  Magnetic properties of blank LSAT (100) and LSAT (111)  substrates. FC/ZFC cooled 

measurements with the applied magnetic field, 8×10-3Am-1, lying in plane. Hysteresis loops 

taken at 300K in (c) and (d); equivalent hysteresis loops taken at 5K in (e) and (f). 

We postulate that the paramagnetic response is from the electrons in the localised states that gave rise 

to the observed absorption for energies greater than 3.5eV . 

Hysteresis loops for LSAT (100) and LSAT (111), were measured at 5 K and 300 K with a 

magnetic field applied in parallel and perpendicular directions, and show very small coercive fields 

when taken at 5 K with the field in plane as shown in Figs. 2 (e) and (f).  This must be due to a small 

contamination.  These effects set the limit of what values can be measured reliably for the films [16, 

19].  All the magnetic results presented for the GMO films in Sections V and VII have been corrected 

for the contributions of the LSAT. 

IV. STRUCTURE OF GMO ON LSAT 

       The structure was investigated by x-ray diffraction. The lattice constant of LSAT is a0= 3.868Å 

compared with those for GMO: a = 5.310 Å, b = 5.840 Å and c = 7.430 Å.  Detailed measurements 

were made for the film on LSAT (100) using CoKg radiation and the results shown in Fig. 3.  The 

results are indexed using Pbnm [20].  

For the (100) substrate we found that there were two dominant orientations, (a) (110)GMO || (100)LSAT; 

[001]GMO || [010]LSAT and (b) (110)GMO || (100)LSAT, [001]GMO || [001]LSAT.  Two other orientations 

occurring less frequently were (c) (001)GMO || (100)LSAT, [010]GMO || [010]LSAT and (d) 

(001)GMO || (100)LSAT, [100]GMO || [010]LSAT.   In structures (a) and (b) the separation of the (110) planes

1/22 2

110

1 1
3.93GMOd

a b


               

Å this needs a small contraction, 1.5% to fit 100 3.868LSATd  Å.  There 

is an expansion of 4% and a smaller contraction 2% that occur in plane as the GMO [001] and [110]

axes respectively fit to LSAT [020] or [002] as given in Table I.  For cases (c) and (d) the misfit 
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between the planes GMO (001) and LSAT (100) forces an expansion of 4% along [001] (001 7.430GMOd   

Å and 2 100 7.736LSATd   Å) and there are also contractions in the two in-plane lattice vectors GMO [100] 

and [010].  Thus the majority of the film has the plane aligned with the least strains. The results are 

summarized in the following Table I. 

 

Table I:  The separations between planes and the strains induced along the axes perpendicular to the 

planes by the epitaxial growth modes for GMO on LSAT (100) and LSAT (111). 

 

The XRD results for the LSAT (111) and GdMnO3/LSAT (111) samples are shown in Fig. 4. On the 

LSAT (111) substrate, the highest peaks correspond to the GMO(202) and GMO(022) planes.   The 

separations of the (202) and (022) planes are given by 

1/22 2
1 1 1

2 a c


        
     

=2.16 Å and 
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4% 

(011) 1/22 2
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b c


        
     

 

乞3% GMO[100] on 
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3% 
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1/22 2
1 1 1

2 c b


        
     

= 2.30 Å respectively which need to be compared with the separation of the 

LSAT (111) planes of
3
oa

=2.23 Å thus leading to a 3% expansion and a 3% contraction, 

respectively, as given in Table I. 
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FIG. 3: (a) Part of the symmetrical spectrum using CoKg radiation (b) Pole figure for (111) 

film reflection, 2し=300, (c) く-scan  = 45, 2し=38.30, LSAT (011) (d) く-scan =62, 2し=30.00, 

GdMnO3 (111) and (e) く-scan =28, 2し=29.940, GdMnO3 (111). 

 

The two LSAT lattice vectors lying in plane are LSAT[110] and LSAT[112] with lengths 02a = 

5.47 Å and 06a =9.47 Å respectively.  The GMO lattice vectors are [010] and [101] with lengths 

5.84 Å and 9.13 Å respectively, relevant for the GMO(101) plane, and [100] and [011]  with lengths 

5.31 Å and 9.13 Å respectively, relevant for GMO(011).  The best fits for the GMO(101) plane are 

GMO[010] on LSAT[110] and GMO[011]on LSAT[112] and those for the GMO(011) plane are 

GMO[100] on LSAT[110] and GMO[011]on LSAT[112].  The strains, defined as 

100LSAT GMO

GMO

d d

d


 , are given in Table I. 

 

 

 

 

 

 

 

 

 

 

 

FIG. 4: Symmetrical spectra of LSAT and GMO/LSAT (111) showing the peak at around 400.                                                                                                                            
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V. MAGNETISM       

 The magnetism of the films was studied and the results compared with those obtained for bulk GMO 

in order to investigate the effects of the epitaxy induced strain. In bulk there is a strongly temperature 

dependent paramagnetic response along both the b and c axes and hysteretic magnetisation occurs along 

the b axis [15].  

We have measured field cooled (FC) and zero field cooled (ZFC) magnetisation in a field of       

8×103 Am-1 with the magnetic field in plane for the films as shown in Fig. 5(a) and (b).  Hysteresis 

loops were measured at 5 K.  The hysteresis loops showed two contributions, a part that varied linearly 

with the applied field at fields greater than 2×105 Am-1 and a part that showed hysteresis; the data is 

shown in Figs. 5(c), (d), (e) and (f).  The raw magnetic data from the LSAT substrates (shown in Section 

III) has been subtracted from the raw magnetic data for the film on the substrate in order to obtain all 

the data shown here.  

      The FC/ZFC results for the films are shown in Figs. 5(a) and (b). The FC/ZFC plots lie almost top 

of each other for all temperatures but for both films a larger difference appears between the FC and 

ZFC plots for temperatures less than ~ 25 K.  The plots for the film on (100) show a clear transition at 

~ 25 K however the transition is more rounded for the film on (111). 

The inverse susceptibilities found from the ZFC plots, as illustrated in Figs. 6 (a) and (b), show two 

distinct regions in which a Curie law dependence is observed, these depend on the substrate.  Above 

about 30K there is a paramagnetic contribution from Mn as well as Gd ions which is described by 

Curie’s law 
high

high
high

C

T






 as seen in bulk samples, for a single crystal and a polycrystalline powder, 

where the measured value of 2 2 2( 1) ( 1)high Gd Gd Gd Mn Mn Mnp g S S g S S     was close to the free ion value 

of 87 [4, 21, 22].  There is a second region that is also well described by a Curie law for 8< T < 30 K, 
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where the Mn spins are canted but the Gd spins are still disordered,
low

low
low

C

T






, so that 

2 2 ( 1)low Gd Gd Gdp g S S  63.  This region is shown on an expanded scale in the inserts to Fig. 6. 
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FIG. 5: (a) The FC and ZFC plots taken in an in-plane field of H = 8.0×103 Am-1 for the 

GMO film on (a) LSAT (100) and (b) LSAT (111);  Magnetic hysteresis loops of the 

film taken at 5K with the applied magnetic field in both parallel and perpendicular 

directions for the film on (c) and (d) on LSAT (100) and (e) and (f) on LSAT(111). In 
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all cases the magnetic contribution from the substrate has been subtracted as shown in 

these figures. 

The measured values of 2effp and  for the films, in high and low temperature regimes are given in 

Table II where it is seen that the observed values of 2
highp measured in the high temperature range are 

close to those expected for free spins for the film on LSAT (100); however those for the film on 

LSAT(111) are systematically low.  The values of high  found in the high temperature range for both 

films are close to ~ 50 K, larger than the 35 K observed in bulk material, this quantity is dependent on 

the competition between different interactions and hence is very sensitive to a change in the strain [19].  

The ferromagnetic value of low for the film on LSAT (100) corresponds to the ordering of the Gd spins 

that is observed in bulk at ~ 7 K.  This appears to be occurring at a slightly higher temperature ~11 K 

(in our definition of   in the Curie law a positive   corresponds at antiferromagnetism and hence a 

ferromagnetic transition temperature TC corresponds to a negative value of  ).  Different behaviour is 

seen for the film on LSAT (111) where low is positive implying that the change in the interactions due 

to the strain causes the Gd spins to tend to order antiferromagnetically. 
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FIG. 6: (a) The inverse susceptibility obtained from ZFC measurements of GMO/LSAT 

(100) and (b) GMO / LSAT (111), where the magnetic field was applied in-plane; the 

contributions from the substrates have been subtracted, the insets in (a) and (b) show 

the low temperature regions; (c) the inverse susceptibility of the film of GMO /STO 

(100). 

The different ordering of the films is seen clearly from the hysteresis loops found after subtraction 

of the signal from the substrate, shown in Fig 5 (c), (d), (e) and (f).   Comparing the loops for the film 

on LSAT (100) the magnetisation and hysteresis are greater for the field in-plane. In bulk material the 

easy direction and the largest moment occur along the c-axis and this direction lies in plane for the 
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dominant orientation [21]. The observed magnetisation at which the hysteresis disappears is 0.26 

(µB/f.u.) for this film is much lower than that observed for a single crystal, 3.75 (µB/f.u.), at 5 K [15, 

21, 23].   The coercive fields are 7.6×104 Am-1 and 3.2×104  Am-1 for fields parallel and perpendicular, 

respectively, which compare with the bulk value of 9.6×104  Am-1 [21, 22].  Hence the strain due to 

epitaxy on LSAT (100) has led to considerable reduction in the canted magnetisation. This implies that 

the strains that develop in bulk material as a result of the canting have been suppressed by the epitaxy 

with the substrate [14].  

There is no hysteretic behaviour for the Gd ordering of the film on LSAT (111) which is consistent 

with the antiferromagnetic observed for this film.   Hence the very considerable distortions described 

in Section IV have caused a qualitative change in the ordering of the Gd spins.  

Table II: The measured effective moments and Weiss constants of GMO/LSAT (100), LSAT (111) 

and STO (100) in the high and low temperature regimes. 

Sample GMO/LSAT(100) GMO/LSAT(111) GMO/STO(100) 

2
highp  84±5 71±7 76±10 

2
lowp  68±7 52±10 45±10 

しhigh 42 ± 5 47 ± 5 43±5 

しlow -12 ± 2 6± 2                      8± 2 

 

 

VI. OPTICAL ABSORPTION 

           The transmission spectra of blank LSAT (100) and (111) compared with that for  

GMO/LSAT (100) and LSAT (111) as shown in Fig.1 (b) have been used to obtain the absorption of 

the GMO films, as shown in Fig 7. The spectral range where LSAT is transparent has allowed us to 

make measurements over a larger spectral range up to 4.5 eV, as compared with 3.2 eV for STO.  
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The absorption spectrum of bulk GMO starts to appear with a small peak at the energy of 0.75 eV and 

rises approximately linearly to ~ 2.5 eV and then linearly again with an increased slope up to 3.5eV 

[7]. The absorption at higher energy is attributed to the charge transfer transition from O 2p to Mn 3d. 

The origin of the absorption peak observed for LaMnO3 near 2 eV has been debated for a long time 

[2]. Recently, however, it has been shown convincingly that the 2 eV peak should be interpreted as an 

inter-site transition across the Mott gap [7]. The optical absorption for the films agrees with 

measurements on bulk GMO because the absorption rises approximately linearly with energy up to E 

~ 2.5 eV and then more rapidly at higher energies.  The peak that is seen at ~ 2 eV due to an inter-site 

transition across the Mott gap in LaMnO3 is suppressed in GMO due to distortions [7].  The absorption 

at energy above 3eV is attributed to the charge transfer transition from O 2p to Mn 3d [2, 4]. 

 

 

 

 

 

 

 

 

 

 

FIG. 7: Absorption measurements of GdMnO3/LSAT (100) and GdMnO3/LSAT (111) in       

1.75 < E < 3.5, the inset shows the absorption in 3.5 < E < 4.5. 
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VII. MAGNETO-OPTICS 

           MCD measurements were taken for both blank substrates and films on the substrates in Faraday 

geometry using a photoelastic modulator [24, 25]. Results for GMO/LSAT (100) and LSAT (111) are 

shown in Fig. 8(a), where the contribution to the MCD of the substrate has been subtracted from the 

measured MCD of the film and the substrate. We find that the MCD for the two films are very similar 

in spite of the differences in their magnetic properties. The spectra have two features: first the peak at 

2eV corresponding to the charge-transfer transition between the Mn d states split by the Jahn-Teller 

effect at ~ 2 eV and the change in slope at 3eV corresponding to the onset of the band edge transition 

from the oxygen p band to the d states at ~ 3 eV [2, 4-6]. It can be clearly seen that the MCD is much 

larger at 10K where the Mn spins are ordered.  In Fig. 8(b) we compare the spectrum taken at 10K with 

that taken at 300K, scaled so the curves have similar magnitudes, in order to compare the spectral 

shapes.  This indicates that the main effect is just a change in magnitude due to the magnetic ordering, 

but that there is a small increase in the MCD magnitude between 2 eV and 3 eV, implying that the Jahn-

Teller splitting has increased slightly at low temperatures.   

 

 

 

FIG. 8: (a) MCD spectra of GdMnO3/LSAT (100) and GdMnO3/LSAT (111) at 10 K and 300 K, 

(b) MCD spectra of GdMnO3/LSAT (100) and GdMnO3/LSAT (111) at 10 K and 300 K where 

300K has been blown up, the effects of substrates have been subtracted. 
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VIII. CONCLUSIONS 

           The strain of the films due to the substrates causes substantial differences in the magnetic 

properties. The magnetic moment obtained in the range of 0.2 µB is due to the canted moments of Mn 

as the magnetic moment of Mn3+ is 4 µB. The canting of the Mn moments is enhanced and a strong 

easy plane anisotropy is induced by the strain caused by the LSAT (100) that is larger than that induced 

by STO(100); this is due to the extra compressive strain in plane along the b axis. The transition 

temperature is enhanced for the film grown on LSAT (100) to ~ 30 K which is higher than the value 

seen in bulk samples, 23K. The canted phase appears to be suppressed for the film grown on LSAT 

(111) and can be induced by a magnetic field of 2.0×105 Am-1. The Curie constant found by fitting the 

ZFC plot to a Curie law is also smaller for the films grown LSAT (111). The in-plane compression of 

the film grown on LSAT (100) causes a strong enhancement of the strength of the inter-site transition 

between Mn ions and a large enhancement of the MCD around 2 eV relative to the films grown on STO 

(100).  In contrast the MCD is suppressed for the film grown on LSAT (111). Absorptions at lower 

energy originates from the Mn (3d) electrons transition, while the absorption at higher energy is 

associated with the charge-transfer transitions between O (2p) and Mn (3d) states. Using LSAT (100) 

and (111) allows us to make measurements over a larger spectral range above 3.25 eV compared to 

SrTiO3 (100), because the STO is absorbing more strongly than the LSAT substrates for E > 3.2 eV. 

Large changes may be induced in GMO by growing thin epitaxial films on suitably chosen substrates. 

In particular a marked enhancement of the saturation magnetization and the coercive field may be 

obtained by growing on LSAT (100). 
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Figures Captions 

 

1. FIG. 1: The transmission spectra (a) for bare LSAT (100) and (111) and (b) for GdMnO3 

films on the substrates. 

2. FIG. 2:  Magnetic properties of bare LSAT substrates observed with the magnetic field lying 

in plane for LSAT (100) and LSAT (111) respectively; (a) and (b) field cooled/zero field cooled 

magnetism with, (c) and (d) hysteresis loops at 300K for LSAT (100) and LSAT (111) 

respectively (e) and (f) equivalent hysteresis loops taken at 5K.  

3. FIG. 3: (a) Part of the symmetrical spectrum using CoKg radiation (b) Pole figure for (111) 

film reflection, 2し=300, (c) く-scan  = 45, 2し=38.30, LSAT (011) (d) く-scan =62, 2し=30.00, 

GdMnO3 (111) and (e) く-scan =28, 2し=29.940, GdMnO3 (111). 

4. FIG. 4: Symmetrical spectra of LSAT and GdMnO3/LSAT (111) where the peak has been 

blown up at ~ 400.                                                                                                                                                                                                                                    

5. FIG. 5: (a) The FC and ZFC plots taken in H = 7962 Am-1 for the GMO film on LSAT (100) 

for the field in plane and perpendicular to the plane of the film; (b) Similar measurements taken 

for the GMO film on LSAT (111). The magnetic contribution from the substrate has been 

subtracted (c) Magnetic hysteresis loop of the film on LSAT (100) taken at 5K with applied 

magnetic field in parallel and perpendicular directions; (d) Similar measurements taken of the 

film on LSAT(111). In all cases the magnetic contribution from the substrate has been 

subtracted. 

6. FIG. 6: (a) The inverse susceptibility obtained from ZFC measurements of GdMnO3/LSAT 

(100) and  (b) GdMnO3/ LSAT (111), where the magnetic field was applied in parallel and 

perpendicular to the sample, the effects of substrates have been subtracted ), the insets in (a) 

and (b) show the low temperature regions. (c) The inverse susceptibility of the film of 

GdMnO3/STO (100). 
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7. FIG. 7: Absorption measurements of GdMnO3/LSAT (100) and GdMnO3/LSAT (111) in 1.75 

< E < 3.5, the inset shows the absorption in 3.5 < E < 4.5. 

8. FIG. 8: (a) MCD spectra of GdMnO3/LSAT (100) and GdMnO3/LSAT (111) at 10 K and 300 

K, (b) MCD spectra of GdMnO3/LSAT (100) and GdMnO3/LSAT (111) at 10 K and 300 K 

where 300K has been blown up, the effects of substrates have been subtracted. 

 

Tables of Captions  

1. Table I:  The separations between planes and the strains induced along the axes 

perpendicular to the planes by the epitaxial growth modes for GMO on LSAT (100) and 

LSAT (111). 

2. Table II: The calculated and measured Curie constants of GdMnO3/LSAT (100) and LSAT 

(111). 

 


