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Report: 
   We have continued our study of the interesting rare-earth/transition-metal Gd/Co system. The exchange 
interaction between the Gd and Co causes the layers to adopt an anti-parallel alignment, and as a function of 
applied field and temperature, the competition between the layer moments results in a range of complex 
magnetic states. To date, we have concentrated our resonant scattering experiments on elucidating the Gd 
moment configurations as a function of temperature, and in particular we have been investigating the 
moment configuration of the Gd when the system undergoes a spin-flop transition. This magnetic state 
occurs at the compensation temperature when the Gd and Co layer moments are equal. In our current 
experiment we have concentrated on two samples in which a spin flop transition can be induced, at room 
temperature, on application of a magnetic field. Figure 2 shows the magnetization loops of the samples 
studied. 
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Figure 2. Magnetisation loops for the 
samples studied. The spin flop transition 
occurs at 3000Oe (red) and 5000Oe (blue) 



 

We have attempted to fit the magnetization as a function of temperature and simultaneously fit the flipping 
ratio. Whilst we have had initial success (figure 1), we have not been able to reproduce the field 
dependence of either the M vs T data, or fit the field dependence of the flipping ratio.   
Based on our previous extensive studies, we have deposited a CoGd alloy instead of a pure Gd layer. This 
results in a smoother, sharper interfaces with little inter-diffusion as can be seen in the full reciprocal 
space map of the diffuse scatter shown in figure 3. Detailed analysis of reflectivity data obtained during 
this experiment is being conducted (figure 4) 

 
 
 

 
 Due to a problem with the electromagnet, we were not able to apply large fields and the maximum field 
was limited to 800mT. The flipping ratio was recorded at each specular Bragg peak shown in figure 4. The 
flipping ratio was maximum at the 3rd Bragg peak where the charge scattering was low. We have followed 
the flipping ratio as a function of applied field when the field is applied parallel (figure 5) and 
perpendicular (figure 6) to the scattering plane. As can be seen below, the magnitude of the flipping ratio 
changes in applied fields which are greater than the onset of the spin flop. When the field is applied in the 
scattering plane, the steady reduction in the flipping ratio is mirrored by the magnetisation data. In 
contrast, when the field is applied perpendicular to the scattering plane, the changes in the flipping ratio 
show a correlation with the magnetoresistance and not the magnetisation.  
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Figure 5. A comparison of the bulk 
magnetisation as a function of field (blue) 
and the flipping ratio determined with the 
field applied in the scattering plane (red)

Figure 3. Full reciprocal space map of the 
diffuse scatter showing the correlated nature 
of the roughness 

Figure 4. Specular reflectivity (blue points) 
and simulation (red line). The flipping ratio 
was determined at the 3rd Bragg peak. 
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Figure 6. A comparison of the magneto-
resistance (black) and the flipping ratio 
determined with the field applied 
perpendicular to the scattering plane (blue)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


