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Report:

In-situ and ex-situ x-ray diffraction measurements of eectrochemically deposited Co on Au/Si(111)
substrates have been recorded, to understand the relationship between Co coverage and distribution, and the Co
|attice parameter. These measurements will ultimately be related to magnetic measurements, to identify the
relationship between the Co lattice structure and magnetic properties.

The behaviour of both 2D contiguous Au layers (Au[111] ~ to the S(111) surface) and dso Auidands
(mostly Au[111] ~ to the Si(111) surface, but also other minority orientations) on the subsequent in-Situ deposition
of Co wasinvestigated, with evidence for epitaxia Co deposts on both the ‘flat’ and the ‘idand’ Au(111) surfaces of
the Au templates. For the ‘flat” Au samples, the Co is aigned with respect to the Au (Co[110] parald to Au[220]
in-plane, and Co[101] out-of-plane), thus with the ¢ axis (the easy axis of magnetisation) perpendicular to the
Si(111) surface of the subgtrate. The Co in-plane lattice parameter a shows an expansion of around 2% at the lowest
coverages, and this parameter gradudly approaches the bulk Co lattice parameter as the Co coverage increases. The
gpectra below were recorded from ‘flat’ Au samples.
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Figure 2 Co(101) pesks out-of-plane (indexed rdative to the L axis of the S
subgtrate) after in-stu deposition of Co. The c lattice parameter (out-of-
plane) shows asmadler % change than the a (in-plane) parameter.
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The Au idands show smilar results even in-situ, with the technical challenge of measuring a proportiondly
much smaler Au(111) surface for Co deposition, and the complications of additiona Au pesks from minority
orientations, epitaxial hcp Co deposits have been observed.

For dl in-gtu samples, the effects of the beam (hole production in the S subgtrate, leading to eventuad Co
dissolution) on the stability of the Co deposit made these measurements extremely sengtive to the correct
electrochemica potentia for stabilisation during in-stu XRD measurements. We found the optimum dectrochemica
conditions and used a meticulous data collection procedure in order to minimize the effect of the Co layer ingability.
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Ex-gtu samples have aso been measured (electrochemical deposition of an Au capping layer to form
AuwCo/Au(idands or 2D)/Si(111)-H layers), and a comparison of these data with the in-situ datais currently
underway, as wdl as afull sudy of the morphology of the saf-organised Au idands or 2D AwSi(111) templates
used for Co deposition.

In summary, in-stu XRD measurements of the eectrochemica formation of Co/AwSi(111) samples have
been successfully performed, with Co coverages of only afew monolayers observed and characterised Structurdly.
In addition to the technica challenges presented by in-Stu dectrochemica measurements, the sensivity of the
semiconductor substrate to the beam required meticulous data collection procedures in order to diminate the effects
of time or Co deposit ingability. These in-gtu Sudies are vital for understanding the initia growth parameters of the
Co layers, and their rdaionship to the magnetic propeties of such systems, with the ultimate aim of tuning the
magnetic properties of such deposits on commerciay relevant (semiconductor) substrates.



