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Abstract 

 

 In this thesis the results of magneto-optical experiments will be presented.  The 

experiments were performed on micro-arrays of square nanomagnets in order to 

characterise the static and time-dependent behaviour of the nanomagnets.  The static 

behaviour was investigated in vector-resolved scanning Kerr microscopy experiments, 

while the time-dependent behaviour was investigated in time-resolved scanning Kerr 

microscopy experiments.  In the latter so-called pump-probe experiments, magnetisation 

dynamics were induced by exciting the sample magnetisation with a pulsed magnetic 

field (pump).  The magnetisation dynamics were then detected using the magneto-

optical polar Kerr effect (probe).  The longitudinal Kerr effect was utilised in the vector-

resolved scanning Kerr microscope in order to measure the in-plane components of the 

static magnetisation.  The experimental set-up and methodology of the vector- and time-

resolved scanning Kerr microscopy experiments will be discussed in detail, in 

particular, the detection technique that allows three components of the vector 

magnetisation to be measured simultaneously.  Since the spatial resolution of the 

magneto-optical probe was insufficient to resolve the spatial character of the 

magnetisation dynamics within individual nanomagnets, micromagnetic simulations 

were used to gain insight into the character of the excited modes.  Extensive testing of 

different micromagnetic models was carried out in order to investigate the effect of the 

different models on the simulated dynamics.  The results of measurements carried out 

on the arrays of square nanomagnets revealed that the static and time-dependent 

behaviour of the magnetisation became more complicated as the size of the 

nanomagnets was reduced.  In particular, similar hysteresis loops were acquired when 

the elements were magnetised along the uniaxial anisotropy easy and hard axes, while 

fast Fourier transform spectra of time-resolved signals revealed that the character of the 

magnetisation dynamics changed significantly as the element size and/or applied 

magnetic field were reduced.  Interpretation of the experimental results using 

micromagnetic simulations revealed that the elements had a non-uniform single domain 

ground state magnetisation.  When the field was applied along either edge of the square 

elements and reversed, the magnetisation was found to switch via a series of metastable 

non-uniform single domain states.  Furthermore, the increasing non-uniformity of the 

single domain ground state as the element size and/or applied field were reduced lead to 

significant changes in the mode character excited within the elements.  Comparison of 
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experimental spectra with simulated spectra and Fourier images of the dynamic 

magnetisation revealed that as the element size and/or applied field were reduced, the 

mode character changed from one that occupied the majority of the volume of the 

element, to several modes that were localised near to the edges of the element that were 

perpendicular to the applied field.  Furthermore, deviation of the direction of the 

wavevector of the dynamic magnetisation from the direction of the static magnetisation 

was found to lead to a dynamic configurational anisotropy within nanomagnets.  

Following the presentation of the experimental results, the recent developments for 

future experimental work are presented with the aim to study precessional switching in 

an isolated nanomagnet.  The results obtained in the experiments presented in this thesis 

are expected to lead to a better understanding of the non-uniform magnetisation 

dynamics in square nanomagnets, which have application in future magnetic data 

storage technologies. 
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of 3×3 model arrays are shown. 

174 
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6.4.4 The dependence of the mode spectra and the spatial character of the 

different modes upon the bias field is shown for the 637 nm 

element. 

176 

6.4.5 The dependence of the mode spectra and the spatial character of the 

different modes upon the bias field is shown for the 428 nm 

element. 

177 

6.4.6 The dependence of the mode spectra and the spatial character of the 

different modes upon the bias field is shown for the 236 nm 

element. 

179 

6.4.7 The dependence of the mode spectra and the spatial character of the 

different modes upon the bias field is shown for the 124 nm 

element. 

180 

6.4.8 The dependence of the mode spectra and the spatial character of the 

different modes upon the bias field is shown for the 70 nm element. 

181 

6.4.9 The dependence of the simulated mode spectra and the spatial 

character of the different modes upon the static magnetisation state 

of the 3×3 array is shown for the 236 nm element. 

183 

6.4.10 The simulated total effective field within the centre element of the 

3×3 model arrays are shown. 

185 

6.4.11 Cross-sections of the simulated total effective field within the 

centre element of the 3×3 model arrays are shown for a bias field of 

1 kOe.   

186 

6.4.12 Cross-sections are shown of the simulated total effective field and 

mode FFT magnitude within the centre element of the 3×3 model 

array of 637 nm elements for four values of the bias field. 

188 
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6.4.13 Cross-sections are shown of the simulated total effective field and 

mode FFT magnitude within the centre element of the 3×3 model 

array of 236 nm elements for four values of the bias field. 

189 

6.4.14 Cross-sections are shown of the simulated total effective field and 

mode FFT magnitude within the centre element of the 3×3 model 

array of 70 nm elements for four values of the bias field. 

191 

6.5.1 Simulated images of the FFT magnitude and phase of the mode 

spatial character are shown for two modes with frequencies of 6.75 

and 7.0 GHz excited in the centre element of a 3×3 array of 236 nm 

elements at a bias field of 270 Oe.  The FFT magnitude is also 

shown for all elements in the 3×3 array, revealing collective mode 

excitations. 

193 

7.2.1 The dependence of the uniform mode frequency on the bias field 

value and orientation is shown for a 10 µm square element of 

CoFe/NiFe(2.5 nm). 

199 

7.3.1 Time-resolved signals and their FFT spectra obtained for different 

values of the bias magnetic field are shown for the field applied 

parallel to the edge and the diagonal of 220 nm square elements.   

201 

7.3.2 Time-resolved signals and their FFT spectra obtained for different 

orientations of the bias magnetic field are shown for the field value 

of 589 Oe.   

202 

7.3.3 Focused, vector hysteresis loops are shown for the case when the 

magnetic field was applied parallel to the edges of the element and 

along the element diagonals. 

203 
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7.3.4 Simulated FFT mode spectra for the centre element in a 3×3 array 

and for an isolated element in response to a pulsed magnetic field 

are shown for four different orientations of a bias field of 589 Oe.  

The spatial character of the excited modes within an isolated 

element subject to a harmonic magnetic field of the same frequency 

is shown. 

204 

7.3.5 The dependence of the calculated mode frequencies and the total 

effective field averaged over different regions of the sample upon 

the orientation of the bias magnetic field is shown. 

205 

8.3.1 A schematic of the new set-up of the TRSKM and microwave 

probe station used in pulsed magnetic field experiments is shown. 

211 

8.3.2 Oscilloscope traces of the reflectivity signal are shown as the 

focused laser spot was placed at different positions relative to the 

edge of a 6 µm square element.  The variation in the reflectivity 

signal allows the amplitude of the mechanical vibration of the 

probe station to be estimated. 

213 

8.3.3 Oscilloscope traces of the capacitive position sensor outputs of the 

piezoelectric stage are shown in response to an oscillatory input 

signal. 

214 

8.3.4 The non-magnetic contrast measured using the in-plane channels of 

the vector bridge detector as a result of scanning the microscope 

objective lens is shown. 

216 

8.3.5 A schematic of the CPS used on the probe station and calculated 

profile of the in-plane and out-of-plane components of the pulsed 

magnetic field are shown. 

218 

8.3.6 Traces of the current pulse profile are shown before and after the 

pulse is transmitted through the CPS. 

219 
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8.3.7 Time-resolved scans obtained using the probe station and the 

previous experimental set-up are compared. 

220 

8.4.1 The reflectivity signal and the Kerr rotation are shown as a function 

of ZnS anti-reflective coating (ARC) thickness. 

222 

8.4.2 Vector hysteresis loops and time-resolved scans acquired from a 

6 µm diameter disc patterned from a PtMn(25 nm)/CoFe(8 nm)/ 

Al 2O3(0.7 nm)/[CoFe/NiFe](2.5 nm) tunnel-valve stack with and 

without a ZnS(33 nm) ARC deposited on top of the sample are 

compared. 

224 

8.5.1 The new vector bridge longitudinal Kerr signal output, used to 

detect the in-plane component of the magnetisation vector, is 

shown as a function of polariser angle.   

226 

8.5.2 Vector hysteresis loops acquired using the new vector bridge are 

shown for a CoFe/NiFe(13.6 nm) 10 µm square element and arrays 

of square nanomagnets of size 234, 124, and 70 nm. 

227 

8.5.3 A time-resolved scan acquired using the probe station and the 

corresponding Fourier spectrum is shown for a 40 µm square of 

(Fe90Co10)78B12Si10(160 nm). 

228 

8.5.4 A schematic of the set-up of the TRSKM and microwave probe 

station used in harmonic magnetic field experiments is shown. 

229 

8.5.5 Vector- and time-resolved scans and images of the dynamic 

magnetisation are shown for two modes with frequency 8.0 GHz 

and 9.2 GHz that are excited in the 40 µm square of (Fe90Co10)78 

B12Si10(160 nm). 

230 

A2.1 Raw time-resolved scans obtained from an array 637 nm elements 

of CoFe/NiFe(13.6 nm) are shown for different bias field values. 

238 
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A2.2 Raw time-resolved scans obtained from an array 428 nm elements 

of CoFe/NiFe(13.6 nm) are shown for different bias field values. 

238 

A2.3 Raw time-resolved scans obtained from an array 236 nm elements 

of CoFe/NiFe(13.6 nm) are shown for different bias field values. 

239 

A2.4 Raw time-resolved scans obtained from an array 124 nm elements 

of CoFe/NiFe(13.6 nm) are shown for different bias field values. 

239 

A2.5 Raw time-resolved scans obtained from an array 70 nm elements of 

CoFe/NiFe(13.6 nm) are shown for different bias field values. 

239 

A3.1 Detailed drawings of the probe station assembly are shown. 240 

A3.2 Detailed drawings of the probe station assembly cross section are 

shown. 

241 

A3.3 Detailed drawings of the piezoelectric microscope mount are 

shown. 

241 

A3.4 Detailed drawings of the microwave probes are shown. 242 

A4.4-9 A series of photographs show the procedure for tuning the 

capacitive position sensor servomechanism loop gain for the 

piezoelectric stage. 

243 

A5.1 The electronic circuit for the Mk II vector bridge is shown. 244 

A5.2 The Mk II vector bridge output T2+T1 and P2-P1, used 

respectively to detect the second in-plane component and the out-of 

plane component of the magnetisation vector, is shown as a 

function of polariser angle.   

245 
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