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Nowadays, computer and data processing industry are moving to 
nanomagnetic devices technology. One of the common measurement 
systems to observe nanomagnetic device are magneto optical Kerr 
effect and Faraday effects. The magneto-optical Kerr effect 
measurement system has been fabricated and precision noise 
measurement configuration was observed. A light intensity, which 
was reflected by thin film nanomagnetic surface, was measured 
accompany with its noise level. The lock-in amplifier was attached to 
pick up hysteresis signal and low noise level. Different frequency of 
lock-in amplifier was carried out to observe dynamics noise level 
behavior. Interestingly, we found butterfly shape noise corresponding 
to hysteresis loop shape. Furthermore, 1 𝑓⁄  noise behavior with 0.94 
scaling exponent, was found with respect to lock-in amplifier 
frequencies suggested that measuring in low frequency became more 
challenging. 

Copyright © 2023 Authors. All rights reserved. 

 

 

  

 

Introduction 

In today's computer and data processing industry, the development of micro-electronics is 

very rapid. Especially related to the capacity and speed of data processing, one alternative is 

to use spintronic-based technology. In general, the meaning of spin refers to the spin of a single 

electron s which has a magnetic moment –gμBs. This magnetic moment, which has up and 

down directions, will be detected into digital information on its use. For a group of electrons 

that has a large number of magnetic moments, the average spin can be expressed as a 

magnetization which is relatively easy to detect. Compared to conventional electronics, 

spintronic in its use in digital information has advantages such as lower energy consumption 

and being able to overcome the speed limit of electric charges because it utilizes the nature of 

spin currents [1]. Currently, it is possible to do spin injection of metallic materials into 
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semiconductors, with short pulses of the order of picosecond, so that the speed of spintronic 

devices is up to 1000 times faster than conventional electronic devices [2]. It becomes very 

important to understand the dynamic nature and magnetization behavior of spintronic in 

order to obtain spintronic warfare in the future. 

Magneto-optical Kerr effect (MOKE) is a very frequently used option to explore the 

magnetization behavior of a ferromagnetic material. The MOKE system is very sensitive to 

changes in magnetic properties on the surface of the material and is able to capture signals 

originating from the sub-monatomic layer, so it is often used in the observation of thin-layer 

ferromagnetic materials. The dynamic properties of the magnetization of the thin film can be 

observed from the shape of the hysteresis curve, relaxation time and other magnetization 

parameters such as coercivity and magnetic saturation [3], [4]. With a simple system, MOKE 

can also be modified into MOKE microscopy to observe magnetic domains and the dynamic 

properties of magnetic nanomaterials[5]. In a MOKE-based measurement system, overcoming 

signal interference is one of the parameters that must be carried out, but until now there is still 

little research that discusses the interference that exists in the MOKE system. There are lots of 

noise type could be found in optical-based measurement system, two of them are butterfly 

noise and 1/f noise [6–10]. 

In this work, we describe very basically Kerr experiment setup. By using simple setup, the 
noise properties of the system have been explored, which is produced by the instrumentation 
setup, depend on frequency and power of laser. Two different type of noise was observed, 
butterfly and 1/f noise, implying became significant to know the noise behavior before the 
experiment setup is completed. 

 

Experimental Method  

Kerr Effect Noise Measurement Setup 

The perpendicular-MOKE measurement system has been constructed using 532 nm 

wavelength green laser as light source is shown in Figure 1. Operated at maximum 30 miliWatt 

power, the light is chopped by SR540 chopper system designed by Stanford Research System 

and modified its frequency to 4 kHz. To achieved polarization state, the green laser entering 

high extinction ratio (1000:1) beam splitter and aligned by front surface mirror configuration. 

The laser beam illuminates thin film sample, then reflected to analyzer and captured its 

intensity by photodiode. S5870 Hamamatsu photodiode, which has maximum 10nA dark 

current, was used as a photodiode sensor. Transimpedance amplifier was applied to convert 

current from photodiode to voltage and then logged by lock-in amplifier SR810 by Stanford 

Research System. In this work, hysteresis loop (magnetization-applied field, M-H loop) were 

constructed accompaniment by noise level with respect to chopper frequency.           
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Figure 1. Kerr effect noise measurement setup, the red line indicating laser beam direction and the 

blue line indicating electronics signal. 

 

Transimpedance Amplifier  

In this work, optics signals reflected from sample are convert to electronics signal by using 

photodiode. After that, it is conditioned by using transimpedance amplifier. It configured as a 

negative feedback amplifier circuit, while Rf and Cf as a feedback component as shown in 

Figure 2. The circuit measured signal which are consist of two different signal, noise current 

and Kerr signal. The amplifier was tuned to ensure that Kerr signal obtained at the output is 

dominant than noise spectral. 

The photodiode worked in reverse bias scheme, which transimpedance amplifier through 

feedback resistor provided its reverse bias current. By considering terminal capacitance of 

photodiode and stray capacitance from circuit as a total capacitance on the input port, Cf was 

chosen to compensate it. In this work, we assumed that the feedback resistor noise is 

demonstrated as thermal noise. Its spectral density depends on absolute temperature T, 

feedback resistor Rf, bandwidth Δf and Boltzmann’s constant k, and formulated as 

𝑉𝑛𝑜𝑖𝑠𝑒(𝑟𝑚𝑠) = (4𝑘𝑇𝑅𝑓∆𝑓)
1

2⁄
   (1) 
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Figure 2. Transimpedance amplifier circuit. 

 
Result and Discussion  

The hysteresis loop, as output of this measurement system, has been tested and found to be 

reproducible. As shown in Figure 3, for different loop shape with respect to sweep rate, 

showed consistency results. The loop shape changes from square-like with very clear sign of 

saturation to be rounded corner at the saturation state. The evolution loop shape, evidently 

suggesting the presence of the response delay of the magnetization with relative phase to the 

sweeping applied magnetic field. Reproducibility of the hysteresis loop have been tested 

within the error range.  The loop shape was found to be major loop that is dissimilar from 

previous work[11], [12], which is a set of minor loops for sequential hysteresis loop 

measurement have been informed.  

 

          
(a)                                                                       (b) 

 
Figure 3. Hysteresis loop obtained by MOKE measurement system for different sweep rate, 7 Oe/s (a) 

and 100 Oe/s (b). 

 

By using lock-in amplifier, noise properties of MOKE measurement system have been 

observed. Comparing to Kerr signal, the noise level has been found very small. Interestingly, 

it shows unique profile as depicted in Figure 4. The noise level showing a butterfly loop shape 
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which is corresponding to the hysteresis loop shape change. As the square-like hysteresis loop 

transform to rounded corner loop, the noise level profile also transforms from very clear 

butterfly shape, as shown in Figure 4(a) to rounded broaden shape, as shown in Figure 4(b). 

The noise level has two minima and obviously related to coercivity state in the hysteresis loop, 

which are ± 129 Oe and ± 447 Oe for two different sweep rate 7 Oe/s and 100 Oe/s respectively. 

We believe, at that point, capability to resist an applied field without losing its magnetism has 

a significant role to perform these two minima and butterfly shape comprehensively[7]. 

                
(a)                                                                            (b) 

Figure 4. Butterfly shape noise level related to hysteresis loop shape for different sweep rate, 7 Oe/s 

(a) and 100 Oe/s (b). 

 

Furthermore, the noise level of MOKE measurement system was measured with respect to 

frequency chopper. In the low frequency regime, 45 – 200 Hz, several alignments for low 

frequency reference in the lock in amplifier was configured such as: appropriately time 

constant and synchronous filter slope applied for low pass filter. 5f chopper configuration also 

applied as a frequency reference. In this regime, as shown in Figure 5(a) on a log-log scale, the 

noise response decreases linearly as a frequency increase and became stable as approaching 

high frequency. In the high frequency regime, 400 – 3600 Hz chopper frequency, the lock in 

amplifier configuration was modified, like 6 dB/oct slope of low pass filter and 3 ms time 

constant. The noise level, as plotted in Figure 5(b), decrease as a frequency increase and start 

to be stable at frequency 1000 Hz and completely stable over 2400 Hz.  

 

According to all noise level response, it varies linearly and suggestion the probability of the 

1/f noise characterized by the power-law distribution[6]. The power fitting function 𝑓−𝛼 with 

scaling exponent 𝛼 was found to be about 0.94 ± 0.08 as dotted line shown in Figure 4. We 

also found the effective maximum signal to noise ratio is about 6.8 × 103. The 1 𝑓⁄  noise in 

MOKE measurement system considered to be originated from photo-diode conductivity 

fluctuation occur in photo diode however an electron-proton scattering for most of  1 𝑓⁄  noise 

properties[13–15]. The results show that characterized noise level more dominant at low 

frequency exhibit more difficult measurement in this section.  
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Figure 5. Noise response with respect to frequency, lower 45-200 Hz (a) and higher 400 – 3600 Hz (b). 

 

Conclusion  

In the MOKE measurement system, we have found out that the noise characteristics measured 
at photodiode, exhibit a  1 𝑓⁄  noise behavior. The noise also shows butterfly shape noise, 
comparing to hysteresis loop. The 0.94 scaling exponent indicating single universality class of 
 1 𝑓⁄  noise. The results suggested that measurement in the low frequency became more difficult 
considering noise level. 
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