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Group Number Description 

1 

General Inputs: include the main controllers of the program. 

I. Number of Program Runs: if the program runs more than one time 

the simulator will output the structure and the histogram of the fields 

at which the dots flipped. If the input is one, the simulator will 

output the structure and the hysteresis. The selection of output can be 

changed using the combo box of group six. In both cases the 

program will generate the file Data Summary “Version”.xls.   

II. Number of Dots: based on this parameter box number two will 

expand. The simulator is limited to nine dots for simulation. 

III. Data Summary “Version” .xls: this parameter is a number that will 

replace the variable Version. Version control is useful for multiple 

runs and testing various configurations. The Excel file will contain a 

snapshot of the system at every flip.  

2 

XY location × Number of Dots: based on the number of dots this field will 

expand, containing xy coordinates fields describing the structure. As a 

default value the dots will be aligned along the x axis with the distance of 

two time the rod diameter.   

3 

Simulation Accuracy: this group contains the parameters controlling the 

simulation time and other important valves controlling the time and accuracy 

of the program. 

I. Simulation Running Time: the sweep step divided by this parameter 

will determine the resolution of the hysteresis curve. Time below 10 

nanoseconds will not be realistic due to quantum mechanics. This 

parameter will directly control the length of the simulation: (Hmax-

Hmin/Step) × Simulation Running Time. 
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II. Graph Accuracy: this parameter is relevant when the number of 

program runs is one. As mentioned earlier, the output in this case is 

the hysteresis curve. The accuracy of the curve is determined by this 

number. The C++ program will output the magnetization in 

increments of this parameter. 

III. Flip Threshold: based on the structure in the ease of “flipping” of 

each rod, one can control when a change in the local magnetization 

of each dot has changed direction. The upper bound of 

magnetization change is Flip Threshold + 0.01.  

IV. LLG Damping ratio: this variable will control the Landau-Lifshitz-

Gilbert (LLG) damping ratio. The LLG formula computes the 

dynamics and the 3D effects on the magnetization of each 

nanomagnet. The closer to 0.1 it gets, the more realistic the 

simulation is. However, computation time below 0.8 may take a 

considerable amount of time and is not recommended.   

4 

Simulation Parameters: this group contains the parameters that controls the 

temperature of the simulation and the sweep of the applied field in the Z 

direction.  

I. Temperature: increasing the temperature will encourage the thermal 

excitation of the system causing faster and less predictable switches. 

Realistically, temperatures between 300 - 350 K are desired.  

II. Minimum H Applied [z] (Oe): experimentally below 29,000 Oe, 

nanomagnets with the default material attributes will not switch.  

III. Maximum H Applied [z] (Oe): experimentally for a single 

nanomagnet above 32,000 Oe, switching will not occur. 

IV. Field Step Increments (Oe): experimentally 5 Oe is sufficient to 

generate a meaningful hysteresis curve.  

5 

Material Attributes: as explained earlier, the nanomagnetic dots are in 

practice rods. The specific default value has been physically created and are 

relatively “easy” to switch.  

I. dr (height): the height of the rod in cm.  

II. R (radius): the radius of the rod. Note: the default distance between 

each rod is 4 x R in cm. 

III. Gyromagnetic Ratio (Hz/Oe): see explanation earlier.  

IV. Ms - Saturation Moment (emu/cm3): per unit volume. 

V. Ku – Magnetocrystalline Anisotropy (erg/cm3): hexagon in this 

default case. 

6 

Combo box for output selection. Possible values: structure(yellow color 

means flipped during the simulation), hysteresis curve and histogram.   

          Structure                  Histogram                      Hysteresis Curve 

    

7 
Output window, the format of X and Y axis can be changed by pressing 

them. Possible outputs:  
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8 
Ability to select earlier runs based on different simulation parameters and 

comparing results. 

Simulator block diagram

 


