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Abstract—Object Oriented MicroMagnetic Framework 

(OOMMF) is a micromagnetic simulation tool. It takes a memory 

initialization file (MIF) as the input and outputs various forms of 

data such as data table, graph and magnetic configuration plots. It 

is accurate and fast compared to other existing tools such as 

MATLAB. Few experimentalists used it in the past, however, due 

to two main reasons. First, OOMMF requires a specific version of 

programming environment on the local computer which is difficult 

to be installed. Second, MIF file is very complicated to code and it 

also requires users to read a lengthy guidelines. Our solution to 

these problems is to first install OOMMF on nanoHUB, and 

second design a MIF generator, which is a separate tool can help 

users to design their models without understanding how to code a 

MIF file.  By using the MIF generator, a user can enter the 

parameters of their micromagnetic models, such as dimensions 

and magnetic fields, and generates a corresponding MIF file which 

can be loaded into OOMMF as an input for further simulation. As 

a result, both the MIF generator and OOMMF are published onto 

nanoHUB so users can run all simulations on a web-based browser. 

Two different experiments were simulated to prove the success of 

this project. A cubic micromagnet was simulated in both local and 

nanoHUB OOMMF and the simulation results are nearly identical. 

Also, two cylindrical nanowires were modeled through the MIF 

generator and simulated in OOMMF. The simulation results 

correspond to the experimental results obtained before. Overall, 

OOMMF is improved by designing a separate tool which helps 

users to generator input files for OOMMF.  
 

Index Terms— OOMMF, micromagnetic, MIF and nanoHUB 
 

 

I. INTRODUCTION 

Micromagnetics is a growing field in electrical engineering 

in the past few decades. It is a study of the predictions of 

magnetic behaviors at micrometer length scales. The magnetic 

properties and interactions of arrays of magnetic structures, 

such as disks, rings and nanowires with microscale or nanoscale 

are of interest for many applications such as ultrahigh density 

memory, spintronics, and magnetic sensors [1]. In the study of 

micromagnetics, computer simulation is as important as 

experiments because it can aid in visualizing the evolution and 

interactions of the magnetic spins within the structures under 

the influence of an applied magnetic field [3, 4, 10].  

 

Object Oriented MicroMagnetic Framework (OOMMF) is a 

public domain micromagnetics simulation program developed 

at NIST that is based on a Tcl/Tk and C++ programming 

platform [2].  OOMMF takes a memory initialization file (MIF) 

as an input model and outputs data in various format such as 

data table, graph and magnetization configuration plot. A 

completely functional micromagnetic package is provided 

within OOMMF but in order to create customized model, users 

need to program their own MIF file. Few experimentalists have 

used it in the past, however, due to two main reasons. First, 

OOMMF demands a specific version of Tcl language before the 

installation of OOMMF. Second, MIF file requires users to 

have high-level skills in Tcl script which is not idea for every 

experimentalist. The objective for this project is to enable 

researchers to use OOMMF simulation tool without any 

installation on local computer and having to learn complex 

programming details. 

 

OOMMF is not used as the primary simulation tool, but it is 

used often as a verification for micromagnetic simulation [4]. 

There are many other simulation tools which are facing the 

same challenge and one of the most effective solution is to 

design a graphical user interface which works together with the 

original tool to help users to utilize the simulation much easier 

[5, 7]. This method can also be done for OOMMF with the help 

of. NanoHUB is an online community which provides 

interactive simulation tools for nanotechnology [7]. Rappture is 

one of the tools available at nanoHUB for any developers to 

implement graphical user interface. By using Rappture, a GUI 

can be developed to help improve the user experience with 

OOMMF.  

II. METHODS 

Two different solutions are proposed with respect to the two 

reasons described above. First of all, because OOMMF requires 

Tcl version 7.5 and Tk version 4.1 on Unix platforms, and 

requires Tcl version 8.0 and Tk version 8.0 on Windows 

platforms and both languages have many newer versions, it can 

be challenging for users to find the right version to run 

OOMMF. The solution to this problem is to install OOMMF 

onto nanoHUB [8]. NanoHUB provides different kinds of 

interactive simulation tools for nanotechnology. After installing 

OOMMF onto nanoHUB, users can now go to nanoHUB 

(www.nanohub.org/tools/OOMMF) and run OOMMF through 

a web-based platform instead of installing the program onto 

local computers. Users also do not need to consider 

downloading the correct programming environment in order to 

run OOMMF. On the other side, because OOMMF is now 

running on nanoHUB server, it is not based on the processing 

speed of local computers, but based on the speed of nanoHUB 

server, which can help to improve the simulation speed 

significantly. 
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The second challenge which deters experimentalists from using 

OOMMF is because the complexity of creating a MIF file as 

the input model. OOMMF provides with some common 

structures, such as rectangular prism and ellipsoid, and basic 

magnetic fields. It also provides a completely functional 

micromagnetic sample models. Users are able to perform basic 

simulations by utilizing these sample MIF files. However, 

experiments can involve many complicated structures and 

magnetic fields, which in this case, users need to be able to 

design their models by creating a MIF file. This is also the main 

reason that deters experimentalists from running simulation in 

OOMMF. The solution to this problem is to design a graphical 

user interface (GUI) – based structure generator called MIF 

generator (www.nanohub.org/tools/mif). This GUI-based tool 

simply takes users’ physical parameters for their models as 

inputs and outputs a MIF file for OOMMF simulation. Users 

will be able to create customized models with no programming 

knowledge [9].  

 

Based on the structure of MIF, the tool contains five main 

stages: structure, mesh, energy, evolver and driver. The 

structure defines the shape of the model. Besides the 

fundamental shapes including rectangular parallelepiped and 

ellipsoid, the MIF generator also allows users to create other 

customized shapes including arrays of rectangular prism and 

ellipsoid, cylinder, rings and octant. Users can define up to four 

models at the same time. It only requires users to input the 

boundary value for the shape they have chosen. The mesh stage 

defines the cell size which is used as the discretization 

impressed on the simulation. It is cell-based, with the center of 

the first cell half step in from the minimal extreme point of the 

shape. The mesh has to be evenly divided by the entire space 

defined from the structure stage. 

 

The energy stage defines four types of energy functions for the 

structure. The first two energies are anisotropy energy and 

exchange energy. These energies are the characteristics for the 

material users defined for their models. The third energy is 

demagnetization energy.  Two similar functions, Demag and 

SimpleDemag are provided within demagnetization energy. 

Both of the functions calculate the demagnetization field of the 

defined shape but Demag function provides a more accurate 

result with longer processing time while SimpleDemag 

provides a less accurate result with shorter processing time. The 

last energy, which is Zeeman energy, defines the external 

magnetic field applied to the defined structure. Two different 

Zeeman energy functions are provided within the stage: time-

invariant Zeeman energy and object-invariant Zeeman energy. 

Time-invariant function defines a sweeping magnetic field 

across the entire structure; it does not vary with respect to 

different object within the structure. Object-invariant Zeeman 

energy defines a constant biasing magnetic field which doesn’t 

vary with respect to time, however, it can be varying across 

different object.  

 

The last two stages, evolver and driver, are closely related to 

each other. Driver computes the magnetization configuration of 

the structure and hands it to the evolver with a request to 

advance the configuration by one step. It coordinates the action 

of the evolver on the simulation as a whole, by grouping steps 

into tasks, stages and runs. The driver determines when a 

simulation stage or run is complete while the evolver is 

responsible for moving the simulation forward in individual 

steps. There are two types of evolvers and drivers: time and 

minimization, with each using a different algorithm when 

computing the magnetization configuration. If one is more 

interested in the final simulation result, he should choose to use 

minimization driver, but on the other side, if one is more 

focusing on the magnetization dynamics, then a time driver 

should be used. A minimization driver should only be paired 

with a minimization evolver, otherwise the algorithm will fail. 

The user need to define the pointwise saturation magnetization 

and initial magnetization configuration within the driver which 

one selects. 

 

The MIF generator is designed by using Rappture and Python. 

Rappture is a GUI designing software developed by nanoHUB 

[8]. So the graphical user interface is generated through 

Rappture while the main function is written in Python. The MIF 

generator, based on the choice from users, generates a template 

of functions which accommodates the MIF file loading into the 

OOMMF, and according to the users’ physical parameters for 

the models, those values get substitute into the functions. The 

tool is also designed to be more user friendly [7]. For example, 

if an array of nanowires is desired, instead of entering the 

dimension for each individual nanowire, users will only need to 

select the radius and spacing and the MIF generator can 

automatically generate the close-packed nanowire array. 

 

Overall, the MIF generator takes users’ physical parameters, 

such as dimension of the model, external applied field, and 

material characteristics as inputs and generates a MIF file as an 

output. Such MIF file can be directly loaded into OOMMF for 

the simulation process. 

III. RESULTS 

Two separate simulations are generated after designing the MIF 

generator. The first simulation is an OOMMF verification. 

Since OOMMF is installed onto nanoHUB as a separate 

version. It is necessary to verify that OOMMF can generate the 

same simulation results on both local computer and nanoHUB 

server.  
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In Figure 1, a hysteresis loop is generated both on a local 

computer and nanoHUB server. The figure shows the two plots 

overlays each other during the entire simulation. This indicates 

that OOMMF on nanoHUB can produce the same simulation 

results compared to it on a local computer. Users are able to use 

OOMMF on a web-based platform from nanoHUB instead of 

downloading OOMMF onto their own computers along with 

the specific version of Tcl/Tk language required. 

The second simulation is a hysteresis loop for a more 

customized model. The simulation results and three magnetic 

configuration plots are shown in Figure 2. The model used in 

the second simulation contains two identical cylindrical 

nanowires. The spacing between the centers of two nanowires 

are twice as the diameter of each nanowire and the height of 

these nanowires are identical to the diameter of them. Because 

cylindrical nanowire is not one of the two basic models 

provided within OOMMF, users will not be able to perform 

simulation unless understanding complex coding in Tcl script. 

However, users will be able to use MIF generator to design this 

model and load into OOMMF for simulation. In Figure 2, the 

hysteresis of the coupled nanowires is much narrower than the 

hysteresis loop of only one nanowire due to the magnetic field 

applied between two objects [1]. At time 1, the magnetization 

configuration starts to point at random direction as defined. As 

the external magnetic field continuously applying onto the 

model, more and more components of the model have their 

magnetization configuration pointing towards right and at the 

end of the first sweeping field, all magnetization configuration 

are pointing towards to the positive x direction. The 

magnetization configuration will start to point towards negative 

x direction as the second sweeping field progresses. The 

 
 

 

 

magnetization configuration plots prove the model generated 

from MIF generator is working correctly with OOMMF 

simulation. The edges along the hysteresis loop is caused by the 

small amount of step sizes which users chose at the modeling 

design stage and this can be improved by adding more steps to 

the simulation of each external magnetic field. 

 

Based on these two simulations, a user will be able to achieve a 

complete design and simulation process all on a web-based 

platform with no software installation and programming 

knowledge requirement. 

IV. DISCUSSION 

The first goal is to install OOMMF onto nanoHUB. Users can 

now run OOMMF simulation on nanoHUB server. It can help 

users to skip the installation process also disregard the 

computation power of users’ local computers. In the first 

simulation which a hysteresis loop is generated on both local 

computer and nanoHUB server, even though the plot in Figure 

1 indicates two data overlays each other perfectly, there is still 

slight difference between the two simulations. The data 

obtained from the nanoHUB simulation contains approximately 

20,000 iteration points while the one obtained from local 

computer simulation contains approximately 27,000 iteration 

points. Thus, if the magnetization is plotted versus time, two 

different plots will be obtained because the second simulation 

takes longer time than the first one because the time between 

two iteration points does not vary between different computing 

environment. This does not indicate one of the two simulation 

is incomplete, rather, slower than the other. It is caused by the 

difference in process speed, the clock frequency of CPU, of the 

working environment. In this vary scenario, the nanoHUB 

server has a much faster CPU speed than that of the local 

computer thus the simulation which runs on nanoHUB server 

takes shorter amount of time. If the local computer has a faster 

clock rate than that of nanoHUB server, the simulation time 

comparison will be reversed.  

 

The second goal of the project is to help users to define their 

models without knowing any skill in Tcl programming. From 

Figure 2, it is clear to see the hysteresis loop of the user defined 

model. Instead of writing a Tcl script about approximately 200 

lines long, the MIF generator can help users to define the model 

of two identical cylindrical nanowires without requiring any 

skills in programming. It proves that MIF generator is a fully 

functional model generator and can be used as the first step for 

OOMMF simulation. Because OOMMF provides with only two 

basic shapes: rectangular parallelepiped and ellipsoid, the 

amount of models is limited. The MIF generator provides many 

shapes other than these two basic models, with a focus on 

creating arrays of cylindrical nanowires. Besides the two basic 

models, users are able to create cylinders, octants, disks, and 

rings with up to three objects. Even though the MIF generator 

has a focus on helping nanowire experimentalists, it is also 

capable of designing models for general micromagnetic 

simulations. Though a simulation result is lacking, a model of 

coupled micromagnets is successfully developed from this tool 

and gets simulated in OOMMF. Further analysis of the 

Figure 1: OOMMF simulation of the hysteresis loop of a 75nm cube on 
local computer and nanoHUB with a matched result. 

Figure 2: Two cylindrical nanowires were created with MIF generator. 

Hysteresis loop and magnetization configuration at three iteration points. 
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simulation is still needed but again the developing process 

proves the functionality of MIF generator in helping 

micromagnetic experimentalists.  

 

However, there are also some limitations to the MIF generator. 

According to the need of experimentalists, two main future 

update plans are available [4, 6]. First, MIF generator can only 

define up to three objects, it would be ideal to increase the 

amount that can be defined within one model because nanowire 

simulation includes close-packed hexagonal nanowire arrays. 

Second, nanowire simulation also includes multilayer 

structures, for example, a repetitive Co-Fe multiplayer structure 

is often used in designing ultrahigh density memory devices [1]. 

So this is the second feature for future update. At last, the MIF 

generator should be implemented to have more shapes for 

highly customized model such as cones, pyramids and others. 

Even though the MIF generator allows users to create 

customized models, many other features can still be added in 

the future. 

 

The next step of improving the MIF generator will be to 

integrate this MIF generator into OOMMF itself. The current 

version requires users to create two separate workspaces for 

both tools. After generating the model from MIF generator, the 

user needs to output the MIF file onto their local computers and 

then load it into OOMMF. This is one extra step which is not 

necessary. The solution to this problem is by integrating MIF 

generator under the main user interface of OOMMF. Instead of 

transferring files between local computers and nanoHUB server, 

users can open MIF generator inside OOMMF and all the files 

generated should be saved automatically on a temporary 

directory from nanoHUB server. This not only saves the total 

simulation time but also the workspace usage on nanoHUB. 

 

V. CONCLUSION 

OOMMF is a powerful simulation tool for micromagnetic, but 

few experimentalists in the past have used it as the primary 

simulation tool due to two reasons. First, the installation of 

OOMMF requires specific version of Tcl/Tk language. Second, 

the OOMMF only offer limited shapes. In order to create more 

customized models, users need to have high level of skills in 

Tcl script programming. This project proposes two separate 

solutions to solve this problem. OOMMF is first installed on 

nanoHUB and a MIF generator is developed to help users to 

define their models without learning programming skills. In the 

end, two simulations are designed to test the accuracy of 

OOMMF on nanoHUB server as well as the MIF generator. 

Users are now able to use OOMMF for micromagnetic 

simulation without installation process and learning complex 

programming skills. On the other hand, the MIF generator can 

be improved in many aspects. First of all, in order to meet the 

need for nanowire experimentalists, the MIF generator should 

contain features of creating hexagonal nanowire array and 

multilayer structure. Second, the MIF generator only provides 

with relatively high customized shapes so more shapes should 

be designed in the future. At last, in order to improve users’ 

experience, the MIF generator should be integrated into 

OOMMF so it does not take an extra workspace on the web-

browser. 
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