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IMPORTANT INFORMATION  

 

MagOasis  Ultra Recording Simulator (URS)  User Booklet  for use with Microsoft 

Windows, August  20 10 , Revision number: URS10 052111 .0 11.  

 

© Copyright 2007 ï 20 11, John Oti, D.Sc, MagOasis LLC . All rights reserved.  

 

www.magoasis.com .  

 

This manual, as well as the software described in it, are furnished under license  

and may only be used in accorda nce with the terms of such license. The license  

provisions are described at the end of this booklet. Please refer to it if you  have 

any questions.  

 

MagOasis  has reviewed this documentation thoroughly in order to make it an  

easy - to -use guide for the URS sof tware. All statements, technical  information, 

and recommendations in this manual are believed to be reliable, but  the 

accuracy and completeness thereof are not guaranteed or warranted, and they  

are not intended to be, nor should they be understood to be, r epresentations or  

warranties concerning the products described.  

 

All commercial names of equipment and software referred to in these pages are  

trademarks of their respective owners.  
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Chapter 1: Getting Started  
 

Introducing the Ultra Recording Simulator  
software  
 
The Ultra Recording Simulator (URS) is an accurate, easy - to -use, high -

productivity and high -performance micromagnetic software for the 
design, modeling and analysis of advanced, next -generation ultra -high 

density magnetic recording systems. Using URS you can easily model 
state -of - the -art Heat -Assisted Magnetic Recording (HAMR) 

perpendicular and longitudinal systems as well as newly -emerging  
nano -scale recording technologies . URS enables you to carry  out 

diff erent types of simulations based on a variety of schemas whose 

components (writer, reader, thermal source  or media) can be 
individually tailored to your own taste . 

. 
 

System Requirements  
 

The Ultra -Recording Simulato r (URS) software is a Windows 
application, requiring any of the Microso ft operating systems Windows 

95 , Windows 98, Windows 2000, Windows XP , Windows NT 4.0 and 
Vista or  higher to run. It will run within any standard computer 

hardware configuration that su pports these operating systems. 
Naturally, performance will improve with increase in system processor 

speed and main memory (RAM) capacity.  

 

I nstallation  
 
To install URS in your computer run the installation program, 

MagSet up.EXE  located in your MagOasis -provided  removable  media 
(CD, ñjump ò drive etc .)  or downloadable from the URL 

http://www. magoasis .com/ MagSetup.EXE ) and follow the ensuing 
instructions. The installation creates the following application groups: 

Ultra Recording Simulator , Spin -valve Bench  and Magsimus Deluxe . 
The URS application is located in the Ultra Recording Simulator  group. 

The Magsimus Deluxe group contains the Magsimus program and 
powerful Magsimus' utilities: MagJob  (batch job submission and 

monitoring tool) and Cellider  (array -patterning tool).  
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Activating Your L icense  
 
After installing the URS software, you will need to activate your license 

to use the full capabilities of the package. MagOasis offers 2 kinds of 
license -acces s technologies: Hard key and soft key access. The use of 

these access methods is  now described.  
 

Hard -Key Licensing   
 

For this access method MagOasis provides you with a hard -key 
adapter and a license -activation program to activate and use the 

license. Th e activation program has a name such as 
ñMO_URSLicInstall_HK_JohnDoe1.EXE ò and may be provided to you in 

a CD, "jump" drive etc. or via internet download.  To activate the 
license, first run the license -activation program. Then properly insert 

the provided  hard key in an available Universal Serial Bus (USB) port 
in your PC (the red LED should be lit). You are now ready to start 

using the software.  
 

Soft -Key Licensing   
 

This access method works over the internet, so make sure your 
computer has an established internet connection before proceeding. 

MagOasis provides you with a pair of license -activation data: a user ID  
and an activation code .  When you use URS for the first time in a 

computer, you will be presented with a dialog box to enter your 
activation data . Enter the requested information and click the OK  

button to complete the activation process. If you are not presented 

with an activation dialog box, then after the program loads, launch the 
license -activation dialog box by selecting the main program menu 

Tools - > Network license activate , fill in the requested data and 
press OK . 

 

Support  
 
To report bugs or make other enquiries or comments  about the URS 

software , send email to urs @magoasis .com . Learn all about  MagOasis  
software by visiting the web page http://www. magoasis .com .  
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Chapter 2 :  Using URS  
 
This chapter presents a brief tutorial of the URS software.  We highly 

recommend that all new users of the software read this section before 
proceeding further. These instructions are written for the Microsoft  

Windows XP operating system; however, they readily apply to other 
Microsoft Windows operating sy stems.  A basic familiarity with one or 

more of these operating systems is assumed in order to successfully 
follow this tutorial. Before proceeding, make sure that you have first 

activated your license as described in the section Activating your 
license  in chapter 1.  

 

Starting URS 
 

To run the Ultra Recording Simulator , proceed as follows :  from 
Windows  Start  button navigate to the Ultra Recording Simulator  

program group  and click on th e URS  icon . The program begins to load  
and  run s a brief check of user - license privileges; if all goes well, y ou 

are presented with the  introductory page of the New -design Assistant  
window shown in Fig. 2.1. The commentary in the upper part of th is 

window  is self -explanatory. The New -design Assista nt offers you a 
rapid and convenient means  for  creating a new design,  by allowing you 

to specify upfront , key configuration properties for your design . After 
the software completely loads , you will be able to  further fine tune 

your design  by means of  appro priate input areas in the user interface . 
The New -design Assistant also gives  you the option of beginning your 

session by  open ing  a pre -existing design  file  in your computerôs file 
system.  
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Click the Next  button  to move on to Step 1  of the New -design 
Assistant shown in Fig. 2.2.  The configuration  selection is globally the 

most important  input  of the New -design Assistant , as it determines  the 
overall make up and desired geometric and material properties of your 

design. The simula tion - type  input allows you to select the calculation 
type you want to start up with in the URS session:  For  Read ing  and 

Writ ing  simulations , URS calculate s the  head -media interactions during 

read -back and recording  of media  respectively ; Media - test  simulat ion s 
are  conventional media magnetization calculations  to test media 

behavior in  response to external ly -applied  field s; a ny of the field scan 
simulations  (Write field scan , Media field scan etc.)  allow  the 

calculation of line scans of the vector magnetic f ield components 
produced by an energized write head  and/or media . In such  cases a 

point probe  moves in a straight line in the field along a specified scan 
direction .  

 

 

Choose  the configuration Classical perpendicular  recording  without 
under layer , the Writing  simulation and  select  Quasi -static  solver . Click 

the Next  button to move to Step 2  of the New -design Assistant .  
Leave  the default inputs unchanged and continue clicking the Next  

Fig. 2. 1 . New -design Assistant  introductory page  

Fig. 2.2 . New -design Assistant  Step 1  page  
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Fig. 2.3 .  URS windows after startup completes.  

button (and accepting the defaults at each s tep) up to Step 4 , and 

then click the Finish  button  to close  the New -design Assistant window 
and complete the creation of your start -up design . Your screen should 

now look like that shown in Fig 2. 3. 
 

Window A is the URS window. It communicates with and co ntrols the 
windows B and C. You specify your designs in the URS window and 

also close the application from here. The new design you  created  is 
displayed in the System -view box  C. The arrows represent the 

magnetization vectors of the components.  
 

By default  the URS window is always displayed on top of other 
windows. You can change this behavior in the dialog box that is 

displayed by selecting the Tools ĄOptions  menu.  

 

 

 

Running Your First Simulation  
 

Let us now carry out a simulation (calculation) for the displayed 
system. A simulation produces and displays an evolving sequence of 

magnetic states and output curves of the system based on design 
specifications. The Writing  simulation we specified will result in  the 

C 

A 
B 
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calculation of the recording of a storage medium  by a moving write 

head . Press the Run  button near the top of the URS window. The 
calculation starts after a few moments (this will be indicated on the 

status bar  at the bottom  of the URS window) and output curve 
windows are launched. The writing process is clearly visible as the 

calculation progresses: the magnetic states of the head poles and 
media, as well as the outputs curves are continually updated to reflect 

the evolution  of the system as the calculation progresses. S elect ed 
areas of the URS window are modified during a simulation --  in 

particular, the Run  button is now labeled as ñCancel Jobò so that 
pressing it again terminates the calculation. Pressing the Pause  button 

suspends the calculation, and pressing it yet again continues the 
calculation. Wait for the calculation to end (this will be indicated in the 

status bar and the Run  button will revert back to its correct label).  You 
may re - run this simulation a few more ti mes to fully observe all the 

aforementioned. Note however, that each time you do this  you over -

write  the pre -existing state of the medium (unless of course you first 
reset the media state before proceeding).  

 
Now , move and re -size the curve windows so that  your screen appears 

roughly as shown in Fig.   2.4 .  
 

 
 

 

Fig. 2.4 .  URS windows after a Writing  simulation.  
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Entering Data  
 
The properties of a design are specified in the URS window which  is 

shown separately in Fig. 2.5 . This window consists of two main panes -
-  the left  (A)  and right (B)  panes. The widths of the panes can be 

varied by clicking and dragging the narrow (vertical) panel separating 
them. The left pane is the data -category pane . It consists of a 

hierarchy of nodes (with identifying icons) representing differe nt types 
of possible inputs.  

 

 
 

 

The right pane is the data - input pane .  As each node is clicked  in the 
data -category pane, the relevant in put areas are displayed in  the data -

input  pane. Try this out by clicking  each node in t urn. Scroll bars 
appear as needed in the data - input pane to scroll into view input fields 

that lie outside this space. Use the Help  button above the panes to 
access context -sensitive  help information about the input fields. 

Clicking  the Help  button display s a help window describing the inputs 

of the currently selected node.  You are encouraged to use the help 

A B 

Fig. 2.5 .  Close up of URS application window  
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feature regularly to supplement the very  abbreviated overview of the 

input areas given here . 
 

The first node (labeled ñClassic perp. recording w/o und.  layer ò in Fig. 
2. 5) is the highest - level (or root ) node. It provides among other things 

an input field for specifying a descriptive name for your design and a 
choice of solver to use in your calculations  (quasi -static  or dynamic ) . 

You return the design to  its initial magnetization state by clicking the 
Reset magnetic states  button.  You specify a simulation (calculation) 

to carry out in the Simulation  node input area. Different system 
components are relevant for different simulation  types. Thus, 

depending o n your choice of the simulation type, the  design  is re -
displayed with appropriate components in the system -view window to 

reflect the choice . URS disables those n odal input areas that are not 
needed  for a particular simulation choice . For example, the Read er  

node inputs are irrelevant for a Writing simulation, so that input area 

becomes disabled; similarly, the Writer  node input area will be 
disabled if a Read simulation is chosen. You preview specified head 

motion  for  Writing , Reading , Write field scan  and  the other scan 
simulations by clicking the Show motion  button under the 

Simulation  node ( try this out ) .  
 

You select a write transducer and specify its properties in  the Write  
node  input area . S imilarly , you specify your reader and thermal source 

propertie s under the Reader  and Thermal source  node s. A thermal 
source allows  you to incorporate heating  effects in your simulations . 

Note:  for writing simulations, the thermal source moves with the 
writer . 

 
The Media  node has 2 sub nodes ï the Storage layer  and Un der 

layer  nodes ;  using these, you can specify  the properties of various 

components of a media sample. You can specify an under layer to be a 
normal magnet  ( ferromagnet ) or a magnetic shield .  

 
Note : In  the  calculation  we just carried out , the  contrast in th e 

coloring of various regions  of the media magnetization state s is a 
consequence  of  2 input s in the storage layerôs Display options  tab ï 

the  checking  of  the Color - coded M field  box in  the Attributes to 
display  frame and the selecting  of  Mw  in the Array M vector color 

map  frame . 
 

The Output curves  node provides the means for  specifying output 
curves that are to be generated during a calculation . T he output 

choices the user can select depend on the  simulation type . 
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The Lines and Colors  node provides  a centr alized location for 
specifying line thicknesses and colors of component of the system and 

the arrows used to represent their vector characteristics.  The Views  
node provides  convenient means for displaying different views of the 

system  and for interacting w ith them.  Controls under the 
Rec/Payback  node are used to record  and playback  simulations, 

usually for purposes of subsequent more in -depth analysis  of 
calculated field results . 

 
You start a simulation by clicking the Run  button (you also use this 

button t o halt an ongoing foreground calculation). Checking o r un -
checking the Run in background  box, specifies if a calculation is to 

be carried out i n the background  or foreground . When a foreground 
simulation is running, you cannot do anything else with URS unt il the 

calculation concludes. Background jobs execute behind the scenes, 

freeing you up to interact with  URS normally. A tool for monitoring the 
progress of background jobs is discussed in the section Program Menus  

below.  
 

Recording the S imulation  
 

Let us repeat our current  calculation, but this time we will record  it. 
The evolution of the computational states (magnetization, geometry, 

data outputs etc.) of the design is stored during recording.   
 

Note : It is i mportant to distinguish between our use here of the term 
ñrecordingò and its other (technological) use elsewhere in this manual 

with  refer ence  to magnetic storage systems. Typically, the  intended  
meaning  would be obvious  from the contex t .  

 

Recording is car ried out using the controls in the input area of the 
Rec/Playback  node . Begin by f irst  reset ting  the magnetic state of the 

design by clicking the Reset magnetic states  button in the input 
area of the root node. Next, select (click) the Rec/Playback  node ; 

the current state of its input area is shown in Fig. 2.6a . Click the 
button labeled Turn on recording  (called the recording button ) ; i ts 

color will change to red, and it will now read Turn off recording . In 
this state any calculation carried out would be re corded. Click the Run  

button to start the calculation , and allow it to  run to completion.  After 
this, t he state of the recording input area should now look like  Fig. 

2.6b . Notice how some controls in the Playback  frame (in contrast to 
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Fig. 2.6 a) are now en abled. This is an indication that recorded data is 

available.  
 

 
 
Fig. 2. 6 .  Rec/Playback  input area before (a) and after (b) a simulation recording.  

 

 
Click the forward - replay  button (labeled with ">ñ) to view (play back) 

the cal culations states in their normal  sequence . Notice that the  
computed states are played back both in the system -view box and 

curve windows (Fig. 2.7 ). Notice how m oving circular markers in the 
MMF-profile  curve window  indicate the correspondence between curv e 

points and the solution states of the design . Thus, the marker traces 
out the time evolution of the curve. Certain types of curves such as 

the  second curve  of Fig. 2.7 , do not require markers (so none is 
shown). This is a plot of the down - track media mag netization profile ; 

notice  that during playback it continually deforms to reflect the 
changing magnetization states of the storage media.  The other play -

back buttons allow you to reverse  replay the recording ( < ), to skip to 
the beginning of the recording ( |< ) and to skip to the end of the 

recording ( >| ). Try clicking some of these buttons to see their effects.  

Try clicking some of these buttons to see their effects.  
 

(a) (b) 
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Fig. 2. 7 . Screen shot of URS during playback of recording.  

 
The selections in the Replay  mode  frame specif y the methods for 

playing back recordin gs.  In Auto  mode the recordings are replayed to 
completion in the corresponding directions whenever the playback 

buttons are pressed. In Auto - Repeat  mode the recording is played 

back repeatedly in th e forward and reverse directions. In the Manual  
mode only the next frame (state) of the recording is displayed 

whenever either the > button or the < button is pressed.  You jump to 
a specific frame  of the recording by entering its position in the input 

box displayed after clicking the Go to  button.  
 

When you save a recorded calculation, URS stores the record ed data  in 
a database file in the same folder as the design file, using the naming 

convention designfilename_erf.mdb . For example, our design example 
is named (by default) urs_Untitled.mus ; if you were to save it without 

changing its name, then, the record file name would be 
urs_Untitled_erf.mdb . If you open a new file with recorded data in 

URS, the Rec/Playback  input area will start out enabled as in Fig.  
2.6b.  

  

Other Simulations  
  

Next, we carry out 2 new quick  calculations ( illustrating Reading and 
Media - test  simulations ) . Transitioning to  a new simu lation in URS is as 
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simple as making a selection from the  Simulatio n type  list of the 

Simulation  node  input area . You may also pick your simulation type at 
the New -design Assistant  as discussed before.  

 

Reading  simulation  example   
 

Select Reading  simulation in the Simulatio n node input area. You are 
presented with a warning dialog box that cautions about the 

availability of recorded data. Click the Yes  button to delete this data 

and continue with the calculation. The selection of the Reading 
simulation causes the  system to b ecome  differently displayed in the 

System -view  box  to now depict a shielded read head  (the default) 
positioned over the (still un -changed) media. Typically, a Reading  

simulation follows a Writing  simulation. This simulation calculates the 
read -back signal of a read head  moving over written media. Data 

inputs under the Reader and Media  nodes are most relevant for this 
simulation. (It would be quite instructive to quickly peruse  these input 

areas at this time  to familiarize yourself with the kinds of data use d in 
them , but for now leave the default inputs unchanged).  

 
Click  the Run  button  to start a  calculation . Observe how the  reader 

moves over the media during the calculations. The head output -signal 
curve is progressively traced out during the simulation. W ait for the 

calculation to complete; your screen should now look like Fig. 2. 8 

(after some re -sizing and re -positioning of windows).  
 

 

Fig. 2.8 .  URS windows after a Reading  simulation.  
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Media - test  simulation  example   
 
The Media test  simulation  is used to investigate  the magnetization 

behavior of the media separately, by calculating magnetization curves 
when an external field is applied to the  media.  To carry out this 

simulation , first ensure that Media test  has been selected in  the 
Simulation type  list of the Simulation  node input area.  The system 

displayed in the System -view  window will be changed to one now 

contain ing  only the  media sample.  The relevant data input areas for a 
Media test  simulation are those of the Simulation , Thermal source  

and Media  nodes. We will not activate a  thermal source for the 
present simulation. Click the Simulation  node to display its input 

area. You will notice that a loop  applied field is currently specified in  
the Media magnetizing field  frame. T his type of field attempts  to 

magnetize a sample through a ñcycle.ò  Check the Show field panel  
box. This causes the field panel  to appear. The field panel is  a three -

dimensional view of the externally applied field . Enter 500 in the 
Windows scale  box of the field panel window; this  will ensure that 

the field vector is fully contained within the field panel during the 
calculation .  

 
We are almost ready to start a new calculation. But b efore then, let us 

make a little ñcosmeticò adjustment  in the way the media 

magnetization will be di splayed. Under  the Display options  tab of the 
Storage layer  sub node, in its  Attributes to display  frame , un -

check the Color - coded M field  box. This causes the magnetization 
vectors of the sample to be all displayed in the same color as opposed 

to differen t  colors  that were the case  in above Writing  and Reading  
simulations. (Th is uniform  color can be changed  under the Lines and 

colors  node) . 
 

Click the  Run  button to start the simulation . Notice  how the changing 
external field is displayed in the field panel . At the end of the 

simulation, your screen should now look like Fig. 2. 9 (after some re -
sizing and re -positioning of windows).  
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Close the URS window when the simulation is over (save or discard the 
design when prompted).  

 

Summary  
 
The foregoing tutorial illustrates a typical URS session. In general such 

a session  entails the following steps:  
 

1.  Start the URS software, or for an on -going session, select  the 

File - >N ew  menu item.  
2.  If the New -design  Assistant  is displayed (the def ault), specify a 

preliminary design that is closest to your intended design and 
close the assistant by pressing the Finish  button.  

3.  Use the input areas of appropriate data category nodes to  fine 
tune the properties  of  your new design.  

4.  Run a simulation in th e foreground by click ing  the Run  button 
with the Run in background  box unchecked, or submit a 

background simulation by first checking the Run in background  
box and clicking the Run  button.  

5.  Note that you can easily toggle between different simulation and 
solver types in the same URS session. Media magnetization 

Fig. 2.9 .  URS windows after a Reading  simulation.  
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state s are fixed  during Reading simulations . Reading simulations 

would typically follow Writing simulations . 
 

 

Thermal  simulations  
 
Temperature effects can b e modeled  in a URS simulation by including 

a thermal source  component in the system. This applies to only 
Writing  and Media - test  simulations. In the former case this enables the 

simulation of heat -assisted magnetic recording  (HAMR) processes. For 
Media - tes t calculations, the inclusion of the thermal source  enables the 

investigation of elevated - temperature effects on the magnetization 
curves of the media sample.  To include a thermal source  in the 

system , check the Activate source  box near the top of the inpu t area 
of the Thermal source  node.  Separate thermal sources are maintained 

for Writing and Media - test simulations. Learn more about thermal 

sources in Chapter 3.  
 

Program Menus  
 

Much of the program ôs main menus play the ir  usual  roles in  standard 
Windowsô applications. MagOasis  tools for patterning array 

components ( Cellider ) , for creating initial magnetization states and 
extending media anisotropy characteristics ( Mag - O- Mat )  and for 

scheduling and monitoring batch backgroun d jobs ( MagJob ) can be 
launched from the Tools  menu. These utilities can also be found in the 

Magsimus Deluxe  program group that is created as part of the SVB 
software installation. You u se Cellider to carve out special shapes for  

your design components  and Mag -O-Mat to tailor special micro -

characteristics for them . The use of MagJob to run jobs in batch and in 
the background, faci litates parametric  simulations and design 

optimization. MagJob is also  convenient for after -hoursô unattended 
running of long si mulations. You typically complete your  designs 

separately. You then collate them and submit them for background 
execution. You can learn more about these tools  (including tutorials)  

from their web pages at the MagOasis web site 
(http://www.magoasis.com ) as  well as from their built - in online help  

facilitie s.  
 

MagOasis Application Software 
Architecture   
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The MagOasis application software architecture is illustrated in Fig 2. 7. 
All MagOasis appli cation software (Magsimus Deluxe, Spin -valve Bench 

(SVB) and Ultra -Recording Simulator  (URS) ) are designed around a 
common kernel  of services which is part and parcel of the Magsimus 

Deluxe application. In addition to the main kernel, other relatively 
smal l specialized modules are available to cater exclusively to the SVB 

and URS products. These modules offer code -optimization that is 
tailored to the applications.  

 

 
 

 

The  URS software communicates with  the  MagOasis kernel  to lev erage 
its high - level computer -aided design ( CAD)  features and its solution 

engine. The display window for a URS design  is in fact a specially re -
configured Magsimus System -Display  pane.  Right -clicking anywhere 

in this window displays a short -cut  menu that  allows additional 

interactive actions to be carried out on the displayed design. Also 
right -clicking a curve window displays a menu for saving the plotted 

data to file and for modifying its display characteristics. These  windows 
can be moved and re -sized.  URS ñremembersò the window sizes  

between invocations . The short -cut menus are discussed in detail in 
Chapter 4 . 

 

The designs created by all MagOasis applications (including the URS 
software) are stored in the same (Magsimus Deluxe) file format ( .mus  

files ). This means that you can read in a file created with the URS 

Solvers 

SVB Ext. 

CAD 

URS 
Ext. 

Spin-valve 
Bench (SVB) 

Ultra-Recording 
Simulator (URS) 

Kernel 

Magsimus Deluxe 

Fig. 2.7 .  MagOasis application software architecture.  
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software into Magsimus Deluxe, run a calculation on it and obtain the 

exact same result as doing so with URS. However, the converse is not 
always  the case as the URS software may modify files t hat were not 

created with it, when it opens them. It is always a good idea to work 
with your design files using exclusively the application software that 

was used for creating them.  
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Chapter 3 : Ultra Recording 
Simulator  Theory Notes  

 
 

This chapter offers an overview of aspects of the mathematical model 
of the URS software. This includes the discussion of computation 

methods, system components and the computation of material 
properties.  
 

Computational methods  
 
The URS software uses  numerical solution methods that are  based on 

the classical micromagnetic theory [1 ] for calculating the equilibrium 
magnetic state of a system. The system equilibrium  condition 

corresponds to a minimum of its free energy density. This condition is 
also equivalent to the vanishing everywhere, of the magnetic torque 

per unit volume, M  × H , acting on the system, where H  is the total 
effective field acting on magnetization  M . The classical theory assumes 

a constancy of the magnitude of the magnetization vector at each 

point of the system (i.e. | M |  = const.). The free energy of the system 
consists of the following components: Energy in an externally applied 

field ( also  calle d the Zeeman energy); Exchange energy; 
Magnetocrystalline anisotropy (or magnetic anisotropy) energy; 

Magnetostatic interaction energy. Corresponding to each energy term 
is an effective field  term that is proportional to the derivative of the 

energy densit y with respect to the magnetization. A more in -depth 
discussion of computation techniques and energy terms as the y apply 

to MagOasis software can be found in  [2 ].  

 

Dynamic  and quasi -static  calculations  
 

The user has the option of carrying out Dynamic  or  Quasi -static  
calculations in the URS software. Mathematically, this impacts the 

manner in which the system approaches equilibrium. For dynamic 
calculations, there is an explicit dependence of the e volution of the 

magnetization vector of a media point  on time. Thus, the resulting 
system states represent predicted true system transient  behavior. For 

quasi -static calculations , magnetization change is independent of time.  
In this case,  the  evolution of magnetic states with applied field  is 
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treated  as a sequence of static states.  Time -varying system stimuli 

(externally -applied fields, magneto -motive forces and temperature ) 
are applied step -wise at specified sampling points  during dynamic 

calculations.  
 

In  dynamic calculations the magnetization vector behavior under the 
influence of an applied field  is described  by the gyromagnetic damped -

precessional Landau -Lifshitz -Gilbert (LLG) equation [3] given by:  
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÷
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where M  is magneti zation vector , H  is applied field ve ctor , t  is time, g 

is the Gilbert precession factor and a is the Gilbert damping factor. 

Theoretically, quasi -static calculations are equivalent to infinitely -

damped dynamic calculations in which g in (1) is essentially infinite.  

 

URS simulation types  

 

The user can carry out any of the following 6 simulations (calculations) 
in URS:  

 
Writing : A  moving energized writer magnetizes a storage media.  The 

writer can be a combination of  a write transducer and a thermal source 
that heats the media.  

 
Reading : A  magnetoresist ive  (MR)  head senses recorded information 

on media and produces a read -back signal. The head can be just an 
MR sensor all by itself or it may be surrounded by (usually)  highly 

permeable poles . Media magnetization stays unchanged  during this 

kind of simulation . Note : A  Writing simulation will typically be followed 
by  a corresponding Reading simulation .  

 
Media test : A  media sample is subjected to externally applied vector 

magnetic fields to evaluate its magnetization behavior.  A thermal 
source may be included to investigate the effects of heating on media 

magnetization.  
 

Write field scan : A point field probe  is moved in a specified scan 
direction in order to detect vector c omponents of the spatial magnetic 

field produced by an energized write head. This simulation is useful for 
relating specified head magneto -motive force values to the actual 

fields they produce.  
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Media  field scan : A point field probe  is moved in a specified  scan 
direction in order to detect vector components of the spatial  fringing  

magnetic field produced by a magnetized media . This simulation helps 
in estimating the fringing field that would act on a read -back head 

during a Reading simulation . 
 

Write  and me dia  field scan : A point field probe  is moved in a 
specified scan direction in order to detect vector components of the 

spatial magnetic field produced by an energized write head  and a 
magnetized media . 

 

Magnetic media  

 
A magnetic media is always part of most  URS simulation types  (with 

the exception of the Write field scan  simulation) . The media is in  

general a multi - layer  structure , consisting of a ferromagnetic storage 
layer and an optional under layer that can be eith er a ferromagnetic or 

a magnetic -shield layer. Material and geometric characteristics of the 
storage and under layers may be  independently specified by the user.  

 
A ferromagnet is simulated by a three -dimensional rectangular array 

of cells . Each cell is un iformly magnetized and is characterized by a 
single magnetization vector of fixed magnitude that is free to rotate in 

three -dimensions in response to an applied field. A ferromagnet is 
further characterized by magnetic -anisotropy, exchange and thermal 

prop erties. Magnetic shields are characterized by magnetization and 
relative permeability properties (see the topic Magnetic shield model  

below).  
 

Write t ransducers  
 
The URS software implements Single -pole  and Longitudinal -gap  three -

dimensional (3 -D) write -head models.  A good overview of the 
applications of traditional two -dimensional (2 -D) versions  of these 

head types  can be found in [4] . The write poles in  these heads are 
represented by  uniformly magnetized finite -sized r ectangular -

parallelepiped components. The  surface charges appearing on 
designated active  bounding faces of the poles are  magnetic field 

sources in the system. During the write process the magnitude of the 
uniform pole magnetization vector is modulated by t he applied variable 

magneto -motive force (MMF) write signal.  
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Single -pole head   
 
The various single -pole write -head designs that are available in the 
URS software are shown in Fig. 3.1 . In traditional applications, t he 

single -pole head produces a predominant normal magnetic - field flux in 
the recording media. The head  consist s of a main pole P1 that may or 

may not be accompanied by an auxiliary pole P2. When present, the 

auxiliary pole can be located opposite the main pole, or on the same 
side as it, relative to the media. The software provides the user great  

latitude in altering pole geometry and relative locations.  The active 
pole faces of the write heads are those closest to the media. User 

input specifies the MMF m agnitude for the main pole ; t he MMF 
magnitude of the auxiliary pole is then established such that MMFs of 

the poles are inversely proportional to the area of their active faces. 
Such MMF distribution corresponds to that of  an ideally -efficient  single -

pole head.  
 

 

 

 

Longitudinal gap  head   
 

The Longitudinal gap  head of the URS software is illustrated in Fig. 
3.2 . The active faces are the opposing  faces in the gap region  G. The 

Fig. 3.1 .  URS Single -pole write head types (the arrows depict the direction of pole 

MMFs): (a) Main pole P1 with auxiliary pole P2 on opposite side of media; (b) 

main pole P1 wi thout  auxiliary pole; (c) main pole P1 with auxiliary pole P2 on 

same side of media.  
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media is magnetized by the fringing inter -polar field at the lower (ñair-

bearingò) surface of the head and at the lateral gap regions (producing 
ñside-fringingò fields). In practice this type of head is used for 

producing pr edominantly longitudinal write field components in the 
recording media.  

 
 

 

 
Moving thermal source   
 

The URS software implement s a moving thermal sourc e model (Fig. 
3.3 ) that can be used in conjunction with write heads to realize heat -

assisted -magnetic recording (HAMR) simulations (Fig. 3. 3b ). In this 
case, the thermal source functionally plays the role of a write laser 

device that is usually employed fo r such purposes in real - life 
applications. A stationary  thermal source is also available for media -

test  simulations; this permits the investigation of elevated 
temperature effects on sample magnetization. The URS thermal model 

is discussed in the section Thermal model  below.  
 

Fig. 3.2 .  URS Longitudinal gap head. P1 and P2 are the write poles (th e arrows 

depict MMF directions; G indicate the gap region between the poles.  
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The thermal source consists of an inactive stem  structure and a media 
footprint  region. The primary role of the stem structure is to facilitate  

the visual positioning of the thermal source by the user . The footprint 
which is the ac tive part of the structure  is a rectangular region that is 

centered about the stem in the plane of the media  and  extends 
through the thickness of the storage layer of the media.  The thermal 

source has a temperature  stimulus signal  associated with it. The s ignal 

output is applied uniformly to the region of the media enclosed  by the 
footprint.  During motion, h eating does not persist in a formerly 

enclosed media region that has  been vacated by the footprint.  
 

In Writing simulations, the thermal source moves to gether with the 
write head , and if the head is skewed  (angularly til ted from the 

longitudinal axis)  the thermal source is similarly skewed.  
 

Reader  
 

The URS reader is the shielded magnetoresist ive  (MR) read -back 

sensor structure depicted in Fig. 3.4 . The poles ( P1 and P2) are three -
dimensional magnetic shield components (see the topic Magnetic 

shield model  below). The material and geometric properties of the 
sensor and poles can be independently specified by the user.  

 

Fig. 3.3 .  (a) Representation of a thermal source in the URS software; (b) 

illustration of the use of a thermal source in the write process to simulate heat -
assisted magnetic recording ( HAMR).  
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The sensor response F(H) is the  spatial averag e of the individual 

responses  of its cells , that is  
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n is the number of cells, f(h)  is the scalar response  and  h is either the 

vertical  (w- ) or longitudinal  (u- ) component of the local  field . The 

choice of which component of h to use, will usually be dictated by 
whether the read -back is being calculated for a (predominantly)  

longitudinal or vertical media . 
 

In general the local field distribution is non -uniform across the sensor . 
For  pr actical applications , the choice of a response function should be 

informed by experimentally measured sensor transfer curves. The 
sensor is characterized by an MR ratio , sensitivity  and a bias field . A 

positive sensitivity input elicits a giant magnetoresi stive (GMR) sensor 
response, while a negative value elicits an anisotropic 

magnetoresist ive  (AMR) response  (Fig. 3.5 ) . An overview of the 
physics and operation of GMR and AMR sensors can be found in [ 6] 

and [ 7] .  
 

  
Fig. 3.4 .   URS Reader.  




















































