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IMPORTANT INFORMATION  

 

MagOasis  Spin -valve Bench ( SVB)  User Booklet  for use with Microsoft Windows, 

August  20 10 , Revision number: SVB40 052111 .0 19.  

 

© Copyright 200 5 -  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 accordance with the terms of such licens e. 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 SVB software. 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, representations or  

warranties conc erning 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 Spin -valve Bench software  
 

The Spin -Valve Bench (SVB) software is an easy - to -use application for 
designing multi - layer spin -valve device s. The user can easily specify 

the geometric and magnetic characteristics of a sandwich structure, 
the current - flow direct ion (CIP or CPP), and apply external fields in 

order to calculate magnetic state s and generate magnetization,  giant 
magnetoresistive (GMR) and anisotropic magnetoresistive (AMR) 

transfer curves. Spin -momentum - transfer effects can be accounted for 
in the ca lculations.  

 

System Requirements  
 

The Spin -valve bench (SVB) software is a Windows application, 
requiring any of the Microso ft operating systems Windows 95 , 

Windows 98, Windows 2000, Windows NT 4.0  (or higher ), Windo ws 
XP, Windows Vista  or Windows 7 to run. It will run within any standard 

computer hardware configuration that supports these operating 
systems. Naturally, performance will improve with increase in system 

processor speed and main memory (RAM) capacity.  
 

I nstallation  
 

To install SVB in your computer run the installation program, 

MagSetup.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 cr eates the following application groups: 

Spin -valve Bench  and Magsimus Deluxe . The SVB application is located 
in the Spin -valve Bench  group. The Magsimus Deluxe group contains 

the Magsimus program and powerful Magsimus' utilities: MagJob  
(batch job submissi on and monitoring tool) and Cellider  (array -

patterning tool).  
 

 

Activating Your L icense  
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After installing the SVB 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_SVBLicInstall_HK_JohnDoe1.EXEò 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 SVB 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 SVB 
software , send email to svb@ magoasis .com . Learn all about  MagOasis  

software by visiting the web page http://www. magoasis .com .  
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Chapter 2 :  Using SVB  
 
This chapter presents a brief tutorial of the SVB 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 systems.  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 SVB  
 

To run S pin -valve Bench , click on th e SVB  icon of the Spin -valve 
Bench  program group. The program begins to load and runs a brie f 

check of user - license privileges; if all goes well, y ou are presented 
with the  new -design dialog box  shown in Fig. 2.1 , from which you may 

begin an empty design or select from one of several design templates  
by making a selection from the Templates  box A. Starting an empty 

design gives you the opportunity to build up a new device from 
scratch.  

 

  

A 
B 

C 

Fig. 2. 1.  New -design dialog box  
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As you click on an entry in the Template s  box, an illustration of the 
design appears on the Illustration  box B and a brief descri ption of 

the design is displayed in box C at the bottom. Try out these actions to 
familiarize yourself with them. The other input areas allow you to 

characterize your new design further; you can learn more about these 
by clicking the Help  button. Click the  entry  Simple Pseudo Spin -valve 

cell  in the template box. Click and check the Use single - domain 
approximations  box and then click the OK  button. (An alternate way 

of completing the specification of a design is to double -click its entry in 
the Templates  box ). The windows shown in Fig 2.2 are displayed 

after the SVB software loads. Window A is the SVB window. It 
communicates with and controls the windows B and C. You specify 

your designs in the SVB window and also close the application from 

here. A design cre ated from the template we selected is displayed in 
the System -view box  C. The arrows represent the magnetization 

vectors of the components.  
 

 

 

 
 

 

A B 

C 

Fig. 2.2 .  SVB windows after startup completes.  
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Running Your First Simulation  
 
Let us now carry out a simulation (calculation) for the displayed 

device. A simulation produces and displays an evolving sequence of 
magnetic states and output curves of the device based on design 

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

the status bar  at the bottom of t he SVB window) and output curve  
windows are launched. Notice the selective modification of various 

areas of the window during a simulation --  in particular, the Run  
button is now labeled as ñCancel Jobò so that pressing it again 

terminates the calculation. Clicking  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 ). Since this is a firly 

quick calculation, depending on your computer speed, you may have 

to re - run the simulation a few more times to observe all these details. 
Now , move and re -size the curve windows so that your screen appears 

roughly as shown in Fig. 2.3.  
 

 
 

By default the SVB window is always displayed on top of other 

windows. You can change this behavior in the dialog box displaye d by 
selecting the Tools ĄOptions  menu.  

Fig. 2.3 .  SVB after a simulation showing curve windows  
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Entering Data  
 

The properties of a design are specified in the SVB window which is 
shown separately in Fig. 2.4. This window consists  of two main panes -

-  the left A and right B pane s. 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 different 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 turn. Scroll 
bars appear as needed in the data - inpu t 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 displays a help window describing  the inputs 

of the currently se lected node.  You are encouraged to use the help 
feature regularly to supplement the very  abbreviated overview of the 

input areas given here . 
 

 
 

 

A B 

Fig. 2.4 .  Close up of SVB application window  
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The first node (labeled ñSimple Pseudo Spin-valve cellò in Fig. 2.4) is 

the highes t - 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 re turn  the design  to  its  initial magnetization state b y clicking the 

Reset magnetic states  button.  The node Design  components 
provides the means for adding, deleting and editing design 

components. Right -clicking the icon of this node displays a short -cut 
menu for carrying out these actions. The components of the device are 

represented by sub nodes  of the Design - components  node. The 
properties of a component are specified in the data - input pane by 

clicking its sub node . Related component data are grouped under 
different tabs ( Geometry , Material  and Display opti ons ). The 

displayed design in the System -view window is continuously updated 
as you change the componentsô inputs. Try making some input 

changes to  some components under the Geometry  and Display 

options  tabs and observe their effects on the displayed devic e.  
 

Notice the specification of a loop  field in the Applied field  inputs and 
the choice of two outputs in the Output curves  inputs. The Views  

node provides  convenient means for displaying different views of the 
device and interacting with them.  

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

button to 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 foregro und 
simulation is running, you cannot do anything else with SVB until the 

calculation concludes. Background jobs execute behind the scenes, 
freeing you up to interact  with  SVB normally. A tool for monitoring the 

progress of background jobs is discussed in  the section Program Menus  

below.  
 

Recording the Simulation  
 

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

data outp uts etc.) of the design is stored during recording.  
 

Recording is carried out using the controls in the input area of the 
Rec/Playback  node. Select (click) the Rec/Playback  node ;  the 

current state of its input area is shown in Fig.  2.5a . Click the button 
labeled Turn on recording  (called the recording button ); i ts color will 
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change to red, and it will now read Turn off recording . In this state 

any calculation carried out would be recorded. 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. 2.5b . Notice 
how some controls in the Playback  frame (in contrast to Fig. 2.5 a) 

are now enabled. This is an indication that recorded data is available.  
 

 

 
 
Fig. 2.5.  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 calculations states in their normal  sequence . Notice that the 
computed states are played back both in the system -view box and 

curve windows (Fig. 2.6). Moving circular markers in the curve 
windows indicate the correspondence between curve points and the 

solution states of the design.  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.  

(a) (b) 
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Fig. 2.6 . Screen shot of SVB during playback of r ecording.  

 

The selections in the Replay mode  frame specify the methods for 
playing back recordings.  In Auto  mode the recordings are replayed to 

completion in the corresponding directions whenever the playback 
buttons are pressed. In Auto - Repeat  mode the re cording is played 

back repeatedly in the 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, SVB stores the recorded data  in 

a database file in the same folder as the design file, using the naming 
convention designfilename_erf.m db . For example, our design example 

is named (by default) svb _Untitled.mus ; if you were to save it without 
changing its name, then, the record file name would be 

svb _Untitled_erf.mdb . If you open a new file with recorded data in 
SVB, the Rec/Playback  input  area will start out enabled as in Fig. 

2.5b.  
  

Wrapping Up 
 

Let us conclude our example by introducing the field -panel  feature. 

The field panel displays a three -dimensional view of the externally 
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applied field. Click the Ap plied field  node and check the Show field 

panel  box  in its input area. The External field panel  window is 
displayed. Move the field panel as needed so that your screen looks 

similar to Fig. 2. 7. 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.  
 

Now repeat the simulation by pressing the Run  button. You are 
presented with a warning dialog box that caution s about the 

availability of recorded da ta . Click the Yes  button to delete this data 
and continue with the calculation. Note how the variation of the 

applied field is displayed in the field panel. Also observe the 
magnetization reversals of the device and the tracing out of the output 

curves. Cl ose the SVB window when the simulation is over (save or 
discard the design when prompted).  

 

 
 

Summary  
 

The foregoing tutorial illustrates a typical SVB session. In general such 
a session entails the following steps:  

 
1.  Start the SVB software, or for an on -going session, click the 

New  menu item.  

Fig. 2. 7 .  SVB application with field -panel  window shown.  
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2.  If the Starting new design  window is displayed (the default), 

make a selection of a template that is closest to your intended 
design or start an empty design.  

3.  Add new components or delete existing ones by using the short -
cut menu that is displayed by right -clicking the Design 

components  node or any of its sub nodes in the data -category 
pane. The sub nodes represent the components of your device. 

Specify the proper ties of a component by clicking its sub node 
and entering its data in the data - input pane  to the right .  

4.  Specify other inputs (electrical circuits, applied field, thermal 
properties or output curves) as needed by clicking on the 

appropriate nodes in the dat a-category pane and entering inputs 
in the data - input pane.  

5.  Run a simulation in the foreground by click 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.  
 

Component Specification H ints  
 

¶ Non -magnetic and shield  components do not play a role in the 
computation of the giant magnetoresistive (GMR) response of a 

device (GMR modeling is discussed in Chapter 3, Theory Notes ).  
¶ To exclude a magnetic comp onent from contributing to the GMR 

response, set its GMR ratio  input to zero.  
¶ To exclude a magnetic component from contributing to the 

anisotropic magnetoresistive (AMR) response, set its AMR ratio  
input to zero.  

¶ Shield components can not be used as electr ical - circuit 
components. To exclude a component from the device electrical 

circuit, set its conductivity to zero.  

 

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 background 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 -
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characterist ics 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 simulations. 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  
facilit ies.  

 

MagOasis Application Software 

Architecture   
 

The  MagOasis application software architecture is illustrated  in Fig 2.6 . 

All MagOasis application software (Magsimus Deluxe, Spin -valve Ben ch 
(SVB) and Ultra -Recording Simulator) 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 small 

specialized modules are available to cater exclusive ly to the SVB and 
URS products. These modules offer code -optimization that is tailored 

to the  applications.  
 

 
 

 
The  SVB software communicates with  the  MagOasis kernel  to leverage 

its high - level computer -aided design ( CAD)  featu res and its solution 

Solvers 

SVB Ext. 

CAD 

URS 
Ext. 

Spin-valve 
Bench (SVB) 

Ultra-Recording 
Simulator (URS) 

Kernel 

Magsimus Deluxe 

Fi g. 2.6 .  MagOasis application software architecture.  
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engine. The display window for a SVB 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 o ut 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. SVB ñremembersò the window sizes  

between invocations . The short -cut menus are discussed in detail in 
Chapter 5 . 

 

The designs created by all MagOasis applications (including the SVB 

software) are stored in the same (Magsimus Deluxe) file format ( .mus  
files). This means that you can read in a file created with  the SVB 

software into Magsimus Deluxe, run a calculation on it and obtain the 
exact same result as doing so with SVB. However, the converse is not 

always  the case as the SVB software may modify files that were not 
created with it, when it opens them.  It i s 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 : Spin - valve 
Bench  Theory Notes  

 
 

This chapter  discusses  certain aspects of the mathematical model of 
the Spin -valve Bench (SVB) software. A brief description of the SVB 

solvers (dynamic and quasi -static), the  formulation of the  giant 
magnetoresistance (GMR) model and the calculation of 

magnetocrystalline aniso tropy and exchange interaction  are among the 
topics discussed. SVB is a Magsimus  application. Magsimus is 

MagOasis ô general-purpose micromagnetic design software. SVB 
leverages the high - level CAD features and rigorous three -dimensional 

micromagnetic analys is engine of Magsimus; it is optimized for the 

solution of its specific class of problems, by relying on a sub category 
of the more all -encompassing Magsimus formulations [1]. The 

treatment given here re -casts the Magsimusô formulations in a manner 
specifi c to the SVB program.  

 
The software represents  each magnetic component by a Magsimus 

array  object.  An array is collection of three -dimensional rectangular 
cells  defined in a regular rectangular lattice. Each cell is uniformly 

magnetized and is characteri zed by a single magnetization vector of 
fixed magnitude. The components can be normal -magnetic , 

permanent -magnetic  or non -magnetic  and can be three -dimensional  
magnetic shield  objects . The magnetic vector states of normal 

magnets are free to change in thre e dimensions with applied field. A 
permanent magnetic has an unchanging magnetic state. Shield objects 

act as field sources owing to the surface charges that are induced on 

their surfaces.  

 

Magsimus uses solution techniques that are based on the classical 
micromagnetic theory [2] for calculating the equilibrium magnetic 

state of a system. The equilibrium condition corresponds to a minimum 
of the free energy density of the system. 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 
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field ( also  called the Zeeman energy ) ; Exchange energy; 

Magnetocrystalline anisotropy (or magnetic anisotropy) energy; 
Magnetostatic interaction energy. Corres ponding to each energy term 

is an effective field term that is proportional to the derivative of the 
energy density with respect to the magnetization. The computation of 

these energy terms are discussed in detail in the Magsimus user 
manual [1]. The calcul ation also takes into account  the fields that are 

produced by currents flowing in conductors making up specified  
electrical circuits. These combine with the fields from other sources to 

influence the magnetic behavior of the system.  
 

Dynamic  and quasi -stat ic calculations  
 

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

manner in which the system approaches equilibriu m. For dynamic 

calculations, the re is an explicit  dependence of the evolution of the 
magnetization vector of a cell on time. Thus, the resulting system 

states  represent  predicted true system transient  behavior . For quasi -
static calculations magnetization c hange is independent of time.  In this 

case,  the  evolution of magnetic states with applied field  is treated  as a 
sequence of static states.  Time -varying system stimuli (external fields, 

currents, thermal sources etc.) are applied step -wise at specified 
samp ling points  during dynamic calculations.  

 
In dynamic calculations the magnetization behavior of a magnetic cell 

is represented by the gyromagnetic damped -precessional Landau -
Lifshitz -Gilbert (LLG) equation [ 3] given by:  

 

ö
÷

õ
æ
ç

å
³+³-=

dt

d

Mdt

d M
MHM

M a
g        (1)  

 

where M  is magnetization vector , 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.  

 

GMR Model  
 
The phenomenon of giant magnetoresistance (GMR) refers to the 

change in resistance of magnetic material with applied magnetic field, 
which arises from spin -dependent scattering of spin -polarized current 
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flowing th rough the material [ 4]. This effect has been extensively 

investigated for multi - layer magnetic sandwich films of diverse 
technological interests. Phenomenological approximations are 

frequently employed in computing giant magnetoresistance in the 
context of  a micromagnetic model. The SVB software uses a 

generalized phenomenological model that combines the usual 
magnetization cosine dependence of resistance change with a 

dependence on current distribution in  the magnetic components 
( layers )  [5] . These effects  are accounted for in calculating the changes 

in the local conductivities (due to GMR) of the individual computational 
cells making up the magnetic components . The conductances of the 

components change  correspondingly and the  current giant -
magnetoresistive  response of the device is expressed by its GMR ratio  

(DR/R) given by :  

 

 
max

max

G

GG

R

R

GMR

-
=

D
         (2)  

 
where Gmax  and G are respectively the maximum -possible and current 

total output conductances of the device . The existence of an  output 
conductance  of a potentially multi -component device , presupposes its 

determination relative to  specified electrical input -output leads . In the 
SVB software, the user never needs to worry about these leads as they 

are set transparently by  the program  to correspond to device electrical 
circuits (see below) specified by the user . The maximum conductance 

Gmax  is the total conductance when the whole device is uniformly 
magnetized (saturated) in an arbitrary direction in space.  

The construction of the model for a variety of  devices will now be 

considered beginning with the simple sandwich film structure shown in 
Fig. 3. 1, which consists of two magnetic layers separated by a non -

magnetic spacer layer. Two linear electrical circuit configurations of the 
structure that are of i nterest are also shown in the figure. These are 

the current - in -plane (CIP) and the current -perpendicular - to -plane 
(CPP) configurations. In the CIP case, current flows parallel to the film 

plane while in the CPP case it flows normal to it.  Linear circuit m odel 
representations offer first -order approximations to the effects of 

current distribution in the specimen. Higher order effects are usually 
beyond the scope of phenomenological models, but instead are the 

subject of much work in the literature under the  various classifications 
of transport  and quantum -mechanical  models.  

 
Each magnetic layer of the sample is characterized by an intrinsic 
(magnetic - independent) conductivity s0 and the maximum  GMR ratio  
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(
maxR

RD
=t ), that expresses the maximum (percentage) change Ds of 

its conductivity from the intrinsic value, due to GMR effects. The 
maximum GMR ratio of a component is entered explicitly by the user in 

the SVB us er interface . A good estimate of it can be provided by 
experimentally -measured bulk GMR transfer curves. It is related to Ds 

as follows:  
 

0tss=D           (3)  

 

The conductivity of a computational of layer 1  of Fig. 3. 1 is given by  
 

),1(cos
2

1
)1Ĕ(
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1
303130 +¡D+=+ÖD+= qesssess gg mm  
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3
3

,max Ii

I
g =e  (4)  

 

where  ss D=¡D 3m , i1 is the magnitude of current  in the  cell of layer 1, 

I 3 is the magnitude of the bulk current of layer 3  (eg3  is a measure of 

the fraction of current flowing through layer 3 ),  1
Ĕm  is the unit 

magnetization vector of a cell of layer 1,  m 3 is a current -distribution 
weighted  average of the unit magnetization vectors of the points 

(cells) of magnetic layer  3 and q is the angle between 1
Ĕm  and m 3.  

Vector m 3, unlike a unit vector, does not necessarily have a fixed 
(unit) magnitude, but can vary in size between 0  and 1 .  

 
An expression similar to (4) can be written for the cells of the other 

magnetic layer (layer 3). These are used in conjunction wit h current -
density distribution data to obtain the conductance  of individual 

components of the device by means of standard field integration 

techniques.  The total GMR ratio of the sample is then obtained for the 
whole device using expression (2) above.  

 
When a magnetic layer is close to more than one other magnetic layer 

and involved with them in influencing the GMR process, then we make 
the assumption that each neighboring layer makes an equal 

contribution to the magnetization dependence of GMR response. T his is 
the case for example of the internal layers of multi - layer films 

consisting of 3  or more magnetic layers. Subsequently, the general 
form of equation ( 4) becomes:  

 

ä +ÖD+=
i
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n
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1
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where, n is the number of neighboring magnetic compo nents. Figure 

3. 2 illustrates in compact form the formulations for a multi - layer film 
with three magnetic layers. The general form ( 5) is also used in 

calculating the self -GMR response of a single magnetic layer as 
illustrated in Fig. 3. 3.  
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Fig. 3. 1.  Simple sandwich film structure: Schematics of (a) sample, (b) current - in -

plane  (CIP) equivalent electrical circuit and (c) current -perpendicular - to -plane  (CPP) 

equivalent electrical circuit.  

Fig. 3.2.  Calculation of the GMR response of a multi - layer film with  three magnetic 

layers. The left - side of the diagram depicts schematics of the specimen and its 

equivalent CIP circuit; the right side shows mathematical formulations  for evaluating 

the conductivities of the computational cells making up the components;  the quantities 

invo lved are discussed in the text.  
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Above discussion presumes  that a finite current flows in the sample. 

The SVB software will still generate a GMR output even when no 
current has been specified. In this case the  device is supplied by a 

fictitious unit current source  and  the model employed as before . The 
magnetic fields produced by the fictitious sources are not accounted 

for  in calculating the magnetization processes in the device. The 
software defines as the nei ghbors of a component (for GMR 

calculations), the closest magnetic components preceding and 
following it in the design hierarchy. Furthermore, components for 

which GMR ratios are specified to be zero are not included in MR 
calculations. This offers a usefu l ploy for isolating a magnetic 

component from consideration in determining MR responses, by 
setting its GMR ratio  to zero.  

 

Spin -momentum Transfer (SMT) Effects  
 

An intriguing recent phenomenon obse rved in certain GMR multilayer 
film samples is the interaction between spin -polarized electrical current 

and magnetization. This manifests itself in the form of a spin 
momentum transfer between the sense current and magnetization in 

J (current-density) vector 

mT 
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(m1, J1) 

(m2, J2) 
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Fig. 3.3 . Calculation of the self -GMR response of an array. sT is the conductivity o f 

a target cell T with n = 4 nearest neighbors.  The quantities involved in the 

expression for the conductivity are discussed n the text; imax  is the maximum 

electrical current magnitude of the array cells . 
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GMR multilayers [ 6, 7].  Thus, in addition to its usual role of sensing 

resistance change, the sense current can alter directly the 
magnetization state of the sample through the mechanism of 

momentum transfer. This fact holds the promise of ushering in as yet 
untapped novel techn ological applications.  

 
It has been shown [ 6] that SMT can be effectively modeled by 

introducing an additional damping  term in the LLG equation  or 
equivalently, by introducing a new spin -momentum transfer effective 

field term in evaluating the damping torq ue. SVB defines this effective -
field to be compatible with its generalized GMR model. For a dynamic 

calculation (and CPP circuit) it works out to be  
 

ää -=-=
n

i

iiI

n

i

ii
B PIhP

VeM

Im
mmH ss

l
      (6)  

 
where  l is damping factor, m B is the Bohr magneton, e is electronic 

char ge, V is the volume of the target component, M is its 

magnetization , I is the magnitude of the electrical current flowing 

through it  and  
VeM

m
h B

I
l

s=  has dimensions  of field per current . The 

summation in ( 6) is over appropriate  magnetic neighbor s of the 

component for which Hs is being computed  (the target  component). 

The selected neighbors are those for which traceable positive  current 

paths exist between them and the target. Momentum transfer is 
brought  about by polarized incoming electronic flux from the neighbors 

flowing i n opposition  to the current. The vector  m  is the magnetization 
vector of each neighbor and is equal to the average of the unit 

magnetic vectors of the cells of the array.  Pi = sin( j/2), where j is the 

angle between the target and neighbor, is a measure of the relative 

polarization between the target and neighbor. We simply refer to it as 
the polarization  here.  h Is --  referred to as the  SMT field per current  in 

the SVB software --  can classically be estimated using (6), however , 
the user is free to specify a  different value for it in the software . 

 
Above observations also apply to the calculation of  self -SMT effects  of 

array component s. In this case each array cell experiences an SMT 

field in which the summation term includes  appropriate nearest -
neighbor cell s.  These are the neighbors located ñdownstreamò on the 

path of the local current density vector.  
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SMT is a purely dynamical effect. However, the SVB software includes 

a formal phenomenological extension for quasi -static calculations. The 
quasi -static appro ximation for ( 6) used by SVB is given by  
 

ä-=
n

i

iiI PIh mH ss         (7)  

 

where h Is > 0 is a user -supplied SMT field per current  parameter  which 

again may be estimated using ( 6) .  

 
In the software, the models described by (6) and (7) are referred to as 

classic  and user -defined  SMT models. For  dynamic calculations, the 
user has  the option of using either model; for quasi -static calculations 

the user can only use the user -defined model . Aspects of SMT effects 
in a thin - film media and a simple multi - layer s andwich sample  are 

illustrated  in Fig. 3. 4.1 and Fig. 3. 4.2.  

 

 

 

Fig. 3. 4 .1.  Self SMT in film media.  Shown is a  planar view of the sample. The media is 

modeled by rectangular computational cells  labeled by the encircled numbers 0 ï 8; cell 

0 is the target  cell whose SMT effect ive field is given by equation ( 6 or 7 ) in the text. The 

current density ( J) vectors are illustrated in Fig. (a); they can vary from cell to cell. The 

cells highlighted in yellow are the relevant nearest neighbors used in the equation --  they 

are oriented downstream relative to the J vector of the target and are thus the polarized 

electron sources for it. The magnetization vectors ( M ) of the cells are depicted in Fig. 

(b); the neighboring M  vectors M 2, M 3 and M 5 are respectively parallel, anti -parallel and 

perpendicular to the target M 0 --  their polarization relative to the target are therefore, 

respectively P2 = 1 , P3 = 0 and P5 = 0.7 .  
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AMR Model  
 

Anisotropic magnetoresistance (AMR) is another manifestation of the 
magnetoresistive effect, of a different physical origin than the giant 

magnet oresistance described above  (see the section GMR Model ) . It 
occurs when the magnetization of a component changes direction 

relative to the current flowing through the component. The literature 

contains many good and detailed discussions of this phenomenon and 
its applications (see for example [ 8] ). Unlike GMR, it involves only the 

self magnetization of the component. The conductivity of each 
computational cell of an array component changes by virtue of the 

AMR as follows  
 

,sin2

0 qsess aD+=  
maxi

i
a =e       (8)  

 

where  s0  is the intrinsic (magnetization - independent) conductivity of 

the component,  i is the  magnitude of  current in the cell, imax  is the 

maximum current magnitude of  the cells  (ea is a measure of the 

fract ion of the componentôs current flowing in the cell), q is the angle 

between the directions of cell magnetization and current -density 

vectors and 
0s

sD
 is the maximum AMR ratio of the component . The 

Fig. 3.4. 2 .  SMT in simple sandwich film media.  A cross -sectional view of the sample 

is shown.  A pair of magnetic films (colored green) is se parated by a non -magnetic 

spacer layer (colored yellow). Current flows perpendicularly relative to the media plane 

(CPP current ). M  is magnetization vector; I  and e represent conventional and electronic 

current flow directions. Each magnetic film is thus t he nearest neighbor of the other 

when applying the effective - field formula ( 6 or 7) of the text. The following observations 

apply to the indicated media states: (a) Only the top magnetic film experiences SMT 

field, because electron flow is from the bottom film and the polarization P is non -zero; 

(b) only bottom magnetic film experiences SMT field, because electron flow is from the 

top film and P is non -zero; (c) neither magnetic films experience SMT field, because P = 

0.  
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latter quantity is the componentôs AMR r atio  that is entered by the 

user .  
 

As in the case of GMR, the cell conductivities (which may change due 
to AMR) are  used in conjunction with a componentôs current-density 

distribution to calculate its conductance. The total AMR of a device is 
calculated f rom the expression:  

 

min

min

G

GG

R

R

AMR

-
=

D
         (9 )  

 
where G is the conductance of the device and Gmin  is its minimum 

condu ctance, calculated by setting  the cell conductivities to their 

intrinsic values s0  everywhere. In the  case when no current flows in 

the device, the AMR response is calculated as with the GMR model,  

using a circuit which is supplied by a fictitious unit current source .  
 

Exchange Interaction  
 

Exchange is a short - range magnetization coupling mechanism of 
quantum -mechanical origins in magnetic materials. It is primarily 

responsible for the spontaneous magnetization observed in 
ferromagnetic materials and occurs between the elementary magnetic 

mome nts making up a sample. These interactions can be modeled by 
phenomenological effective field terms in micromagnetic models. SVB 

models the exchange interaction between the nearest -neighbor cells of 
a component ( intra - layer  exchange) as well as the exchang e 

interaction between neighboring components ( inter - layer  exchange). 

The intra - layer field experienced by an array cell is given by  
 

ä= mH Ĕex

ex H         (10 )  

 

Where Hex is the exchange field amplitude and the summation is over 
the unit vector magnetization mĔof the nearest -neighbor cells. For the 

rectangular computational grid used in SVB, each internal  
computational cell has four nearest neighbors. This number is 

generally less for edge cells. The inte r- layer exchange interaction field 
acting on a cell is given by  

 

mH
ex

ex H=          (11)  
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where m  is either the unit magnetization vector of the corresponding 

cell of the neighbor  component,  or the average of the unit 
magnetization vectors of the cells of the coupled component. These 

are indicated by checking or un -checking the relevant Use cell - to - cell  
box in the input area for specifying the properties of a normal -

magnetic component. The exchange interaction promotes the parallel 
or anti -para llel coupling of the magnetization of the coupled objects, 

depending on whether the specified coupling field amplitude is positive 
or negative.  

 
By default, SVB  offers the user the option of specifying exchange -

interaction inputs as a field ( Hex). Alternat ively, the user may opt to 
specify exchange interactions by means of an exchange parameter A 

[ 9]. This can be done by making the appropriate selection in the 
Options dialog box  (displayed by selecting the main menu item Tools -

>Options...). The exchange fie ld magnitude and the A parameter  are  

related by the expression: Hex  = ( 2A / Md2) where d is the distance 
between the coupled objects: for intra - layer exchang e coupling, d is 

the center - to -center distance between adjacent cells  while  for inter -
component coupl ing, d is the distance between the geometric centers 

of coupled components.  
 

 

Uniaxial and Pinning Magnetic Anisotropies  
 
Uniaxial and pinning magnetic anisotropies are quantum -mechanical 

mater ial phenomena. Uniaxial anisotropy is one of a variety that can 
occur in polycrystalline material resulting in the preferred orientation 

of magnetization vectors along certain crystallographic directions 
referred to as easy axes . For the uniaxial case, the re is just one easy 

axis per point (or per cell) of the specimen. The array component is 

therefore characterized by a distribution of easy axis directions. The 
uniaxial magnetic anisotropy field acting on an array cell is given by 

the first order approxima tion [ 9]  
 

kkmH Ĕ)ĔĔ( Ö= kk H          (12)  

 

where Hk is the magnitude of the anisotropy field and kĔis a unit vector 

in the direction of the cell's easy axis. The field Hk is related to the 
magnetization M of the component and its magnetic anisotropy 

constant K by Hk = 2 K/ M. The pinning anisotropy is a unidirectional 
anisotropy characterized by a constant field Hp acting in a fixed 

direction.  
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Thermal Model s 
 

The magnetic characteristics of real ob jects depend on temperature. 

Material properties at absolute zero temperature (0 oK) are implied 
when thermal effects are neglected in calculations.  In general, 

magnetocrystalline and shape - induced anisotropy fields tend to 
decrease at elevated temperatures . Energetically, this can be 

explained in terms of the energy well that separates hard and easy 
anisotropy directions. The thermal energy absorbed by the body as its 

temperature is increased, statistically perturbs the energy well, 
resulting in a decrease of its effective depth. Magneto - thermal 

properties are exploited in various heat -assisted magnetic device 
switching technologies.  Thermal sources  that supply constant  or pulse -

train  thermal input signals may be specified in calculations.  

 

Two types of ther mal models are implemented in the software: a 

Classic  (MagOasis - legacy) model and a Stochastic  model. A description 
of these models follows.  

 

Classic  Thermal Model   
 

The classic model is a  simple thermal model th at neglects the 

dynamics of thermal variations. It is assumed that the establishment 
of thermal equilibrium in the device occurs instantaneously and that 

the temperature is uniform throughout the device. The following first -
order approximation of the tempe rature dependence of anisotropy field 

is used:  
 

,THH kok q-=     kok HH ¢¢0        (1 3)  

 

where Hk is the magnitude of a (uniaxial, pinned magnetocrystalline or 
shape) anisotropy field, Hko  is the anisotropy field at absolute zero of 

temperature, q > 0 is a phenomenological temperature coefficient of 

field and T is temperature. An un - related random perturbation solver 

procedure for testing the stability of converged states, offers a natural 
thermal vibration effect for the model.  

 

It sh ould be noted that the magnetization magnitude of an individual 
single -domain cell is preserved in this model; the cellôs switching field 

magnitude however, decreases with increasing temperature, making 
its magnetization more susceptible to reversal.  
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Stoc hastic  Thermal Model   
 

The stochastic thermal model follows the treatment described in detail 
in [ 10 ]. Each computational cell is subjected to an additional effective 

temperature -dependent fluctuation field of  fixed magnitude that varies 
randomly in direction from cell to cell. This randomness is uncorrelated 

in space and time and thus produces a white -noise  effect. The model 
in its original form applies exclusively to dynamic calculations  ï 

however , a formal e xtension of it to quasi -static calculations is 

provided by the SVB software.  
 

The fluctuation field magnitude is given for dynamic calculations by  
 

MVt

Tk
H B

th
g

a

D
=

2
         (14)  

and for quasi -static calculations by:  

 

MV

Tk
H B

Tth F=          (15)  

where a is the damping constant of the LLG equation ( 1), kB is the 

Boltzmanôs constant, T is temperature, Dt  is a characteristic thermal -

settling  time (taken equal to the numerical integration time step) , g is 

the precession factor of ( 1), V is the vo lume of the computational cell 

and FT is a user -supplied pre - factor.  

 

Magnetic shield model   
 

Magnetic shields represent ideal soft magnets . The paper by Oti [ 11]  

describes in detail the magnetic -shield model th at is implemented in 
the SVB software . This technique enables the modeling of linear 

saturable, finite -sized, three -dimensional shields.  
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Fig. 3. 5 .  Illustration of meshing of the faces of a magnetic shield component.  

 

When shields are subjected to magn etic fields, free magnetic poles are 

induced on their surfaces. The induced poles act as field sources in the 

system. Rectangular meshes are defined on the bounding faces of the 
shields (Fig. 3. 5) to obtain the surface -pole distributions. Each 

individual c ell of a mesh is referred to as a panel . The pole at a surface 
point is obtained by invoking image boundary conditions that must be 

satisfied at a shield surface point. The surface pole density is assumed 
to be constant within each panel of the surface mes hes. The center of 

a panel is used as the reference point for calculating the pole density. 
The induced pole density at a surface point is given (in cgs units) by  

 

öö
÷

õ
ææ
ç

å

+

-Ö
=

r

rT
s

1

1

2

)Ĕ(

m

m

p
s

nH
        (1 6)  

 

where H T is the total field (from all sources) acting at the surface 
point, mr is the relative permeability of the shield and nĔ is the external 

normal to the shield surface. For an ideal shield ( mr = Ð), the induced 

pole density is ps 2)Ĕ( nH Ö= Ts . The saturation of the shield im poses 

physical limits on the magnitude of the induced pole density. This is 
expressed by the saturation condition :  

 

ss M¢s            (17)  

 
where  Ms is the saturation magnetization of the shield.  

 
The SVB software allows  the user to specify  the surface mesh 

dimensions of a shield object and to activate or deactivate  individually 

the  bounding faces of the shield . I nduced surface charge s are  
neglected  for  inactive face s.  
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Magnetization Output  
 
The SVB s oftware calculates the total magnetization of a device as the 

total magnetic moment divided by the total volume of the ( normal -  
and permanent - ) magnetic components of the device.  
  

Pulse - train Signal P rofile  
 

The SVB software allows a user to specify a pulse - train  (thermal or 
electrical -current) signal that feeds a device. A pulse train is a 

sequence of positive and/or negative -going signal pulses of varying 
durations. A pulse train is characterized by a profil e pattern , a signal 

rise time t r and duration t d, a maximum signal level I max  and a 
minimum signal level I min . A profile pattern is represented as any 

combination of zeros (ñ0ò) and ones (ñ1ò). A ñ0ò and a ñ1ò has 
corresponding signal levels I min  and I max  respectively lasting for the 

duration t d. The rise time is the time of transition between signal 

levels. A 01001 pulse train with defining parameters is shown in Fig. 
3. 6.  

 

 
 

 

 
 

Fig. 3. 6 .  01001  pulse - train signal profile. The p rofile is characterized by maximum  

signal level I max , minimum signal level I min , signal rise time t r and delay time t d.  
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Chapter 4 : System - view  

and Cur ve - window menus  
 

System -view and curve -window short - cut menus for interacting with 
and saving data for SVB design s are discussed in this chapter.  

 

System -view Menus   
 

A three -dimensional image of a SVB design is displayed in the System -
view box . Clicking anywhere in the System -view box displays a short -

cut menu (Fig. 4.1) that allows additional interactive actions to be 
carried out on the displayed de sign.  

  

 
 
Fig. 4.1.  Short - cut menus in System -view  box . 
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Descriptions of the menu items follow. The descriptions explain what 

happens when the menu items are clicked.  

Show (Hide) it eration update panel . Displays  or hides a window  
(Fig. 4.2.)  that displays certain useful snapshots of system iteration 

charac teristics. These include total computation time, time per 
iteration, iteration step sizes, free energy density values etc.  

 

 

Fig . 4.2.  A snapshot of the iteration update panel .  

 

Save magnetization field (M) data  (applies only to array 
components). Displays a standard dialog box for saving the 

magnetization field data of the selected component to file.  
 

Edit electrical contacts  ((ap plies only to array components).  
Displays a dialog box for some editing of the shape of input -output 

electrical contact pads of the component. This dialog box is described 

below in the section Editing  Electrical Contacts .  
 




































