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55306202 : Major (PHYSICS)
Keyword : micromagnetic simulation, remanence

MISS Chorkaew CHARERNCHART : Micromagnetic study of pole tip remanance in

perpendicular magnetic recording heads Thesis advisor : Badin Damrongsak, Ph.D.

In this thesis, the pole-tip remanence in magnetic write heads, which is one of significant
problems in perpendicular magnetic recording, was studied using the open source micromagnetic simulation,
object oriented micro-magnetic framework (OOMMEF). The pole-tip remanence is the remaining out-of-plane
magnetic field on the main write pole after a write current was turned off. It can also occur from device and
slider fabrication during magnetic field initialization (MFI) process where the external magnetic field was
applied to magnetic recording heads. In the first section, a simplified 3D model of the magnetic write head was
employed to investigate the effects of geometrical parameters and physical properties variations on the pole-tip
remanence. In principle, the writer model was applied by the external magnetic field in two directions: one
direction was in the z axis to simulate the induced magnetic field generated from a write coil and the other was
in the y axis to simulate the MFI process. After the magnetic field was set to zero, magnetizations inside the
write head were relaxed back to-the equilibrium state, minimizing the internal energy. At the steady state,
the pole-tip remanence can be determined by averaging magnetizations on the main write pole. In addition,
the calculated demagnetization energy was used for an analysis of the magnetic flux leakage corresponding to
variations in the geometrical factors and the physical properties. The pole-tip remanence in a more realistic 3D
model of the magnetic write head was presented in the last section. We studied the effect of the write head with
different yoke parameters, including flare angles and throat height, on the pole-tip remanence. Moreover,
the influence of magnetic properties on the pole remanence was investigated. Simulation results from both the
simplified and more realistic models revealed that the throat height had a massive impact on the pole
remanence. The remnant field was minimized when the throat height was shorter than 150 nm for the simplified
model and 130 nm for the realistic model, respectively. The flare angle of the write head also affected the pole
remanence. Results showed a decrease in the intensity of the remnant field for the narrow flare angle.
In addition, it was found that the magnetic properties of the write head had the effect on the pole remanence.
The magnetic write heads made of a soft magnetic alloy (such as NiFe) showed less pole remanence compared

with those made of a hard magnetic alloy (i.e. CoFeNi)
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6.1 I5MMIMIVVANAAD (static method)

o

an a d AYo o aaA . . v A
’J‘ﬁﬂﬂJ’Jﬂ!Llﬂﬂﬁllﬁﬁﬂlﬂuﬂgﬂﬂﬂuﬂﬂ@ Brown’s Static Equation aandasluaunisi
) v Aax dy A A = o J Y o v dou a
(2.16) dmsuIsmsimsnaeuivewunil lnstusznos g ‘ng‘lﬂﬂﬁllWH‘ﬁﬂ‘U‘V]ﬁ‘V]NﬂJ@ﬂ
[ <3 Y] . 1 o 1 $
auLtranegIna (H,, ) 611!&@]@3@]%&?71!@1?1?(5]1’38@1%@@
. Y o o g Yy A v &
Brown’s equations ﬂzi%ﬂwuamwaw1uumwaﬂmmizuﬂwuaﬂmqﬂ ANUUTINIGD

WOUTUMTNEINUTINYDITLUY (gibbs free energy) TaasauITh (2.11)

SE,, = I(EEX+E +E,, +E,)dV 2.11)

M.H,_ —uM.H,)omdv

o (2.12)
+j 2A™ 5m lds =o
an

tot

{ o < 4 4 (% o
Taeh E, Ao wasgmondsus E, As wasimuou loleInsil E Ao wasauuunii-

Tnaadn oz E, Ao wasaudiau

e sm=mx50 VINUULNU M adlugun1if (2.12) Taef v- (Wxu) = u- (Vx W)
=—u-(wxV) laaeaumsn (2.13)

OE _
Eo =], mx{ZV (AVM) = ar;m + M H ;M H }sedv

om-. |
+f [ZA—Axm}MdS (2.13)
oV on
=0
T911 60 AeyunyUTUAY (clementary rotation) Milu arbitrary LAz INAUNIT (2.13)
A

3 Y A A 1w Jd v A
ﬁ”l?J”IiﬂL‘]J‘L!fijﬂﬂ BMDULITNUASINDNNTDINAUNMNUFUIANTNUNITN (2.14)

l—|ﬁ

x| 2V - (AVIT) — 5 +uMH_+ M H } 0
m

R (2.14)
omn
2A—A>(m :O
on o
A y o Oom v om v & 4
NTUNITN (2.14) Gll.lﬁllﬂ1iﬂ']uﬁ1\1 6—><m:0 UUIAIUIN 8_:0 JUURNNINBDT
n n
L 6A I Aa Aan A ~ o Y 14 1 dy =] o
m iag 8_ Kb+ ‘1/113J3J 90° LTUD Gl,uﬂ’Ni]L‘]JLlﬂi\ill')‘ﬁlﬂfl')‘ﬂﬂ%ﬂ?iﬁl’)ﬂlﬁﬁ)ilﬂﬁ?ﬂ ']L‘]Juﬁufl
n

m I o.l ke
"l@’fﬁa“lﬁ’a— 0 st ldaunuusimandinadaaunsi 2.15)
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Hy =2 vem-—— Fan g o, .15)
M #M, om

~ ~ [N~1
NNFUNITN (2.15) ansaeu vy

MxH, =0
m 0 Brown’s Equations (2.16)
on|,,

=L A

. 3 an X Y Y=L v A @ = @ o
Brown’s equations L‘]Juil‘ﬁwuWIt‘fmWm;.,i"lﬂaQmiﬂmiﬂmwaumﬂullmclf%umﬂwm@

V2 A & X "o o o " 3 g Yy A
meaﬂ%ﬁﬂnzﬁmm Glf\“l"llu’ﬁlfmlﬂﬂﬂ'l5'@ﬂﬂlﬁ]\“lWﬁ\?\?'luﬂ'lfJGlu'JﬁﬂlliJlﬂﬁﬂi'ﬂu’ﬁ]ﬂﬂq@

2.6.2 35aamvv1adin (dinamic method)

Y 9 o ag o :;ds{ 1o o Y 9 =
u,mmﬂﬂmmum‘ﬁmimmmmuemeJmmwawm“lwuawqmm free energy

U

=x o

o (% (% 14 a zé cht:all 1A d' = o d'd%l
dmivTaqules suunan $9351U9g lueTuedsmsuwlasunlaswnil nsunaudumal
= Y Ay A S a M gAY
Tuanzauga azlulsgiiniiianudesntsimmeluzosveseriaaan lasw Aedoanis
< ] o < ! Y o Av A 1Y
AuiTazaNunuLtulunssanudeyange uonvintidiliauitenernunis
= = o AX o y , . ' ' a Jd
nasuuasvesuunitlmssunauauaT (magnetization dynamics) dau1nansnsizias
Y ]
YuogNULUVTIA03 lauIln (dynamic model) ANN131 1A U0 T Landau 1a g Lifshitz [28]
uaz'lasumsUsulgwnlylae Gibert [29]
9 9
) 1 o <3| o o o
Turdeiiazna1ddaiaanns Landau-Lifshitz 18z Gilbert (Y unun$raosd1msunis

i1 H Y
mﬁ@uﬁﬂlmunﬂu"lmm%u IﬂEﬁ]%Lﬁuﬂ’ﬂiﬂmﬂ@]N‘iZW’JN‘VIQﬁﬂﬁﬁhﬂ1illﬁ$ﬂmﬁhﬂﬁﬂlﬁd

. . S v o 9 1 ~t
magnetization dynamics fuivene Ui

2.6.2.1 MIHYUIDVUNUNAN (gyromagnetic precession)
4 @ o o s < [ 1 [ 1
NNAAIANTAIDUAN (quantum mechanics) mmﬁnwuﬁﬁgﬂuaﬂmuﬂuizwan

Jd [ v A ad I @
Tmuummmaﬂuaﬂmumm&nmu (angular momentum, L) voiptannsou Wuasaums
m :_7,[ (2.17)

d' A [ 1 a . . =\ a
e 7 AeoaT1aIn la TsuunUAn (gyromagnetic ratio) ttaz TunstivesluTasuunuan
T W [ a ad 1 3 - -
1¥a1oas1aiu 1 Tsuunudnueeddnasoutianilu 2.211x10° mA™s"
9 a @ v o o ' A
waza o lenge ) Tumudumanuduiusyessasiarunislasunilasves

v A @ 14 { o 1 1 < [
I?JL?JHG]?JWQH?Jﬂ']JVI@iﬂ (torque) ﬁﬂi%‘ﬂ”l@]’f)’f)‘l;lﬂ?ﬂIﬂﬂﬁ‘hﬂlllllllﬁaﬂ ANTUNIT
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2 mxH 2.18
o X (2.18)

Wauns (2.17) unualugunis (2.18) vz Idaun1si (2.19) F9eFu18n1 5y

1 < [l <
Tmnuéﬁmmaﬂﬁ@ﬂﬁmmmmaﬂ
— =—ymxH (2.19)

{ 1 { 4
uazmmﬁmmmswgngﬂﬁﬂﬂm AMNDA DT (larmor frequency, fL ) [27] ®0150
o Y [ g
mmm"lmnﬂﬁumsmu

(i

o (2.20)

A =~ Jd ] = & 1 [
INFUNIIN (2.19) mmsmmﬂuimuummmaﬂmaﬂiuwuawuaﬂﬂ%mmmﬁumﬁ

1. d>m m
e Z =~y Z < H (2.21)
dv = dt dv
A = o A S g & ' Y
Llagﬂ']ﬂUfJ'liJ!HJﬂuhlﬂlG]f"]fu M 'ﬂ'f)IllHJu@ilﬂlﬁaﬂiu‘WUQWU'}ﬂﬂ%N']@i ﬂgﬁllﬂallﬂ’]i

3 duyums NYU3 PULNUAANADILDY (continuum gyromagnetic precession model)

({j—l\f = —yM xH (2.22)

[Y) d
2.6.2.2 aumsaua — aWFne (Landau — Lifshitz equation)
puusIaed lawidnd M iunImaouN U HYUAYe NN N Fuso
1 <3 @ — g’u ) . . g
auuuiangina H , asasngniudueles Landau iag Lifshitz 141l 1935 Wugiuveq
° 2y v A A Yo
puvSaest lannaumsi 2.22) aumsglunumsvyusouununalsaeoiio 9z 1

aumsg
(L—'\t/l: —yM xH (2.23)

~ ' =2 = o ] S o 1A
aunN1In (2.23) ‘]J\i‘]J’é)ﬂﬂ\iﬂWiIﬂ%i"lJle,!,llﬂuulﬂlcﬁ%uiﬂﬂﬁHTNLmLﬁﬁﬂ&NNﬁ Iﬂ&lhlllll
A ~ o YA A ' 3 o 1 y A 4 J
mimmmummuuﬂu”l‘wLcwuclwuﬂﬁmmmaumunmaﬂmwa GI’E]lﬂul,mWiJWi]u"llfNﬂ@iﬂ
9 A Y = v o A (% a A v W ' [~ g Y
!flﬂhl‘]J L“INfJGI,WLmﬂuU]fVILG]be’uﬁlﬂliﬂﬁﬁﬂﬁluﬂﬁmEJ’Jﬂuﬂ“]JﬁuHJll,llmaﬂENWa ﬁ]1ﬂuu%$1@ﬁhﬂ1i

Landau — Lifshitz # a7l
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MxHeﬁ)—M—M x(MxHeﬁ) (2.24)

S

4 S { v . L
o A>0 1uainanmnizyeada A (phenomenological constant characteristic of
A

material) ttag M, Apunnil lnasusuaa

2.6.2.3 aumsaum-avlInasnaiisn (Landau - Lifshitz Gilbert equation)

1 a J X :
Tudl a.¢1. 1955 Gilbert 1@W11d0N15 Landau-Lifshitz @150 W gl 1ADnuuUile ¥
A S Y . 9 o =\ @ 1
a1150N g1l 1d91naNN1T Lagrangian TaglFeed1lsznovvoaunil Tnmduluunueig o

waz Gilbert ldtaue ¥inumeunos a1l 1daumsin (2.25)

d = A
—:—]/OM XHef‘f +M—Mx_ (225)

v
= 1w

A I ' A ] a ad 3 A 2 a
o o >0 HuAnINMINUIvDINaII T (Gilbert’s damping constant) NYUBYAV WA

)Y

voaiag Taena lifimegluas o-1 daulun a v21ieendt 0.1 ¥5091992610910.01 M fio
= @ A ] A 9 a A A = @ - A
punil lnwsu dt Aegrwrarildlunisivsanmsmaouivewunil lnwsu H,, Ao
] 3 o A = v A o A o J a

auuimMandina M, Aouunil lmssududa uaz y, Aesandiu s Tsuunman
ANUUANANNTIAYTLHINANNIT Landau-Lifshitz 1asaun13 Landau-Lifshitz Gilbert

A R Y g’; = 9 @ a 4 % 1 [

ADD I IINITOIAUNITILNANUAABABUINTUNTIAAUAFITAT BNAIDHIUTUANNIT

{ ] T . I a
Landau-Lifshitz 40159 (2.24) ﬁul1iﬂllﬁg])ﬁ\l%)ﬂﬁﬂﬂﬂwmﬂﬁhﬂﬁ Gilbert éfiﬂum”lmﬂmiq

Aa o — ¥ 9 {
udrensaiga lnemsna M Mo nvesaunisn 2.25) 1z 14

. d™M . - a - dM
Mx— ==y, Mx(MxHg )]+ M x| — MXx—
o= M x(MxH, ) (Ms ” J (2.26)
mnuldnninediendnual ax(bxc)=b(a-c)-c(a-b) unzitosnn p.M _q 12’4
ot
- oM N oM
Mxﬁz—}/OMx(MXHeﬁ)—aMSE (2.27)

UNUAUNIN (2.27) aalumounaavosaumsn (2.25) ldaaaums
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oM - Y oM

E:—%MxHeﬁ—zl/\OA—aMx(MxHeﬁ)—azg (2.28)
dagtaumslmiz 18

oM Yo & 0 Yo _ _

S T NixH, ——2%  Mx(MxH (2.29)

ot Lra? (1+a®)M, <(MxHy )

9 v
fnuali y=17/—02 vindui lunuluaunish 2.29) 18aun1s Landau-Lifshitz Gilbert
+a

NI0ITENEDT] NAUNT LLG HEAAIAITUNITN (2.30)

M \ (& -
T = M x Hy = LN x(MxHy ) (2.30)

. D . Y d 14 ! 4
AUn15 Landau-Lifshitz Gilbert 9z 53 n0v T dasdoanan Taun wariniswvyn

(precession term) Qe NI INUN (damping term) ﬁmﬁm”lugﬂﬁ 2.40 [30]

Heff

DL L MM

() (V)
A A A ~ o A Yo a a 3w
T]JV] 2.40 ﬂ”lima’e)u‘n"ll@QLL‘JJﬂ‘L!llmclﬁmmﬂ"lm‘]Jﬂﬂﬁwail”lﬂﬁu”l‘JJu‘JJmaﬂENNa () ﬂ"ﬁﬁl’!u

U

puv Timaniag uag (1) ManyuuUUINMIng

. ¢ L ¢ ¥ o

103U 2.40 (M) ABWIUNITHYY T, =—yM x H,, NOINITAININAVIZUIVYDINN-
= o Il 3 o =2 o Y = Y ] 3 o A A
ullmcmmuasammmmaﬂmwa imnﬂ‘mmﬂu"lmmumumuammmmaﬂﬂwa IQEJ‘JJVI?I

< a 3 o J A Aa ~ U S
V]?MLﬂJﬂJlﬂWﬂ"IL‘]JLlNﬁ3J”Iﬁ]"|ﬂi’)§]5Tﬁiulliliillllﬂluﬁﬂﬂﬁﬂaﬁiuﬁﬂﬂ”ﬁﬂ (2.30) FIUNIUNADY

4 1 a — — — 14 1 o o o 1 4
ADWIUNITHUN T, =M x(M x H, ) nosnagaanaii lduunil Insdundugansnd

S

[ ° o & o { a { a 4
Wasuiga Asiuuunil lnFulsdesyudlon NUDIFNANA TNV NN T
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=\ v 9 [ A Y <3 1 A A ~ )=}
Lmﬂu”lmﬁwuﬂmﬂimwmmiﬁymweclﬁummmaﬂaummmm%wuﬂm LLiJﬂuul‘Vl-

= A @ Y 1A 1 <3 [ [ A
muwﬂaaummgﬂﬁmmﬁmmmmaﬂmwamuﬁﬂﬂugﬂw 2.40 (v)

2.6.3 AMNUUNITIANTIN
o a g < ] < 4 o Y

uuudaed lauinves Tumuauuman luimanmes Tsesusasuia ldanauns

& 7 P . 3 "
Landau - Lifshitz Gilbert (413 (2.30)) mwaumim;uuazwwmiwu’awzﬁuagﬂu

[] <3 [ - [ g}/ =K 9 o A ~ & =\ @
auNLNImangIna H g A UIIADIAIUIUNTIAOUN TUT IV Z VO AT TNy F U

) [] I o I o a H o 1 4 1 <
Tasn ludranuuumandinaidludlrosuiedusannszige Tumuawiman Tagaiuso
{ o ] I 1

ﬁ;iﬂ'lﬁ'ﬁnﬂﬂmﬂ‘ﬁﬂuuﬂmwawmmmizuu duitluravinnmsnasuuasveauunii’ln-

FFUAIFUNITA (2.31)

5 1 ¢E

eff :_,u_a_l\ﬁ (2.31)
0

9
(% @ 1 <] [ a 1%
NAMNUMINUAVDITSU VLN AN (total energy, Etot) ﬂi%ﬂﬂﬂﬁ}’JEJWﬁNﬂu 4 BUAA

~ 9 1 [ < 4 o d [ A a tg @ an 1
qUNIIN (2.31) ]’lﬂllﬂ WA ULD NHLBUD (Eex) W UNAINUNNATUIINOUATNTIITE NI

[

3| o d‘zg 9 =
) Wundeanunvvednu Insea31anan
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wund InFunegaany nasnuweule Ty Insd) (E

U ani

@ ] [ @ 2 o
GU’E]\?'J’L’fQ]LHJLWﬁﬂ Wmdumunﬂﬁ”lmcwu (E

dema

< @ A a 2 =\ @
g) uluwaNm‘ﬂmﬂmﬂaummmﬂu“lmm%u
A a @ (% = 1< (% A ] <
naaneludag nagwaanudsuuy (E,) Wunaaanunuinnduiniimannisusn lag

uaaaseaziven luatens 11l [26, 27, 30, 31]

Eot =Eo +E.i + Egerag 7 E (2.32)

demag zee

2.6.3.1 NAINUBNHHIHD (exchange energy)

v <] 4 L] @ an ) ' = o A a o =
WaQﬁ1ulﬂﬂcﬁl%uﬂlﬂuﬂuﬁiﬂiflﬂui%ﬂ%ﬂu‘] 53W’JNLHJﬂuulﬂlcﬂ%uﬂﬂﬂﬂ@ﬂullﬁ$ll

u

= a o

Y A v A = o { Y [ [ ad .
‘wumclumﬁmmmmﬂuulmcwuﬂagmﬂuﬁlwmu1uﬂu Wa\i\‘]'lu"ll’f)\‘iulmc]fulﬂiﬂ (heisenberg

hamiltonian) 9203 U18090UATN3 8 anUA8U (exchange interaction) LAAIRIANNIT

N A
H., :—ZZJijSi-Sj (2.33)
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I 4 A A v A =y
WasIuu among first neighbors ( fN )Lﬁa S, uag S, ﬁa‘[mnumwmmmaﬂu uay

A a a o & & I o A Y ) A ' 3 v ' '
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a 1% 2 a3 Yo 13 = . & 1 =
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]

1


file:///E:/$thesisสมบูรณ์/ithesis/complete/52การศึกษาไมโครแมกเนติกของสนามแม่เหล็กคงค้างบริเวณปลายโพลในหัวบันทึกข้อมูลแม่เหล็กแบบแนวตั้ง.docx%23_ENREF_26
file:///E:/$thesisสมบูรณ์/ithesis/complete/52การศึกษาไมโครแมกเนติกของสนามแม่เหล็กคงค้างบริเวณปลายโพลในหัวบันทึกข้อมูลแม่เหล็กแบบแนวตั้ง.docx%23_ENREF_27
file:///E:/$thesisสมบูรณ์/ithesis/complete/52การศึกษาไมโครแมกเนติกของสนามแม่เหล็กคงค้างบริเวณปลายโพลในหัวบันทึกข้อมูลแม่เหล็กแบบแนวตั้ง.docx%23_ENREF_30
file:///E:/$thesisสมบูรณ์/ithesis/complete/52การศึกษาไมโครแมกเนติกของสนามแม่เหล็กคงค้างบริเวณปลายโพลในหัวบันทึกข้อมูลแม่เหล็กแบบแนวตั้ง.docx%23_ENREF_31

51

A A J @ Aad Y a A A v oA

imenazszgndnasnuved lamiisnldlumsesuiendeiios Tumudusayuved
=Y d = . 4
atluvzgaunudiennmes S, =SS, 1as S, =S, =S uaznnaunsi (233) awsndien
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HanauFIanani (dot product) 1o 1% ldndsnud ndisudsail
2
E, =-2JS %coseij (2.34)
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4 X 1 a o v Aa a — [
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— 2 1 = Y y. s a =
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Y
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A ! J o 1 L. a . W . v 4 @ 3 7 s
5\13) I’ij Lﬂulaﬂlﬁ@iﬁnlwuq (pOSlthIl vector) GIJEN’dﬂ‘L! I DU J ANUUNAINUBNBLIT U

= Y o
?f”I‘JJT'iﬂL‘lJfJuulﬂﬂﬂﬁiJﬂ1§

E, =322 3[(rv)m] (237)

i

nMsrIRasIunuuaeiiiedlu i szgnunudleduiinsamuSuias (V) vesiag

9
2 v @

g Iy w 1 Ao = ) 3 o ) ' o A
meaﬂMaﬂimammmaQﬂﬂm muuwawmmﬂ%wmm@giugﬂaumsmu

(2.38)



52

A A J Ad < J ] I °
Wo A A9MAINDNFITUY Wiy J/m Qﬂﬂﬁ’iuﬂiﬂﬂ

(2.39)
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Vg =V-M (2.51)
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3.1.1 MW 1a09VB ALY

v A 9 ] < I o ] S Aa 9 Aaf A 1 o dy
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(1) Twadoundy (return pole) (2) ¥AAIA (coil) (3) auxiliary pole Lag (4) Twavian (main pole)
o A Aa v d” a [ v A I
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[ A [ 9 ] < A Y [
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Aa o v A Y 9 . . v
Uitlmiwaﬁaﬂ Q) DTN UVIUYNNDIATUUN (side view) (e () DTN UVIUY NN O

Munin (front view) [11]
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J 1 @ dy
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1) ANUENIVBIHATEUAIUAG (head width) 1280 nm
2) ANVENIVBIHIVEUAUE) (head length) 1280 nm
3) Anweniare Twaveasiaideu (throat height) 100 nm
4) anunevestlarsIna (track width) 80 nm

5) vuAueyuUa¥ (flare angle) 30 degree
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v A I 3 1 3w Y o a = J
mmau%gmgmwumaamﬂuwaaaaa S UUIA 10 x 10 x 10 nm™ ASUURAVIUNLLDD
] g’/ & 1 4 1 a
goyNINUA 200 x 200 x 8§ = 320,000 LHaa c?iqmmmatmazﬁ'mmmwamzﬁ’m"thumm
o J A Y =) % 1 I A 1w = o
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z
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A v oA Aq v o a 4
311 3.3 jnswesiveunlyluyuiiaesneunines

~ a s ° a [
AT NN 3.1 W'li'lllm’f]iﬂi“]ﬂullﬂﬂ%Wﬁ@\iﬂ%ﬁﬂflllW'Jm@i [5]

AR E S
head length, (nm) 1280
head width, (nm) 1280
flare angle, (degree) 30
throat height, (nm) 100
track width, (nm) 80
head thickness, (nm) 80

A a 2 1y T 3 A ° A I
AT N 3.2 WT§11ILﬂ@iﬂlﬂﬂ?ﬁﬂllhlﬂﬁﬂﬁﬁl%clulLUU%WﬁfJQWNﬂ@NW’Jm@i [5]

wiimes VEERLY
exchange constant (A), (J/m) 1x10™"
anisotropy constant (K,), (J/m’) 95.5x10°
saturation magnetization (M_), (A/m) 1910x10°
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set pi [expr 4*atan(1.0)] {
PLexp Ui 1
set mu0 [expr 4*$pi*le-7] Yo 2 4 v o Adqua
l¥mruanunvoinveun lenasan

Specify Oxs ImageAtlas:atlas { -
pecify Oxs_lmag xrange ADAINE1 IULUIAU x
xrange {0 80e-9} "
yrange A9ANNE IULUILAU y
yrange {0 2000e-9} -
zrange AoANeN UL Z
zrange {0 2000e-9}
viewplane yz MUUATEUIYD IV UTIADIR WU
[ 4 ~ 1 9 9
image headfront.bmp fmua llanmainfina iy
[ dy A = 4
colormap { fvuanunvesdn lianw
o ) v W ] <3
black magnetic Taomviual black TrTUITALNLKAN
white vacuum Iag white t’hﬁ%ﬂﬁjﬁ@“ﬁllijﬁ
< ' <]
} ﬂ'J']lIL‘]Ju!LiJL“Hﬁﬂ
}
ToaA
Specify Oxs_RectangularMesh:mesh { ‘ aun 2
I 1 { o
cellsize {10¢-9 10e-9 10¢-9} cellsize uarunldmmuavinaveusad
atlas -atlas g0e151MN5UUe Taaliuuin xx yx z
¥ T
[m— e e e e i e —— = = aun 3
1Specify Oxs_UniformExchange { |
|
|
1A le-11 ! e o4 .
I > 1¥MuuanIAINeNGBUD (A)
1} : ,
e ! Tuniie I/m

I - o ! d' =
;Specify Oxs_Uniaxial Anisotropy { ——s ldmruamasnueu le TaTngd (K)

:Kl { Oxs_AtlasScalarField { Tun1ie J/m’ 1ag easy axis voauou lo -

I
jdefault_value 0

|
|
1 ! I 'cTJ" [ 1 < S
jatlas :atlas 1 NIV TUITQUUHANUADS BUA
|
|
I I
1

9 [

[ 1 d‘ =)
jvalues § _5  tmuamasiiven e Ty Instdmsy
| ,4’J” @ [} <
Imagnetic  95.5e3 I aquuvian
I : v A -
lvacuum 0 —odolls mvuamaeinenle Ta Tnstlé sy

@ { ' < 1 <
} agh lulanuihuniman



axis { Oxs_AtlasVectorField {

|
I |
| |
atlas :atlas I
I |
values { 1

|

1 .
jmagnetic {0 1 0} i
|
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@ ' <

> MUUANANN easy axis TIHTUIAAUUAAN

q

I o N . o [ Y] $ [
jvacuum {0 0 0} —pm=m--- > MUUANANN casy axis d115UTdQN 11T
I 1 I [ I~
P} I anudluaivan
| |
jnorm 1.0 1

I

Specify Oxs_UZeeman [subst {

multiplier [expr 0.001/$mu0]

— daufi 4

U g Y o 1 1<
’ﬁ'J‘L!ﬁi“]fﬂ'l’l"iuﬂﬂlu’lﬂﬂlﬂﬂﬁu’llﬂllﬂﬁaﬂ

MU UYL mT HALMHUANANI

Hrange { .
VOIAWINUUHANMIUDN (LAY x LAY y
{0 0 0 0 1000 O 1} Y
LAZIAY z) W OUNALIL stage VOITUY
{0 1000 O 00 0 1} L.
\ wimaniuyeges
}] I @ = =
el A RN (LW, +====> [JUNoNVIATTIUVOINAINUALNNI-

Specify Oxs_TimeDriver {
basename imageatlas

evolver :evolve

mesh :mesh

Tnadu Taoh Gudunsazszyaasa

119 Fam Tl @esuunudae

1 <3 1 '
---> ihganzaugaivied Taslinieg

F¥190- 1

) §ouiis

__________ [J VA IJa J 9
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augailo Z—T <1 deg/ns
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_________________ | '
| : - ° 1 v A o
Ms { Oxs_AtlasScalarField { i Tommuaawunil Induands (M)
|
| ! 0w '
, atlas :atlas I Tuniig A/m dvsusazans
|
: default value 0 I
| ! ° 1 ~ v A o o @
, values { -2 Mvuasuundl Ingsududadmi
-=F"
| . - 1] [}
; magnetic 1910e3 1 ﬁmmmﬁﬂ
I I o 1 =} L% ¢Q' U o [
jvacuum 0 —ooes F--=2 Amuanuunil lnassuduaidmsy
_________________ 1
[ { ' < 1 <]
} agi lulanuihuiman
Y
T TTTTmTmmmmmmm [ s - L
'm0 { Oxs_AtlasVectorField > FMHUANAN VAN TNy U
| 2 o [ ] < 1 a o
: atlas -atlas , Fudu MUTVITQPUUHANANFUANU
|
|
; values { I
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[ 1] [ d‘d . | .
1. N1IVNAVINNTHNLHANNN easy axis 1iuuuy Cubic

set pi [expr 4*atan(1.0)]

set mu0 [expr 4*$pi*le-7]

RandomSeed 1

Specify Oxs_ImageAtlas:atlas {
xrange {0 80e-9}
yrange {0 2000e-9}
zrange {0 2000e-9}
viewplane yz
image headfront.bmp

colormap {

black  region_1

white vacuum
¥
¥

Specify Oxs_RectangularMesh:mesh {

cellsize {10e<9 10e-9 10e-9}

atlas :atlas
}
Specify Oxs_CubicAnisotropy {
K1 { Oxs_AtlasScalarField {
atlas :atlas
default_value 0
values {
region 1 278.6

vacuum O
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axisl {010}
axis2 {00 1}

H

Specify Oxs_UniformExchange {
A le-11

H

Specify Oxs_UZeeman [subst {

multiplier [expr 0.001/$mu0]

Hrange {
{0 0 0 0 10000 1}
{0 1000 0O 0 0 0 1}
H
H

Specify Oxs_Demag {}
Specify Oxs_RungeKuttaEvolve:evolve {
alpha 1
H
Specify Oxs_TimeDriver {
basename imageatlas
evolver :evolve
stopping_dm_dt 1
mesh :mesh
Ms { Oxs_AtlasScalarField {
atlas :atlas
default_value 0
values {
region 1 1592¢3

vacuum O

i
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mO0 { Oxs_AtlasVectorField {
atlas :atlas
values {
region 1 {0 0 1}

vacuum {0 0 0}

norm 1.0

i

vector_field output format {text %5g}

}

U w A

o d‘
2. avam sl UaINBIIKANME LN HNUF AV 11990 1NHAVBITUININIHANDINNITDIY

Y Qo v S adn P | . .
ﬂ’i%!!iﬂ?’iﬂﬂ‘“ﬂﬁ?ﬂﬂ?‘i—ﬂ HAsaINUNLTIaNNU easy axis il Uniaxial

set pi [expr 4*atan(1.0)]

set mu0 [expr 4*$pi*le-7]

Specify Oxs_ImageAtlas:atlas {
xrange {0 80e-9}
yrange {0 2000e-9}
zrange {0.2000e-9}
viewplane yz
image headfront.bmp
colormap {
black  region 1

white vacuum

H
Specify Oxs_RectangularMesh:mesh {

cellsize {10e-9 10e-9 10e-9}

atlas :atlas



}

Specify Oxs_UniformExchange {

A le-11

}

Specify Oxs_UniaxialAnisotropy {

K1 { Oxs_AtlasScalarField {

atlas :atlas

default_value 0

values {

}
i

region 1 95.5¢3

vacuum O

axis { Oxs_AtlasVectorField {

atlas :atlas

values {

i
}

region 1 {0 10}

vacuum {0-0 0}

norm 1.0

Specify Oxs UZeeman [subst {

multiplier [expr 0.001/$mu0]

Hrange {

0 0 0
0 20 0
0 0 0
0 -20 0

1}
1}
1}
1}
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H
Specify Oxs_Demag {}
Specify Oxs_RungeKuttaEvolve:evolve {
alpha 1
H
Specify Oxs_TimeDriver {
basename imageatlas
evolver :evolve
stopping_dm_dt 1
mesh :mesh
Ms { Oxs_AtlasScalarField {
atlas :atlas
default_value 0
values {

region 1 1910e3

vacuum 0
H
3
mO { Oxs_AtlasVectorField {
atlas :atlas
values {
region 1 {0 0 1}
vacuum {0 O O}
H
norm 1.0
3

vector_field output format {text %5g}

}
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