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Abstract

The magnetic domain structure .of ‘a“magnetic disk depends on its geometrical
factors such as thickness and diameter and: can:be single domain, vortex domain or
multi-domain. The vortex domain structure is'mostly observed in a sub-micron
permalloy disk. In this thesis, .we investigate the vortex domain by the
magneto-resistance measurement.

We prepare two series of permalloy disks with diameter ranging from 0.5um to
1.9um by e-beam lithography. The thickness of one series is 38nm and the other is
48nm at remanence. The domain structure of permalloy disk with geometrical like
this is vortex domain. In order to make an electric measurement, several identical
disks are distributed atop a 30nm thick Au strip with a width same as the disk
diameter. Contact configuration is arranged for a four-terminal electrical measurement.
The magneto-resistance measurement are made in two configurations. In LMR,
current is parallel to external magnetic field. In TMR current is perpendicular to
external field.

Magnetization can be well described by anisotropic magneto-resistance effect



(AMR) resulting in the exploration of magnetization reversal of domain configuration
of the permalloy disk. We can obtain annihilation field and nucleation field from the
measurement. Our data show both nucleation field and annihilation field increases
with decreasing disk diameter.

The domain of disk in applied magnetic field is treated as off-center rigid vortex
structure; i.e., the vortex keeps its spin distribution while being displaced. The rigid
vortex model vyields the analytical expressions for the size dependent vortex
nucleation and annihilation fields.

The simulation gives a quantitative agreement with the vortex annihilation field
that obtained form MR curves. The vortex nucleation field from the experiment data
is about one quarter of the theoretical prediction, however, it has a qualitative

dependence on its geometry as expected.
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Jy >0 RIS PR SRRV 0 (BRSSO
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& sgér L?JFE‘FFF ;Fﬁ?;[r//jt_{kﬁ,?ﬂ -5t 4 (Body-center cubic) » FF [F‘ﬁ Brthao HIJ- [_{FFF[[)%EU

16



(CE")FIU?&‘ ;’—‘, iEEIJFJ: t@

AW, = 2J82a22(a Via) —2J82a22[(V0( )? +(Vay) +(Vaj )]
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L gy Pe(0Pa()
I Jov e T

2-2.3 EI[f|1%E2 (Anisotropic energy)

R T 91 AR T T ) PSR A5 T i T e gh
b+ PSR IR S n@*nﬁaf LA B ) RREHT T
O [y e PIRIPRE RS o 25 PP Sl (crystal anisotropy) 5 %

17



PVt BRRLEES I TP g B R T 5 P D R TR ) 12 (shape
anisotropic) = £! || L H B 1
fo=> K,'sin”" @

BRI R O KV pAA(easy axis) LRI ) HEREIELT 7 A
[FIJE?*]’;EI U ISIIESES s ST B mﬁl*b[pfipﬁ%ﬁﬁELIEBJE' Z[EF S ARy
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R4 (vortex domain)
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i =ia > tEVRE - RIGEHES Ey2057727 -
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RS [ RO IR T fFIJFB‘/Uﬁ'J%’?‘}?ﬂ— 248k (single domain) » FIJ¢7 7%
(B P e R AT AT RN I (R R
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M I o 1 iR RTAL B B -V AR DR 2-14 T

16
7 -
14
129
10+
g *
T ﬁ_
44 M=
2_’ 140 G
] BOO G
o +—s—r——r——--—r——-——-—--v—-—-iBl G
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2-3 ?l‘r‘:?[njﬁfrlﬁ (vortex domain)pvg=El

=5 1B B OB AT 2 LS, 91 R % 28 (1R [ 5 1 )
F%ﬁ@(rigid model) e fff  BEiH R, > 1] 2 EHEHEEEB V=B 2 (B RS  5
ﬂIZeman energy; Vortex coref Ur*fﬁfﬁ[ﬁ%iﬁ”ﬁ 1FF [ﬁ 3%‘11“]%[[% ik 7] [}jﬁ

2-3.1 FFJJF' E](rigid model)
m&IFﬁI@?ﬁﬁmF T T IPET6] - T vortex core FEELRVIEAEF - T s;f
TS TLERGIFIAESERS vortex: core ORI [y > DR 2-15 ﬁ'{ vortex core T [l

BT oA wﬂ*ww&hﬁL

=0
2bp (b? - p*)
m =—"—, p<b m, =-———=, p<b
4 b2+,02 p— b2+p2 p—
=1, p>Db =0, p>b
i = I\I>I/| =M(p, ) =m ot M @+ m.7 EFEEEEER 1o FHES p 278 o AURK
T [pp ) M ELBEARE D HfirsedOR] B permalloy Eﬁ £% 800emu- b £% vortex core

e E'i’p< DI 7 PR PR % oy p > b o R T
B oS5, vortex core BfEZES]] BT [ B PUREET > 25 (S A
B E]

m, +im, = fxv_v m, - i‘WEV (2-2)
+wWw
o _
w= (&), if| f(&)|<1 (within the vortex core) f(§):%.§ c:%
_ 1) it :
|f(§)|,| | £(5) > gzx:y

FEMIFRARLEI] > D1l 2-15 > 4] vortex core P52 MR 1 g > T (£) =%§ i
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qgﬂ 2-15  [fESLE(rigid model)=- enﬁ%ﬁ' o I [ESPRR 1o gt o i 2 A5 53 5 vortex

core i i IR H T BLASEERL B 1o ]  o

2-3.2 VR oAl
% T (25 ]EZ(exchange energy)
fls2-7 & rfllgurﬁj‘q% » L (R UF‘ [aas

W RM

ex

+(Vm, )2 +(Vm,)?]

EF[1R, £ exchange length » V £3 Fﬁ‘% LR (2-2) 0 B s )ETHWI?E' I,EE'JFJ:’E@
W (8)
M 2V
ZS{PY* L EE i vortex: core BERRF 188+ I [FHRZIRE ] ;[ 2-16 5T

= We, (S) = Wey (O) _E(?)Z Sz

IR ESRR [ AW, = W, () — W, (0) SEHEHH I % AR = - fgr}ﬁ[ @& > vortex core
FEEESE [ = (B [HER (=i ) -
F%Fﬁ?gﬁt(magneto-static energy)

FJ' vortex core M FTEIHRE 1=K > | IF] 7 vortex core (iU ['rf“ i E R o — f
vortex core {10 > T EVROEL Y "Iﬁ'ﬁﬁiﬁﬁ IR &

AR i L vortex core i f [‘EJFTJ (AR

o(F) =M, 51 (2-3)
\/1+ s? —2s-cos(p)
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iy = (5) =, (0 205, 4)s
# fllﬁ(ﬁ)ﬂ%q-f(ﬂt)-aﬁ(q) =1L L g

- [ 217 Kt = 48nm [ - [ SR (5) PURR T RV S R ()
& F 8| R Hf vortex core fuEE 1o T;’ﬁ' L N
Zeeman Energy
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Wy(s) -1
MAV M2

jde(r)-H"sz(s);—h s

HEih= |\I/|4 > HER I IR B A e

S

2-3.3 ﬁtﬁﬁl&% ﬁt‘:i R‘]Eapj Y

[N B SRS D [HIRAT Zeeman energy fIUFH

W(s) = W, (s) + Wy, (s) + W, (8) = w(0) + [27F, () —E(?’)Z] s® —hs (2-4)
Hi 9 TR s =0 ﬁg&;{gyﬂ%r:g% “f[ ff > A7 vortex core F"f b o
[Pl ol = SETOOE RIS e SR R [ 2-18 i h=0.2
F > F-B s PORRITH - RS SRRV s = 0.25 1 et R o
%o U 2-19 0 =N = 04K » 5= 057 (TR -

fE-vortex core i ’ﬁ' “E'FTJI.Q%'WIFEJH Ml ’Fﬂ, I IpREHA S £55 vortex
core I4 i ) S FIEERU 1 5 T e E i - 'IELE;’P*'L'*rir*éﬁﬁ?_"lﬁlﬁ@?ﬁﬂf—‘ﬂﬂ
g 41 vortex domain plIIERRE L ) FUBRE Y
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2-3.4 Annihilation field

Vortex core v [ESHEF 1] J]BE’EJE[ Fl1-e LR ERE Jf,%’»ﬁ rﬁﬁﬁ% [Eﬁ'ﬂ%@[ RV D
s DR 2-17 > Bl P ) E'J[E*'ﬂﬂfp RIS AURESE T R (R
FRR-El qgﬂ 2-20 ﬂlqﬁa‘[' 2-21 53 YIEE L 0.9Lm A1L.5um > £ 48nm [V permalloy
REVEENE - 7 h = 0.1 » H{SEIf vortex core i f [JFTJ" [ =S R ARy
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QSR Y IR R

Annihilation field 1@4—%5%4 A LR R (s = 1) epo 9t pn s
I FIFIFE(2-4) o ZSIE R ey

Hoo = M4, () - €)°] (25)
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