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In Situ Imaging of Magnetization Reversal Process
in Circular Patterned Magnetic Thin Film
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Due to practical potentials and applications on magnetic recording, field sensors and spin transistor, the magnetic
domain structures of patterned magnetic thin films have been intensively investigated in the past decade or
also. Magnetic force microscopy (MFM) is one of the commonly used techniques for detecting magnetization
configuration in magnetic thin film, where MFM images the intensity variation of the field strayed from the sample
surface. Thus, the stray field intensity sensed by the sharp magnetic probe is then displayed in bright and dark
contrast. Herein, we introduce this MFM technique especially in the aspect of imaging the domain structures of
disk- and ring-shaped magnetic thin films in-situ under an external magnetic field applied in the film plane. Notice
that the magnetization of circular shape magnetic film orientates along the edges at remanent state to perform a
flux closure domain, which is due to the shape effect. Consequently, there is no contrast on the MFM image except
the vortex core in the central area of the disk shaped magnetic film. By applying an external magnetic field the
magnetization configuration will start to evolve, thus the domain structures are successfully observed in high spatial
resolution. This dynamic investigation of the magnetization reversal in the magnetic thin films may provide very
useful information in designing the aforementioned devices.
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Magnetic Fields
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Normalized Kerr signal

Field (kOe)

B 5.(a) £ 30 nm ~ H4E 550 nm ~ M#E 1500 nm &4 4% [8 45 i 5] A 5% 6B ) 20008 PR AF 09 B W 42 o (b) 4%
B 45 09 5 ) AR R PT Sy msE A 4% - B oy i AfafemiduiE - PR —mE A i il v A%
Wy imaetl s iv el o At E AR F 0 MIBE KA H A28 | A L > Hb A s B HM R &
ER 7 o M3 KA B —EE e 750 -

1. BB EHRIEEIE

EERBPEEEIRERIMIGST - A RS
WG FL W el R BE AR (L RE (quasi-uniform
state) * FEE WIS - BRI BIROE & {H 532
PR - Rt ErAE 2 P BOs i O - FERE
Gl R BAAAA E L5 F 8 - KRB AN
W TREE - HEIMIGSRRZR - EhEd
EEBRAIETL  SFEES -

RIE P T et B e B A 02 & - a0
5 B+ FE A (b REERE r] B £ B 5 Ry R
BIE ARSI - FEiR e LR - AT
(ErEmbE O ERE R ARSI - e LRSS —
B HVA LR R 5 E R E T OB EET O
R - ER BRI GE LA - Bl B REE E  [E R R

PRESPAIEE - SRIGES - R ES T & EER hE
HULRTERER - AR B A E R T O —(E
BLECERS o FHIE 5 n] SEPEEEE 2 R EARE s AR O
B B NAYREE) - R AT HER Y B iR Y
B E Ry S hEiE 7] -

B BRI R - BRI
WEFE RN T Rl 2 21 [ BB A2 - (ERGIEIEIEE
FIRVAZEMERTT - BEfS e LB RS R Ehi
TREHEBE - E 6 A - iEiedh L HEE -
H itk - BB 00 — ISR EE R 1
WS - (AILAERE 6(d) ~ [ 6(e) AU Z A1 E
TERHRENCE - (BB RIS LERA R - BOR
I EAE B AR A YRR FE S AT AMINRESS T e 18 18
N B PEA - RIS IS AR ERE - TITERE] 6(e)

(d)

(a) (b) (c)

wof T
6. Diameter = 500 nm ;

. Spacing = 250 S/
EB&ZEE 30 nm > A osl e,..-?': ...... |
42 500 nm ~ M 250 f,’

© o/
nmm 6 REKE BRI F O Y

RN AR RAF | i
Eﬁ ;%@‘é]? ’ t é @‘g% 7
‘#’5;%,{;@ 57]\7§U5§2i%—]: ) P— .

8 Fx 71 %5 4% B A ER Rk
SEHET T ERY o

Field (Oe)

24  BHEHME=T8%5—#99.8

—500 —400 -300 -200-100 O 100 200 300 400




(g) -60 Oe

(b) 140 Oe (c) 54 Oe

(e) —44 Oe

(h) -162 Oe

7.9M& 5 um > 850 1.4 um > FE 23 nm 894545
BB G AL e EEe R
T6) L yaEEsE bt kT FagazsE o

(f) —54 Oe

ZE 6() TRERERSGIEA 60 SiTEE N - HiE
HUO PR _EAFEIRS 2N R ol — R
& BB EEBRBENLIEE -

FHLA R85 -H15E - # IR ST B Y
SERFSMIGS FRIBIR G - Al DB B HAT 1
PG A P O R R RIS 1 R LB O - ST
R R IS HYRG I R R -

2. SREEIRIIRENEIR

(B A 1 AR g e g R o A o SR B e o
O T E O 2 (B R o i — 2 I T A e L el
il EHREETOZZE  PRERRHE - QIR
WEYRGE S i B AR - TP EGRIERE - ik e
ErgmiETO o FAtEe2R A RS - MERP
WEIEAESMINEG S T BT Ry AR SME R =

K/NEFTANE] - fE H BN EGE AR ] ge H R A AR
RE - PRI RN - SBH TEERE (onion state) ~ 1H/E
EHiHfE (vortex- pair state) MBI E%ZAG1# (vortex-core
state) °

DIAME 5 ym ~ 2 1.4 ym ~ 2 23 nm BYEE
B EERREC - CEININRES T EE TR Al
e Bl EERRRE - B 7 HEIESE - /25N
55 ks +540 Oe Ff ELHG W #5H8 FoIEE SIS 5 (e Y B
LG - e REAFR B G 858
STHYETEL - BEESMINGRC]N - BBV A b bEaa H
W72~ —HER =l - R 3 BB - 1
i (EIRRERE Ry FEIERE - MG E +54 Oe FF
i B ) 2 M B B A AR o T BRI BE - TR BRI e
it ] BT AR A A W i R — e —
I - (HZE R R W N A RS IR R e A5 1 - ELRG
SR I I HRF e fE o B o R BB 2K o AR HE AR
RE (0 Oe) F - SRIKEIERCACHE AR A g & B HY
IEfERE - i BN AR AL 5 F) B v B e — P
eV - 7F —44 Oe W » ] LAFEBILEERAY T TBHIG H
R MR I 5 - BN TEERIY T T BAa E
BB HERETE (nucleation) © 7E —54 Oe FF » B2 N A H
BT — (&S S EE AR s e A - SE (ERRE AR
B A F IR AERZ At - AEE (R EIRRE TR - FEEST
IS HIEE TN » S5 e Rk e A i 3 [ B ) e i
iR IEETTIARIFRERE - £ -540 Oe I » 3P RL
B ARSI LRE -

Bl 8 FyHME 5 um » #RFERy 1.0 0.8 0.5 0.2
pm » [ 23 nm HY R BRI T MR B
@ @G A - EEESE TR T R

Field

Width 540 Oe | 270 Oe | 162 Oe | 27 Oe 00e | -110e

—22 Oe | -54 Oe | -76 Oe

um

0.8
um

0.5
um

0.2
um

8.

shfE 5 um > BT 1.0 0.8
0.5+ 02um * F/& 23 nm 4845
Wk B ey B ) B SRR
Sh ot Iy vy 2y KT T ey @ e

BHETAME=T_65—199.8 25



9.
SME 4 pmo WA 1 um YR ELIET
R 45 R 3% 0 LB Si/SIO

(a) as-fabricated

0000

BEZE Y &R KNI —14.2 Oe

50-substrate/Ta 5/Cu 20/Ta 5/NiFe 2/
Cu 5/Mnlr 10/CoFe 4/Al-N 1.5/CoFe 4/
NiFe 20/Ta 5-cap * BE R L 7K -
(b)—(h) & &34 300 Oe 1% A0 ik

1% > T B P 45 38 & S g By b ey e

(b) 184.2 Oe c)51.9 Oe d) 25.4 Oe

-64.5 Oe (9) —69.8 Oe ~133.3 Oe

e Gt - AN RIS SRR B A
[FIRETERE - ATl ARt & A8 A GL e TRRet -

3. RIEHHZ B

T R R 3% F G PH =N BE B F I AL 1R R
(magnetic random access memory, MRAM) » fiti4: %%
[ R AN B HER IR (spin valve) K G 27 ke K
(magnetic tunneling junction, MTJ) # K EHIIFSE
BR TIREWIEENEE » RETHERS IR
LR TR A AL E R TR Y - IERFER I AS
LR R 2R -

g P 2R B S T — R G 1 2 T i LA
& B4y Ry ISR & (antiferromagntic) ~ [@]7E &
(pinning layer) ~ #@#%/& & HHE (free layer) » HH
Ie] 7 [ B P B R B e B - [ 7 g B S
G g e A RS & E A (exchange coupling) {5 15[
TE & HIREA L 5 [ E BN 5 32 15 s B 4wk L
TRy 1 B H g R 2 RE R 5 8 LT 28 A e -
B BAM DARE TR ST R B R M 2R A S
PRET P (B B9 AR R 5 222K B e T ARG P v
PRl I 2 B 22 ) HH T A2 S [RI AMINRE S T R T
- HIE LA R B M sed{EllE 5
FH I BT T TERE -

B 9 FefME 4 pm ~ WAL 1 pm HIBRREMEZ
BRAEAER [FE MG R85 © Bt eeiz
e Ve 1EE DA e B 2 SRR BE OB IR AS S - H BB
J& (NiFe 4 nm/CoFe 20 nm) HYYERERE i iERe » 101

26  BHEHME=T"%%5—199.8

& 9(a) AR o EERIPILIE ZRBEE I YMINIES 300
Oe [ZE G AISGHEIE, - PSR 175
Bl Pl rOSRESIR T R AE A - TRl T B R 9(b)
R rERRE - [B 9(c) Ryl - 18 9(d) Rifhe
RE - [B 9(f) Byl lerzists - & 9(g) ~ & 9(h) B
[ ERERE -

FH_FSlt R FeFRAF oI AT i - SEEASERG AR
Mg @ BEETREEVEESE S - W
IR TP RO E FE AR RS s il 2 SRR % 2 75 B IR R AR I
KEFT AR E S E TR - JMEET REsE
[ S HeG e e [ T I ER T A5 » W ARG TR S BE R
S A LA S S M G5 R A G S 1 w51M%
AR e P AR DA B o A ER R NS R AR

10. 329 % & mrdd G LA 2 SN o w35 T oY sk
1% o JBRBE&EHME S Ta 5 nm/NiFe 2 nm/Cu 5 nm/
Mnlr 10 nm/CoFe 4 nm/Ta 1 nm * & P # 55
HRasME /L BB R



o FEAPREUE BRI AR A e o BRI EIRAE
RIMIORESS T BT B E AT A L RE RIS FEARIE] - A1t
ATt E B — I B2 Y B RG AL 7 e #052  ZK SV el R
5 -

M~ B

DAvE T 3358 31 B sk e T B B2 A 1 YR A A ) B
ftes S H BB S M TR - AI{E BRI B g i
IS 22 2 © BRI L RE S S e B ARG A L RE
e a R ORIER « BRI > Hifbed
ORI ENES S ESMIIRES TR E - HEE G A
DAgy A ARSI S5 T P (B A B A b
B -

TSR EER TP RE M - G e B i e
BIE B 1R 2R RS IR ER T - B A B R
& IR S - IR IERE R R AL A R R I R
8 - s A A A BB EER IME R RN
B -

SENB

1. Digital Instruments (DI) #{F 1.
2. RS, AR IR AT R T2, BALAT AR RIS
FTRE 5@ 32, 42 (2001).

3. M. Natali, et al., Physical Review Letters, 88, 157203 (2002).

4. FEANE, FORSRIRBEEE 2 A LT R ST, LA AR
WFFERTIE R L, 42 (2008).

5.L. K. Lin, et al., Phys. Stat. Sol. (c), 4, 4360 (2007).
6. M= 2, SRERERIA WS I I B R RGP 2 T 5, SRR B
TFFRFrRELRR L, 81 (2005).

7.C. C. Chen, et al., IEEE Transactions on Magnetics, 42, 2766
(20006).

8. C. C. Chen, et al., Japanese Journal of Applied Physics, 48,
053001 (2009).

30 BE /N B A B S (L BT 8 R 2
B REEA -

Cheng-Yi Kuo is currently a Ph.D.
candidate in the Department of Physics

at National Changhua University of

e RHWEERZERABHREWHE
| B+ HEEIHETEREYHE AR
g AR

Jong-Ching Wu received his Ph.D. in

physics from University of Oregon,

USA. He is currently a professor in the Department of

Physics at National Changhua University of Education.

BHETAE=T_55—199.8 27



