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Galvanomagnetic Effect in Tri-layered Py/Cuw/Py Ring Structures
K. Sekiguchi, A. Yamaguchi, and H. Miyajima
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Magnetization reversal in nano-structured Py/Cu/Py rings was investigated in terms of the giant
magnetoresistance effect (GMR). The magnetization reversal was well regulated when a magnetic field was applied
parallel to the arm axis, and the GMR effect reached about 1.5%. When the external magnetic field was tilted from
the arm-plane, pinning (or depinning) of the domain wall was observed in both wire and rings. This demonstrates
that the GMR of a tri-layered structure is sufficiently sensitive to detect pinning (or deppining) of domain-wall motion
in a nano-scaled ring, indicating that the present ring system is promising as a means for measuring the interference
of electron motion affected by inhomogeneous magnetization distribution:

Key words: nanoring, giant magnetoresistance, thin film, quantum interference

EEBE Py/ICwPy F/ UV TILE I 2 BRI YR

BYCEEHES - ILOH - EEEL
BRRER A N B T2, BEIRinBAtIX Bl 3-14-1(F223-8522)

1. BUSHE BHEWET 2V VY T RY VY ITBITY v Ik T 3

Rt Gl DRSS R & T 5, A T (7)) 25743 (Fig 1) . BANSHARY V7
LHF R EBR B B REAT -2 Y L ORS¢ Bx0)7 PATEREMALTANLE. BB,
R (FARSHE SIS CMR 3150 24U, i YV avBLER EIcESRL S A+ (ZEP520A) _%:
HRIEF ) R — VR ORLR I B A 5 2 2 D, BfiL, A€va—t (BE~130 nm) , R—2 2z

R Y L RUEA - BB & O RINIG 2 A9IT 3 b, ;"f,;ﬁi’fgﬁ;g;;;g;;;;%iiiﬁ
F AT —VBMIE T B SEREERE 2, 2ey o Y Y R

BIL 7. FEE/ERLBOFIZER 1T 109 Helr.
NCRISRICB I 2 RAIROADRAMLDT V. 2L 2 y - -

. g . HRHS, HERTZ2S(DTZBEEE R->TED,
XY v ZIRB R ORSIENIM R 2 BERTHET 3 L, B v —j#ﬁf- R
. . g Py /Cu /Py D=JEEUE X 20 nm/10 nm/5 nm TH 5. VY
Fab—VLYRIT & o THERS e 2 Bl L T 2 IREB R . -
_ .. R VIDNE - WEZZHZH 500 nm, 400 nm &L,
% (Aharonov-Bohm iREf) HBINhz 9, HfFAEL Y L . . . . ,
. o e g r et b e S REEEZ 3 um & L7z, L BERERER I EER
b7 - BERE & O HBIPIIRIE, Z oEREBEMNEICE VT . . g x5 -
) FHIEEEZ 2 pm & LT, RRIORBZE X 2 (HER
HELHFEZT 3. L LEBROICHESONTRES, % . . o .
. — FEV OB X > THRLRERE L B &
BoFEei L%k, Mgttt icsirs5at 24 ORI AT 4 PAY S 2= a Vi ko CHE
— LV ABIIRMRIALE Lo Tw 3, bTFhic, Rlkits ’

BLE)
B Py FeuNis)F /U ¥ i BV CRAISHAERBIT S "

I 7
A S0, MANCERALF ) )y FicBys  COORERIET 2 HICHIE (10K0c) il

Abaronor e BT 1Bt & 5 5 otus o CAMLTBARETS /Y Y 7 OBERORE —T

£ I TRABEEESEIC X 573 e — L v 288K R JERE
E&EH D Aharonov-Bohm #RENZ N 28/ LR
THILRZHNLT .

APFATIXIERE 500 nm IFEOBARETF ) Vv Y (E
et E /R SRR &R > & % 2 ZEHEY v
7) 2fEBL, BEREZHEL R FBite kb5 3
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7I0uvBEDY VI TIRERXEGEICE RN &
277, Y JiRB%E 50nm & L. Z20BEBOME
SRR B2 ¥, oh# GMRAECHH LREHL Fig. 1 Schematic illustration of a tri-layered ring

structure attached with arms (SEM image is shown in

Rigi@rE R/~ the inset). The distance between the voltage terminals is
3 um. An external magnetic field is applied with a tilting

2 R angle of 6.
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Fig.2 Magnetoresistance of the tri-layered ring measured at 77 K. (a) The discrete changes at Hz, Hee, A3, and
H:4 correspond to the magnetization reversals in the 20-nm- and 5-nm-thick magnetic layers. (b) Two patterns of

magnetoresistance observed at § =0° .
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Fig. 3 Micromagnetics simulation for the magnetic
layers using the ooMMF program” with a two
dimensional grid (5X 5 nm?. Figures (al) - (d1) show
the magnetization reversal in a 20-nm-thick layer, and
(a2)-(d2) show that in a 5-nm-thick layer. Note that, in
the 5-nm layer, the magnetization reversal of the ring
part is dominated by a domain-wall motion.
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Fig. 4 Angular dependence of the magnetoresistance.
The tilting angles of the magnetic fields are (a) 6 =
30° and (b) @ = 60° , respectively (see the inset).
When the tilting angle 8 is increased, the tri-layered
ring exhibits various resistance changes, indicating a
domain-wall motion.

F(RAT77FA, RiaHE) KREREDHEhTwD
CERAMLTWVA, FICEERBBIRT M ED K I ICHEEE
EERT 25RO, FiglichsHERET7—
LD T FREEHS, Vo7 —LDEAHR LEL
o 3. EETWD TG HERE L T 5(Fig.l @

T T T T T T T
- Ve
1600 |—5— H, s 4
- s
— Hc] Ve
B MoOF | . - -
@] o DW -
= 0 -
= 1200 |- - cos @ -
T -
2 -
“ 000 |- .- .
o0 =T T
Rl F— E
5 800 —
=
2
& 600 -
00 — z///i
! ! T T e

]
0 10 20 30 40 50 60
Tilting angle (deg)

Fig. 5 Angular dependence of the switching fields.
The plotted data are the averaged values. Note that
Hpw decreases with increasing tilting angle 6,
implying that the nucleation of domain walls is
induced by the field component perpendicular to the
sample plane.
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Fig. 6 Magnetoresistance with tilting angle 8 = 60°
at (@)7= 4.2 K and (b)7 = 120 mK. The inset in (b)
shows the enlarged magnetoresistance in the range
-2.5 < H<-1.7 kOe.
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Fig. 7 DPossible scenario of the magnetization

reversal at H.. The arrows represent the in-plane
components of the magnetization vector in each
magnetic layer.
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