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Electric Field Control of Fe Nano Magnets
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Controlling metal magnet with electric field opens up a new pathway to fabricate metallic nonvolatile
magnetic data-storage devices. Such magnetoelectric coupling has been studied mainly for insulators, e.g. complex
multiferroic oxides. Although electric field applying to the bulk metals cannot go inside due to the screening by the
conducting electrons, we found that magnetic phase of nano-scale iron metal magnets is able to be controlled by
electric field pulses. All experiments were performed by scanning tunneling microscopy (STM) setup in ultra-high
vacuum at 4K. Statistic switching of the magnetic phase between ferromagnetic bcc phase and layer-wise
antiferromagnetic fcc phase as well as time response of the phase switching by a fast pulse were studied.
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Fig. 1 Control of magnetic phase with electric field

pulses. Magnetic ultra-thin films with a thickness of

~nm can be possible to be applied electric field inside.
Arrows indicate magnetic moments.
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Fig. 2 Equivalency between planer thin film
junction and STM junction. Physical phenomenon
in STM junction is also found in planer junction,
ie., STM junction is comparable to TMR (tunnel
magneto resistance) junction.

100 Journal of the Magnetics Society of Japan Vo0l.36, No.2, 2012



72V 2 DIEREERAR L 72D, AR TR
71(0.5-1.0nm) & 72 V) | MM IR N CEARAS L 7R
FIUIET i LT D.

ABFFETIE, i 1 & U CORMEMEWERE T JOWE Fe/W R8T
AAER U7z, SRS bIcB AR S 2 78, K& S
9 10nm) 2R S, S DEARLFIM LIz, ZORER, bee
SEAEAR & fee SOBREMEABRI OISR 2 FER VLA 2 VTl
HTE DI LAEMER LT, BN L DREKAROHIEN LR iED
ZRLLPES HIERE TH 5. BRFID =R/ =004 & HAORIE
L OHER LR T & —B L7z, AR OTR W R E A TR
L7z RO K DB RAEF IR IEA TRE Tn D 2 &
Doy Te. S VAT K DBERFATIE AR 2. STM #%

HEDFIFIOHT 60p FNEDOFER VLA THSHZ A1 FTET.

PRSI REEHRIAEN C K D7 7l « AHRZE - BJRBE
TEBRET M AR A~OTREMEZ RS T

2. RRF&

JRA- A —)V TR/ WA A S U7 DARSRS 4 R Clfe
PCE, F/oERE Inm ORSE TRPMIICEHIITE 2 EE LT
AR b VEEMEE (STM) A8 L7z, WEBBHIKEH TWiHR
EEAT v F R LTtk HEEZET = L 3—NT Art A%y
A LML () 2000K) ZATVEFIC Uiz, BT, RO
F(D ZEEEEZEF T Art A Sy Z LB (1) 800K) A1 iR
Uisilb Uiz, 85/ Berid, MEaze k% 0.2 R s, =
T CuUIDIEMR I UER LT, Shibd BZekn 2 b
72 T = 3= STM T = o3 —~ignk L, STM (2t

N LHIEZATo 7z

T A= VO N ER DRI, bR EOITR TE
ROROCONIORETH D, e OB LOMIE
1 TR CHEEEZEH(107° mbar 75 101! mbar) TRAETTHOMTZ.
F7- STM JEIL 4K fTo7z. JERRRERm FofssE - kR - K
FEORMIRIEY 0.1%LL FTh-o7=. 1000 EDOFUF 5L
TAMIIE K 1 ECTh o7, $) e B L8
J A Bl T UBIER S o T

STM et DB Z AN 5. STM #ét L3k & o
BHXEE 0.5nm 7>5 1.0nm FEETHD. 1.0nm OFET, Bl

(R 1) LABHELAR(EMR 2RI 1.0V Hndtud, sBlo7/ i
AT 109 Vim D58 ERAFIINTE 5. %7 STM Gl iz
EETYHRTEANTE 3 A2 —102m) D CHEIc& 2.
O, BHR%E 10nm OF /A EOEEOEFTROMEE O
WCEHI 5 Z L3 CE 5.

3. BRLER

SRS QIDE I B L8k B (RS 2 7B, K
& &K 10nm) 1E, FAD fecQIDDORFREEN =ML 725, 2
DT AT bee FfsEMEAR & fee SAREMERRD 2 -SOFE3 12D
T AR DRI HAF TE DRHEA D Y . STM 4TI 2 -DDF
ZEESOEEI 30pm) & L THaRTE %Y. —flaK3IorT. =

Fig. 3 STM topographic image of Fe nano
magnets with a size of about 10-20 nm and a
thickness of two atomic layers, which were grown
on Cu(111) substrate in UHV.
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Fig. 4 Energy diagrams at fcc (left), boundary
center), bee (right) areas in Fe nano island.
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Fig.5 Phase switches by applying electric field
pulses to the Fe nano island. Electric field pulses of
1 GV/m were applied at the center of the island (x).
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Fig. 6 Energy diagrams and statistic
measurements of electric field driven phase
switches between bece ferromagnetic phase and fec
antiferromagnetic phase. Positive and negative
electric field cases are shown in (a-c) and (d-f).
Arrows indicate spin coupling between Fe layers.
(b,c,e,f) show cross sections of the energy diagram
as a function of in-plane atomic displacement
between Fe layers.
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Fig. 7 (a) Electric field pulse with a width of 60
1 seconds generated by STM setup. (b) Phase
switching by applying the short electric field in (a).
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