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Rich natural resource, Very stable in air
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>0.414r 0*=1.40A, Sr?*=1.26A, Ti*'=0.61A,
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® Non Volatile T

® High repeatability (~)

® Re-configurable

— Laen t -— ——

® Operation in sub (10nm)? scale

Emerging Research Memory Technology Entry ‘\\‘lm:‘ Embedded
' Ferroelecic-gate FET [ X
Nanoelectromechanical RAM [ X X
. Spen Transfer Torque MRAM \
Nunoton or R dox Men lms‘lu\llu'; Fuse/Antifuse [ X X
Memory and Prc Met l] 1 Cell)
[ Nanowire Phase € h:m-,'c Memaory (PCM) ' X b
AN
Electronic Effect Memory
A
Mol wory X X
| Pros and Cons of Electronic Memory

—Mott Insulator-Metal Transition

as o %o
9
R
v~ 1 ad

EFfmmaEAlE
KERICRB<E5S

Blu-ray
RFiam &




naRktE (O = OfEE)

Ferromamagnetism

I

I

T

paramagnetism
NN

[ =



574k

wmPEE | K A
. i
¥ B o % 2 | WEF Bk A MHBFRE OHE/ER
R W % —10%2E | & | (FEEIRE—A U FCED)
Ilu%‘l m 'IE +10-3~ %*E—Ggéo %ﬁ'i%ﬁrgl:@ B,Si
CEI AL -
Rkt +10 % L LIBT3 F7E 5
gy | 7T UHE [ ETX . |REARETOLRESF RS
7 T DL | WIS % LLVIUETF O F 4TS
(a) HHL4* (b) JoRE 4 (c) 7 =) Bt (d) 7 zO®M% (SRE%E)
paramagnetism antiferro- ferrimagnetism ferro-
magnetism mamagnetism

VO B



2P Rin  BERIL (RT3 A )

Fe304: BB{E& LI




8 i

Prof. H. K. Onnes

= B & B & £ F ¢
1 T 1 T T © 1T ° T ©™ T 7T

BE:FZ

JKER, Hg, 1911




BRRGBEERERT RE

140 - HgBa>CasCu3zOg
120 - Cuprate
100 H
. ] YBa>Cu30~7
X  80-
> '
%07 La;-xBa,CuO, ¢ SmFeAs(OF)
1 Mng
40 N —
- NoN Nbssn  NPsGe T ¢LaFeAs(OF)
20 - Pb NbC
1 Hg Organic / C-base&’j N Fe-based
0 T | ' T T | : : | '
1900 1920 1940 1960 1980 2000
year






BCSH#te

- TS
. N -7~
’ N o h
1 \ ! )
1 H ] \
\ ! ' i
: 1
. 1
. 7
\\- ’
.
-
=
.
e \\
, N
, \
' \
! 1
\ ! /
N 4 * '
N 4 N ’
\\~ —// N ’
- s ‘
\~_¢’




In 1986, T ~30K !

RESISTIVITY (uSicm)

200

150

100

50

TEMPERATURE (K)

In 1987, T ~93K !

Q



25 LV5 L 575 HHERRS

[53FIRF]
7K—IK

%:I:HH 3'5 FIHH
(ZFELI 7R HAFR)

[BF-RAEV]
ETR—IFER
BIEE-FEInE
SRR — E R



Ferroelectric gate
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An Emergent Change of Phase for Electronies
Science 327 (2010) 1601, PERSPECTIVE

H. Takagi and H.Y. Hwang,
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Materials science: Enter the oxides
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On TiO, (001) substrate

Metallic

10pum

Insulating

Appl. Phys. Lett.100 (2012) 173112 £
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A N. Pasupathy et al, Science 320 (2008) 196
T=50 K, superconducting gap map
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sss Votage induced MIT 1n VO, nanowire

\
350 K
at 350K
\
(Roff/Ron )/P [W-l]
On Al,0, (0001) substrate Nano-wire ~1 06
w=200nm, h=50nm, L=400nm :
Thin film ~102 *

Appl. Phys. Lett. 104 (2014) 023104 * Ref) Appl. Phys. Lett. 95 (2009) 043503
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Now
down to 10nm scale !!

(Fe, Zn);0,4, ZnO Nano-Box array
Nanotechnol. 22 (2011) 185306

(F, Zn)4 Nano-dot aa
Nanotechnol. 22 (2011) 415301

Mn/Zn). _‘ ] N ano-dot array
Small 4 (2008)1611 ,

Nano Lett.11 (2011) 343

(Fe,Mn);0, Nano-constriction S0nm
Nano Lett 10 (2010) 2

(Fe,Mn);0, Nano-wire
Nano Lett 9(2009) 1962

(Fe,Mn),0, N
Adv Materials 20 (2008) 909

30nm
r 0.0nm
&

20pm

30

200 a0 ’ ™
600 4 Nk som (Fe,Mn);0, Nano-blanch
— (La,Ba)MnO; Niffio-Channel - (Fe,Mn);0, SG Naho-FET  (Fe,Mn);0, sub-Microdot ~ yAp_ 105 ?2009) 064301

APLS9 (2006) 163113

Line in Fe;O, film for (La,Pr,Cs)MnO;

APLS5 (2004)1811 AP L 89 (2006) 253121, JAP., 100 (2006) 124316
for (La,Ba)MnO; JAP 95 (2004) 7091 for SrTiO; APL 84 (2004) 2670

Adv Materi.18 (2006) 3099 (“within “R”)
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The combination of size reduction and use of materials exhibiting important prop
erties is particularly promising. Unfortunately, controlling the size and position o
f nano-materials for fabricating nano-devices is still challenging.

Bottom up- Nano process
~Artificial stacking of materials ~

Top down Nano Process
~Perfect control of dimensionality & location

<
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(a) Cross-sectional TEM 1mage of spinel (Zn,Fe),;0, ultra-thin film on MgO (001) substrate. (from K. Fujiwara, et al,,
Advanced Materials Interfaces 1 (2014) 1300108) (b) AFM image of (La,Ba)MnO; ultra thin film on SrTiO,(001) substrate.
Then inset shows its Cross-sectional TEM image (from J. Zhang et al, Phys. Rev. B, 64 (2001) 184404, T. Kanki et al,
Appl. Phys. Lett., 83 (2003) 1184). (c) Annular dark field (ADF) image of LaTiO; layers (bright) of varying thickness
spaced by SrTiO; layers in LaAlO,/SrTiO; superlattice (A. Ohtomo et al, Nature 419(2002) 378-380). Q
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(2) Side wall
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Nanotechnology 22 (2011) 415301-41530 Q



Bpitaxial (Fe,Zn),0, nanowall wire

PLD condition
T =673 [K]
P.,= 1x10-* [Pa]
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Temperature dependence

Film Nano-Wall | w=50nm

Manganite Nano-wall also exhibit
temperature induced steep CMR

More detailed : JSAP 6.3 Oxide electronics A. N. Hattori et al, 16p-D3-7 &
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EEE (Fe,Mn),0,7/ TANHDOEI[F A1 >

Wire width=630nm |

Nano Lett., 9 (2009) 1962

Wire width=120nm
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(Fe,Mn);0,BR{L MM F / BERIEHME F > IV

- 250

200 |

agnetoresistance / %

Mol) 7 FATAFMY Y455

Nano Lett, 9 (2009) 1962-, Nano Lett. 10 (2010) 2772-

dG(0)—dG(B)

MR(%) = 100x G5

Bias Voltage /V

B=500C
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<. MR =100P A, ?(%)
& =Wp /A
2d=50nm
20d=100nm BER
I I I I2d=200}1m

50 100 150 200 250
PEIE W (hm)

Wy = F/ #EED TOEMRBEEE=W/(0’ +360°c” +3w6°c +57)

(c=S/S,=w/w,)

At AEUEELR~80nm, W, : BABEEE~160nm, P:R E U {RIEE~0.9

—T NS AY A X50nmBATF ZZERK

S¢[1] BB5h : REBEMEHS, P. Bruno, Phys. Rev. Lett. 83, 2425 (1999)

R1EH% : RELERFEMTIES, J. leda, S. Mackawa, et al., J. Magn. Magn. Mater. 310, 2058 (2007)
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