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Rich variety of phase transitions in “pressurised Ca,RuO,”
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Rul24 has 2D Fermi surface, but ...?

1. Sr,RUO, : p-waveSC 2. pressurised Ca,RuO, : FM

Y.Maeno, et al.,
Physics Today, January 2001.
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How to induce Mott transition in Ca,RuO,

1. Substitution ( (Sr/Ca),RuO, )
2. Heating (temperature )

3. Pressure Mott U/W
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Dielectric breakdown in Mott insulators

Reported breakdown in Mott insulator ”{ f |Ww T*rc:ptw:a ﬂ
La,.Sr,NiO, 1~10 kV/cm - I n
Sr,CuO, 1~3 kV/cm 'j, .
Srcuo, 0.3~1 kV/cm :
(TTeCITTF)-TCNQ 0.3~12KkV/cm o

\. twasa et al, APL, 39, 10441 (1989)

How about DB in 4d Mott ins. Ca,RuO, ?
Mott gap ~0.2eV ( activation energy )

~b5meV at 300K (7, ~ 357K)



Sr- doped

Ca,Ru0,

Bbcm
600 |
400
300 | &

200

100

Flatting

Pressurised Ca,Ru0O,

Sr,RuQ, 200
L -Phea
é Rotation
I4/mmm g T”tlng
T 200
Q
o
5
~ 100
Sl_. . .
2 0 : . |

Pressure (GPa)

Rotation




Summary of Experiment

“ Effect of electric field on 4d Mott ins. Ca,RuO,”

1. > In Mott insulator Ca,RuO,, dielectric breakdown can
be induced by surprisingly weak voltage of
E,, ~ 40V/cm at room temperature.
> The dielectric breakdown is accompanying with
the structural transition from S to L-Pbca phase.

2. In the £ induced metal, FM occurs below ~10K.



How about Zener breakdown model
In Dielectric breakdown of Ca,RuQ, .

¢ £=0
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Breakdown in Ca,RuQO,
Egap ~ 2MEV

&~ 12eV (too large!!)
{ & ~ 0.2eV for y of SRO }

Zener breakdown NO




How about Electrostatic carrier doping: ESD

| Organics, fullerenes,
i novel compounds
1 |- ESD NO
AF-insulator mn ’UABM CMR-manganites

High-T_ copper oxides

C. H. Ahn,
Doped SrTiO, Natute,424 (2003) 1015.

Silicon, GaAs

Largest polarization reached
by the field effect in oxides
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To achieve Filling control, |
much higher voltage Source— 7" ¢ drain
(=10%3~10%e/cm?)

IS required.

channel



How about possible mechanism
for Dielectric breakdown of Ca,RuQO, ?

Change of the internal charge distribution.

Enough amount of charge for the metalisation is
Internally stored in the apical oxygen (O2) of CRO,
and then it can be poured into the RuO, plane

only by quite weak field

Insulator ( S-Pbca ) Metal ( L-Pbca)




