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‘What is High K Nano Smart?

* High K
e Beyond a great term for Funding Agencies??!!

e Derived from the world of microelectronic capacitances
where > 3.9 (Silicon Oxide)

e Solid state

® Nano
e Specific dielectric behaviour governed at the nano scale
e And another great term for the Funding Agencies!!
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The simplest model considers the movement of the central ion and its equation of
motion

~Soft mode Phonon Models

mx + i+ (K, — K, + BT)x = eE, exp(—iat) b
Where

=K is the short range harmonic restoring force qg
=K, 1s the long range electrostatic force @

BT i1s an effective anharmonic restoring force AN

The resulting susceptibility 1s
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These are highly polarizable lattices, where small concentrations of dopants can
have an extraordinary effect!




elaxor

Ferroelectrics Relaxors
Nanoscale polarization domains

Macroscopic polarization domains ~Gle
S

No macroscopic polarization above T, Nanoscale polarization existing above T,

eBroad transisition peaks
eDivergence from Curie Weiss behaviour
eFrequency dispersion in T, : . . , o

eSharp phase transitions
oCurie-Weiss Law obeyed
eNo frequency dispersion

— 10 M2
=== 10" Hz
e

104e"

TK) 200 %0 300 350 a0
TK)

. Phase transition with macroscopic symmetry change at 7, . No structural change at Tm
. Critical slowing down of dipolar relaxation below T,
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lethodetogies = Broadband. LElaeiiicmsm—
~ Spectroscopy

Broad-Band Dielectric Spectrometer BDS 80 (NOVOCONTROL) in the frequency range 10 mHz —
3 MHz with automatic temperature control by QUATRO Cryosystem (temperature range -150 °C
| Sample |

- +400 °C)
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Figure 11-8. Impedance Read-out




Vo(0)

Pulse Generator |[——— Sampling head
Sampling oscilloscope Data Processing

lumped capacitance approximation in
time domain:

Q(t)=C{ﬂ(fﬁi@(t—t')V(t')dt}
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ielectric Behaviour of the amorphous layer
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A Second Process
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Electrodes or Bad Crystal
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e Crystal — Same comosition
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Conclusions

* Never trust your results blindly!!!

* All contacts must be ohmic! (you don’t need additional
surface effects)

* Axis directions are important.

e Beware of Pressure.

The Hebrew University 27




