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Ferroelectric Polarization Abstract

Charge-trapping

When studying Ferroelectric Memory cells, careful analysis
of the direction of the hysteresis, dependence of the
hysteresis on the gate voltage ramp rate, the thickness of the
polymer insulating layer, the symmetry of the hysteresis
curves and their dependence on the amplitude of the gate
voltage can greatly aid in deconvolving complicated FeFET
(Ferroelectric Field Effect Transistor) hysteresis.

Properties of FeFET memory cells
based on polar polymers
- Thermal budget
- Scaling
- Wide range of applications: flexible electronics, high

performance, low power, cryogenic, etc.
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- Non-destructive READ 
operation

- Memory mechanism: by 
observation of the hysteresis 
in  Id-Vg characteristics

• Polarization of the Dielectric 
(desired mechanism) 

Despite many studies over the last decades1,2 –
No unambiguous proof of the FE polymer memory effect

• Motion of Mobile Ions in the polymeric dielectric

• Charge Trapping

Hysteresis Mechanisms

Effect of Charge stored in the 
polymer layer
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Distribution of charge in the dielectric affects VFB shift:

The closer the charge centroid to the semiconductor/dielectric
interface, the more it affects VFB shift.
 In thick polymers, the charge located in the vicinity of the
metal/dielectric interface has minimal effect onΔVFB.

Charge injection from the substrate:

A hysteresis loop, 
nearly symmetrical 
around the ideal Id-
Vg characteristic.
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Charge injection from the gate:

• For thick polymers with low leakage current, charge
injection from the gate can be ignored, since the
tunneling depth is a logarithmic function of available
time for injection:

Consider, for example, that for SiO2 tunneling depth for
realistic measurement time is less than 10 nm from
injecting interface  insignificant effect on VFB when
using μm-order thick polymer.

• For thin polymers, this charge cannot be ignored.

Mobile Ions in the Polymer
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• Mobile ions can affect VFB even at room an lower
temperature.

• VFB shift caused by mobile ions is unidirectional. The
hysteresis loop is counter-clockwise and is asymmetrical.

• The dipoles in the polar polymer
align with the field by rotation.

• The rate of dipole rotation
depends on the polymer, the
temperature and the applied field.

• Hysteresis is observed when
dipoles partially follow the field.

Polymer dipoles 
polarization

A counter-clockwise hysteresis loop, nearly
symmetrical around the ideal Id-Vg characteristic
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Experimental Results

Predicted rotation speed of the dipoles at RT
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No ferroelectric effect could be observed at RT  at 
frequencies > 1mHz.

Junctionless FeFETs with Thin CP1 Polymer

Device top view
Device cross-section

Experimental Results  (cont.)
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Hysteresis decreases
with temperature and
eventually disappears
just before Tg. Then
appears again and starts
increasing, indicating
that another mechanism
(Ferroelectric effect)
dominates at high
temperatures.

Conclusions

• Thick polymers (90% of current literature):
hysteresis loop direction, position, and symmetry can
reveal the dominant hysteresis mechanism.

• Thin polymers (more technologically relevant): analysis
is more complicated, but it is possible to differentiate
the mechanisms.

Only electrons are
injected from gate
the hysteresis loop
stays entirely on the
r.h.s. of the charge-
free curve.
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Polar polymer with high Tg

Sample: 
metal

metal
polymer

Peaks in ε" spectra correspond to corner frequencies at which 
dipoles are not  anymore able to follow the applied field.

• The polymer can be poled (performing 
write/erase) at temperatures close and 
above Tg, when dipoles can rotate 
quickly.

• At T << Tg, dipoles are locked in 
position and can hardly rotate.
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Polymer used: CP1, 
with Tg = 260oC

Hysteresis Observations
• No ferroelectric effect at RT
• Charge-trapping from the

substrate side ruled out due to
the hysteresis loop direction

• At 100Hz, no hysteresis
observed.

• f > 10 Hz, charge injection
from gate side is present

• Bellow 10Hz, sweep is slow
enough that positive mobile
ions start to produce their
own hysteresis.• Electron tunneling 

dominates at shorter 
periods.

• Rapid increase and then 
the saturation at longer 
periods is consistent 
with mobile ions and 
their reaching of the 
substrate interface.

@ RT
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