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Polymorphous Samples
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Wang, Herbert & Glass (Chapman & Hall, 1988)
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(Fukuma et al., Jap. J. Appl. Phys., 2000)

Lamellar Polycrystal

PVDF crystallizes from solution into
lamellae embedded in an amorphous matrix.

PVDF-TrFE
—
100 um

Ohigashi et al., Appl. Phys. Lett. 66, 3291 (1997)

Extended-Chain Polycrystal

Hot-Stretching and Electrical Poling improve
crystallinity and alignment.

Lamellar Nanocrystal (TEM)

70/30 copolymer, Transmission Electron Microscopy

(M. Bai, J. Phys.: Cond. Matter, 2007)
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Langmuir-Blodgett Deposition

v'Dissolve polymer

v Disperse on water surface

purified water
moving barrier v Let solvent evaporate

v/ Compress
v'Ready for Transfer.

purified water

16 T T
I P(VDF-TrFE 70:30) |
25°C

usual
deposition
pressure
5mN/m 7 .

Surface Pressure (mN/m)
(o)

moving barrier [ |

0
1000 1200 1400 1600
Film Area (cm?)

Ferroelectric Copolymer LB Films

L3
70/30 Copolymer . .vﬁ.
[C,H,F,]70[C,HF ;]5,

Horizontal
LB deposition

Qu et al., Appl.
4 nm Phys. Lett., 2003

Key Features
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M. Poulsen, BS Thesis, 2000
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Pressure {mN/m)
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400 600 800 1000 1200 1
Trough Area (cm?

Dissertation, 2007)

T T T T Tl
¢) P(YDCN-VAC)

| 1 1

Pressure {mhN/mj)

H

T T T T
d) PIMVC-AN)

1 | ;

400 600 800 1000 1200 1400
Trough Area (cm?)

400 600 800 1000 1200 1400

Trough Area (cr?)

13



PMVC Cyanopolymer

T T T T 7

550 i B,
-aL 2 PUREPMVC i * No FE-PE Transition
L oasf OM 250 °C to 180 °C
= 40k -
o q o
g 3 - * Melting Transition
= 30+ -
§ 251 - T,=175°C
8 20 -
151 -
= i
| | | I | 1 | | |
20 40 60 80 100 120 140 180 180
Temperature (“C)
(Matt Poulsen, PhD Dissertation, 2007)
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Structure

Applied electric field (MV/m)
—300 200 100 0 100 200
T T

(Noda et al., 2003)
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VDF-Oligomer Structure

Structure out-of-plane XRD
Hydroxy! Mw=992/ n=15/ 20 LB o
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Nonvolatile Memory (M.F.1.S.)

‘ON’ STATE ‘OFF’ STATE

Metal

Ferroelectric
|nsulator

Semiconductor

28 W
36 nm 70/30
" - oy . %
g ‘x.*.’:'i, <% 10 nm Silicon oxide
Principle w 4 '\\'- *  n-type silicon
Ferroelectric film acts like s - ‘L’_‘-\ i '* L (N,~1016cm)
a programmable gate bias. 2 l 11 L
‘Write’ Method S *1}
+ gate bias 8 Tls -
‘Read’ Method 2 .
Capacitance (slow) o 11 |
Gerber et al., J. Appl. Phys., 2006 ® =2 a0 2 2: &

Bias Voltage (V)
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5. Nanoscale Properties

Pyroelectric Imaging
. Piezoelectric Imaging

Nanoscale Polarization Manipulation

Structure & Properties of Ferroelectric Polymers at the Nanoscale

Piezoelectric Imaging

Manipulating Polarization on the Nanoscale

Application of AC bias to the tip
Vi = V1V, cos(ax)
generator, . t B3 Y ETTES
results in cantilever deflection
d = dyt AW, Vy,,...)V, cos(at+ @)
Phase: domain orientation
Magnitude: local piezoelectricity
Constant bias: hysteresis loop
polarization switching

PFM is a powerful tool for nanoscale ferroelectric imaging and control:

o
&

=

Z i L ai mamic
R i Domain writing Domain dynamics
Domain imaging and evolution

W

Sergei Kalinin, Oak Ridge National laboratory (nanotransport.ornl.gov)
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Piezoelectric Scanning
Microscopy (PSM)

Amplitude Image Polarization Patterning

A Highly Collaborative and Multidisciplinary

U.S. DOE Nanoscale Science Research Center

Imaging and Resolution

10 ML PVDE-TrFE
on pyrolytic graphite
t£ 0.2
{E
]
{m
—:E. 0.1
(@
I [a]
<3
E& 0.0
o T [ = TR TP TP T P =
0 10 20 30
X (nm)
Grain Sizes PSM Resolution
Domain Sizes
5 nm

30-40 nm

(Rodriguez et al., Appl. Phys. Lett 2007)
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Domain Writing

10 ML PVDE-TrFE
on pyrolytic graphite
Patterned with =10 V bias

Topography PFM amplitude PFM phase

(Rodriguez et al., Appl. Phys. Lett 2007)

Single-Point PFM Measurements

Amplitude Phase Hysteresis
100
80

60 |
. aof
e}
& 20t
<
E il
i 20
z

40+
&
o B0} .

-80 s Y ' .,‘_4:/.

b boaet
. -100 T— = .
10 0 0 -10 0 10 10 0 10

Bias (V)

10 ML PVDF-TrFE
on pyrolytic graphite
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Topography Amplitude Phase

(1)

PFM on
Nanomesas|

7V

i Nebraska

|
University of Nebraska L LiI]C()lll

Ferroelectric Nanomesas

Spontaneous Formation
v Crystal Structure :
Polarization Hysteresis

Formation M_echanis::n

- oy -

Structure & Prop'erties of Ferroelectric Polymers at the Nanoscale
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Integrated Intensity (a.u.)
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‘CONDIS’-Conformational Disorder

Allows Flow Perpendicular to the Chains

1. Regular TG conformation, orientational order-static

2. Regular TG conformation, orientational disorder-static
3. Conformational TG disorder-static

4. Conformational TG disorder-dynamical (CONDIS).

alternating ‘trans-gauche’ | @ % @ “%

/ rere “-ﬁf’ % % ﬂﬁw :* ‘,r%

\ a : » .
: % .b f.ﬁﬁ qﬁ« a "%t“

A X

S
o SERRRIE
¢ Oz\OaOOoAO

VARMABLES S VARMBLES S

ST

Li et al., Appl. Phys. Lett., 2005
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Switching Transients Time Constant
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200MV/a a% I oe 73727
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Pyroelectric Scanning Microscopy

Polarization Imaging

Spatial resolution 1 um
Future resolution 50 nm .
time resolution 1 ps

Device Characterization

Noninvasive

Local and global
Suitable for production line

(PSM)

Pyrocurrent
-140

-120

Brad Peterson, B.S. Thesis, 2004

Candice
Bacon
1998

Dynamic PSM

start| 3 sec halfway
through
- 15
=+P| ;
05 P=0
K]
-05
6062 -1 6.962
15
u L
B § s - o $ § B . mm
MaoT Tk Mg T on
mm o pu mm o z
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fully
P b
P<0 " P =—P,|
6062 6.962
X 8.29 X
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mm o 2 mm o e
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Edge Enhancement (Bat Ears)

Edges Polarize First
Partially polarized 3
Field Enhancement on top
electrode edges
20 ML thick

Peterson et al., Ferroelectrics 2004

PSM
Image

Laser Depolarization

Focus Laser Beam
Heats to ~130 °C
Depolarizes the film
Repolarize Electrically

‘ b
i «15*%1:{#‘\1\\\\\\\\\}!“m Il:*m;,g’,;,ﬁb‘j:‘!a

Ml i

|€Ié'

C. Othon, PhD Dissertation, 2005
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Nanoscale PSM

Microscope
Lens

Semiconductor Laser
(PowerTech 405 nm)

Poster: Stephens et al.

XYZ Piezo stage
(Thorlabs Max 311)

Photodiode

{

Iris

Beam Splitter High Resolution (expect 250 nm)

= Blue Laser (405 nm)

= High-NA Objective (0.85, 1.25)

= High-Frequency Modulation (0.5-5 MHz)
= High-Resolution Piezo X-Y-Z Stage

Resolution & Repeatability

200 nm step * 100 nm step
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