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Scanning force microscopy was used to form nanometer-scale domains in P(VDF/TrFE) thin 
f i l m  by applying voltage pulses between a gold-coated cantilever and a conductive substrate. 
We demonstrated that a domain can be switched by applying a voltage with the opporite 
polariry. These results indicate that this ferroelectric copolymer is a promising material for 
Iiigh-density data storagc. 

Kevwords: P(VDF/TrFE); ferroelectric; domain; polarization; dipole; SFM 

INTRODUCTION 

Scanning tunneling microscopy and related scanning probe techniques have 
been successful in revealing nanometer-scale and even atomic-scale structures 
and properties" ". In addition to high-resolution imaging of surfaces. they are 
powerful tools lor surface modification that can be ~itilizzcl for fabrication and 
testing of high-density electronic devices. One promising route is to induce 
local changes in electrical properties for high-density data recording. In 
particular. creation and detection of local ferroelectnc domains by scanning 
force microscopy (SFM) have pained much attention as means to achieve 
high-density rewntable recording" ". 

I n  the present work. a scanning probe technique based on piezoelectric 
modulation of ferroelectric thin films was used to study local polarized 
domains of the copolymer of vinylidene fluoride ( VIlF) and trifluoroethylene 
(TrFE), referred to as P(VDt./rrFE). Local polarized domains with a diameter 
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of lass than 100 nni were formed and detected on the organic ferroelectric thin 
films by scanning force microscopy. We also demonstrated that local domains 
could be switched. 

EXPERIMENTAL 

The VDFRrFE copolymer with a molar content ratio of 73/27 was used in this 
work. The P(VT)F/rrFE) thin films were prepared by spin-coating method. 
depositing on a graphite substrate, and then annealing at 140°C for four hours. 
The thickness of the thin film is about 20 nm. as measured by line profiles of a 
SFM topographic image. 

A commercially available scanning probe microscope (Seiko Instruments, 
SPI 3800) was used. In order to acquire both topographic images and 
piezoelectric response image simultaneously, we used a gold-coated Si,N, 
cantilever with a spring constant of 0.75 N/m. By applying a small oscillating 
potential between the tip and the graphite substrate while the tip scanned a local 
polanzed area in contact with the film. the resulting piezoelectric vibration was 

able to he detected with a lock-in amplifier and recorded by the control 
electronics. Figure 1 shows a schematic diagram of the modified SFM setup. 

. I . .  

thc m i d i f i d  SFM setup. 
See Color Plate VrlI at the back of this issue. 
RESULTS AND DISCUSSION 

piemmptme amplitude d h e  phase. 
See Color Plate IX at the hack of this issue. 

The frequency dependencies of the piemresponse amplitude and the phase 
were investigated and the results areshown in Figure2 The figure shows that 
the conductive tip in contact with the thin film has a reSonant frequency of 
about 86 kHz. In order to enhance the measuring sensitivity. the 
piermresponse images were taken by applying the oscillating voltage a: a 
frequency of 80 kHz. The contrast of the piemresponse inrages at this 
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FORMATION OF NANOSCALE DOMAINS 287 

because it is close to this resonance. It should be noted, however, that the 
piezoresponse phase was delayed nearly 180” in this case. 

(a) (b) 

FIGURE 3 
(scan area: MX)nm x 600nm): (a) piezoresponse, and (b) topography. 

Simultaneously reoorded images of a P(VDF/TiFE) I‘ilm 

See color plate X at the back of this issue. 
Figure 3(a) is a piezoresponse image of a local polarized area and (b) is a 

topographic image taken simultaneously. In figure 3(a), there are nine dots 
each of which were “written” by applying single negative pulses of -12V with 
a duration of 20 ms. No topographic change can be found in figure 3(b) due to 
this poling. Therefore, these dots reflect the polarization changes in the 
ferroclectric thin film. Figure 4 shows a schematic diagram for inducing the 
polarization change -- orienting the dipole and thereby inducing a high local 
piezoelectric effect. The average diameter of the local domains in figure 3(a) is 
less than 100 nm, corresponding to a recording density of 2.5 Gbit/cm*. 

FIGURE 4 A schemattc diagram of local FIGURE 5 The piezore,sponse image of a 
poling by the conductive tip. large-scale poled area (scanarea: 6pm x 6pm). 

See color plate XI1 at the back of this issue. 
Polarization switching on a micron-scale in the P(VDFfT‘rFE) thin film is 

shown in figure 5. The conductive tip scanned an area of 4pm x 4pm under a ~ 

10V bias and then scanned the central area of 2j4m x 2pm with a +10V bias. 
The outer bright region represents the negative domain where the film 
polarization is oriented away from the substrate, while the inner dark region 

See color plate XI at the back of this issue. D
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corresponds to the positive domain where the dipole is oriented toward the 
substrate. The result also shows that the initially poled area was easily repoled 
in the opposite direction. 'Thus, the nanoscale dot5 shown in figure 3(a) can be 
switched by applying voltage pulses with the opposite polarity. 'l'he minimum 
s i w  of local polarized domains i s  strongly dependent on the thickness of 

ferroelectric layersl'l. A. V. Hune et al suggested that these organic materials 
can maintain the ferroelectricity until the film thickness is reduced to a few 
nanometers'"''. Therefore. ultrathin ferroelectnc copolymer films are expected 
to be useful as ultrahigh-density data storage media. 

CONCLUSIONS 

We have demonstrated that the SFM was a powerful 1001 for forming and 
mapping nanometer-scale domatns in terroeiectric copolymer thin films. Wc 
created local polanzed domruns with diameters of less than I00 nm by 
applying pulses across the films. The polanzed domains were switched by 
applying voltage pulses with the opposite polarity. indicating that the 
nanoscale domains are "erasable". We thus suggest that such organic 
ferroelectric thin films are promising candidates for high-density recording 
media. 
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