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Abstract:
Nano-recording bits on DVD+RW phase-change thin film are recorded by a dynamic optical disk
tester and subsequently studied by a high spatial resolution conductive-AFM with excellent
contrast. The grain size and boundary analysis of different phase-change recording materials
can be performed with ultrahigh resolution. Writing strategy and optical energy dose on writing
nano-recording bits are investigated. Important nanometer-scaled photo-thermal properties of
phase-change thin films are found.
Introduction
For the study of phase-change (PC) rewritable (RW) optical disk [1], such as digital versatile
disk rewritable (DVD±RW), the characterizations of recording bits, writing strategies and heat
response of PC recording layer for different writing powers are key issues. The optical read-out
signals and the spectrum of carrier-to-noise ratio (CNR) are the most direct and straightforward
measurements of the optical disk driver, but are neither considered to be able to provide the real
picture of each recording bit nor for the details of writing strategy study of the trains of recording
bits, especially for the recorded size which is less than the diffraction limit. Difficulties of
observing the recording bits with high spatial resolution and contrast prevent the further
understanding of these key issues in early studies. To surpass this hurdle, quite a few methods
including scanning surface potential microscopy (SSPM) [2], lateral force microscopy (LFM) [3],
scanning near-field optical microscopy (SNOM) [4], scanning electron microscopy (SEM) [5],
and the transmission electron microscopy (TEM) [6], etc. were used for the imaging of recorded
bits along with very delicate sample preparations. In this paper, we report a new way of using a
conductive-atomic force microscopy (C-AFM) [7]for resolving the recorded bits on a rewritable
DVD optical disk with high spatial resolution (2nm or less), and show that excellent imaging
contrast of bit boundary can be achieved with simple and easy sample preparation. The smallest
recorded area on a 15nm PC recording thin film can be resolved with its size as small as 20 nm.
Experimental
A dynamic optical disk tester (DDU-1000, Pulstec Inc., Japan) with optical wavelength of
650nm and numerical aperture (NA) of 0.6 is used for bit-by-bit recording on a 4X commercial
DVD+RW optical disk. The recorded bits are written on the groove track in this case. The
schematic of the scanning probe and optical disk sample of the C-AFM experiments is shown in
Fig. 1. Because the DVD is bonded by two polycarbonate substrates, a simple and easy way of
removing the printed side of polycarbonate substrate to reveal the PC recording thin film has
been adopted. The scanning probe of C-AFM is then scanning on the surface of the PC
recording layer which is the opposite side of the incident laser beam. A commercial C-AFM
(Dimension 3100, Veeco, Santa Barbara, USA) with a conductive-AFM extension module for

measuring ultra-low current in the range of 1pA to 1μA is used for acquiring the current
intensity image along with topographic image simultaneously. Possible degradation and
contaminations of the PC recording layer are carefully prevented by a few precautions. The
PtIr5 coated cantilever probes of C-AFM experiments are made by Nanosensors (Pointprobe
Cont-Pt, Germany) with their resistivity of 0.01Ω/cm to 0.02Ω/cm. Images are obtained at
different locations to avoid possible artifacts created by previous scanning. The scanning
direction is always set to be perpendicular to the tracking direction for better contrast of the
topography. A positive DC bias voltage from 1 mV to 5 mV is applied to the recording layer of
the optical disk via the silver paste. The probe is set to be virtual ground for the bias voltage.
We found high quality of image can be obtained by scanning at constant velocity of 10μm/s in
contact mode with proper set point of contact force.

Fig. 1. Schematic of the scanning probe and optical disk sample of the C-AFM experiments. Probe of the C-AFM
scans on the opposite side of the incident laser beam. The scanning direction of C-AFM is perpendicular to the
groove direction.

Results and discussions
Figure 2(a) is a 3µm x 3µm topographic image of the phase-change recording layer of a
commercial 4X DVD+RW optical disk, and the wobble tracks shown in dark are the grooves
where the data bits are recorded. The difference of the heights of land and groove is around 26
nm. Figure 2(b) is the C-AFM current intensity image with measured bias voltage of 1mV
acquired simultaneously with Fig. 2(a). Because the phase-change recording layer of all
commercial DVD+RW are originally in its crystalline state, bright area with low current intensity
shown in C-AFM image represents the amorphous-state of the phase-change material. In Fig.
2(b) recorded bits written by a commercial 16X-DVD driver are then displayed by bright area
which is the amorphous state of phase-change recording layer. The arrow shown on both
images indicates the writing direction of recorded bits. In comparison with the Fig. 2(a), there
are dark lines at the land-groove boundary in C-AFM current intensity image, which indicate that
a better electrical conduction between C-AFM probe and side walls of lands and grooves.
Figure 2 successfully demonstrates that C-AFM can be used for imaging the recorded bits written
by a commercial 16X-DVD disk driver on recording layer of a commercial 4X DVD+RW disk.
Useful information on the size and shape of recording bits, and subsequently the relationship
between the writing laser and material properties of recording layer can be obtained.
For scanning phase-change recording thin film samples, the quality of current intensity images
is extremely sensitive to a few factors, including the conductivity of scanning probe, the applied
bias voltages, the set point of AFM and the freshness of samples, in the order of importance.
Our experiments show that a high bias voltage may offset the poor conductivity of a conductive

probe. However, the extremely high electrical field, induced by the high bias voltage, at
scanning tip will amplify the instability of scanning probe and increase the chances of physical
damages on metallic coating of probe. A fresh area for each scanning is also essential for high
quality imaging result, because the induced current passing through the phase-change recording
thin film and the scanning probe will change the state of the phase-change thin film, and then the
contrast will be reduced.

Fig. 2. (a) A 3µm x 3µm topographic image on recording layer of a commercial 4X DVD+RW optical disk. (b) A
C-AFM current intensity image with measured bias voltage of 1mV on the same area shown in (a). Recorded bits
written by a commercial 16X-DVD driver are displayed by bright area which is the amorphous state of phase-change
recording layer. The arrow indicates the writing direction of recorded bits.

In order to understand the recording mark formation and the control of write-power level
related to the smallest achievable recording bits, a set of writing power, from 14.0mW to 7.7mW
with the disk rotation speed at constant linear velocity of 3.5m/s, is applied on a commercial
DVD+RW disk. The writing strategy is set to be a bit length of 2T with a spacing distance of
6T, i.e. a 6T2T writing strategy, as shown in Figs. 3. Figs. 3(a) to 3(d) clearly display the interconnected recorded bits for the writing laser power over 11mW. The inter-connected recording
bits resulted from the excess heat generated by focused writing laser at higher power level
although the writing strategy, 6T2T, is originally set for separate periodic marks. On the other
hand, the separate recording bits with the laser write-power of 10.0 to 9.0 mW, shown in Figs. 3(e)
to (g), give the highest CNR among all, because of the distinguishable reflection signal at the
boundary of amorphous and crystalline states on the recording layer. The distinguished shapes
of recording bits, however, are closely related to the heat response of different types of phasechange materials, spot size of writing laser and the spacing set for each adjacent mark. Earlier
recording mechanism study on the phase-change layer [5,6,8,9] by SEM or TEM usually requires
greater efforts on sample preparation and can acquire relatively poor quality imaging results only.
Our results show advantages of C-AFM are clearly superior to the earlier methods by SEM or
TEM.
For the size of recorded bits fall below the diffraction limit of 305nm (for readout laser
wavelength of 650nm and objective lens with NA of 0.65), such as the images shown in Figs. 3(h)
to (k), the carrier-to-noise ratio rapidly decays to zero, which means no diffraction optical
information can be distinguished. When the laser writing power is reduced below 8.0mW, only
a small amount of heat can induce the phase-change transition at small areas, and our experiments
showed that the uniformity of such small recording bits is positively related to the constant linear
velocity of the spinning disk. The smallest recording bit of 20nm in length can be achieved at
7.8mW write power and clearly imaged and identified by the C-AFM method. When the laser

writing power is even lower below 7.7mW, Fig. 3(l) shows no observable recorded bits by CAFM.

Figs. 3 (a)-(l) display 1.6µmx1.6µm scan of the C-AFM current intensity images for different laser write-power (14.0
to 7.7 mW). Bright recorded bits indicate the amorphous state of phase-change recording layer with lower current
intensity. The smallest recorded bit can be measured around 20nm, as shown in Fig. 3 (k).

Conclusion
A useful and reliable C-AFM method is reported and proved to be very effective in
characterization of the nano-recorded bits on a phase-change rewritable optical disk. Results
demonstrate high spatial resolution and excellent contrast images can be acquired easily. 20nm
minimum size of individual recorded bit in amorphous state of phase-change recording layer has
been successfully observed. The minimum bit size imaged by C-AFM is limited by the finite
probe size and the grain size of the measured phase-change recording layer [10].
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