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Figure 2.2 AFM and ellipsometer analysis of the write layer. A) tap-
ping mode AFM image of a piece of silicon wafer, similar to the ones used
in C) and E). The roughness of the surface was measured to be 1.4 ± 0.5
Å. B)Spectroscopic ellipsometer measurements of individual carbon and tel-
lurium films. C) Tapping mode AFM image of a tellurium film step edge.
The roughness of the film was 7.9 ± 0.3 Å. D) Step edge profile of the tel-
lurium film. E) Tapping mode AFM image of a carbon film step edge. The
roughness of the film was 5.2 ± 0.1 Å. F) Step edge profile of the carbon
film.
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Figure 2.3 Analysis of the written pits. A) HF trace showing the contrast
between reflective lands and non-reflective pits for all the different sizes of pits
superimposed. B) Optical micrograph of the written pits. C) SEM image of
written pits. The bright rings around the pits are caused by an accumulation
of material around them when the pits are written. D) Tapping mode AFM
image of written pits. E) Profile taken along the line shown in D). The
writing process forms pits in the write layer.
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Figure 2.4 Optical transmission of 5 different write layers were measured
over 120 days at room temperature, shown in the solid lines. Optical trans-
mission of bare tellurium films from Lee and Geiss is shown in the dashed
lines for comparison.

To test the stability of the CTeC films, optical transmission was measured and

compared to tellurium films without carbon. The solid lines in Fig 2.4 are CTeC

films, the dashed lines are published tellurium films from Lee for comparison. [14]

Data to clock jitter is a measure of how well defined the pits and lands of a disk

are [reference]. If the transition from pit to land or vice versa is not clean (sloped

pit edge, jagged border, incorrectly formed pit, etc) it will result in a higher jitter

value. The DVD specification states that the jitter can not be greater than 9% of a

clock cycle; with a clock cycle of 38.32 ns data to clock jitter should not exceed 3.44

ns. [15] Table 2.1 lists average values for the data to clock jitter as well as average

write power and reflectivity before write.



2.3 Discussion 20

Parameter Value

Write Power 15.4 ± 0.5 mW

Data to Clock Jitter 4.99 ± 0.30 ns

Reflectivity Before Write 25.4 ± 0.59%

Table 2.1 Average values from 4 disks that were read in an off-the-shelf
commercial drive. Reflectivity was measured with a wavelength of 650 nm.

2.3 Discussion

All of the disks included in table 2.1 were read back in commercial off-the-shelf drives.

As seen in the optical micrograph in 2.2-B, the pits appear to be well defined in

general. In the SEM and TEM images we saw that there were tellurium nano-particles

that did not move during the write process, but those nano-particles did not appear

to affect the optical contrast and our ability to read the data from the disks. As

was mentioned previously, the bright rings around the pits are caused by a small

accumulation of tellurium at the edges of the pits. The rings are visible in the AFM

images in Figs 2.2-D and F. From Fig 2.2-F we can see that the rings are less than 5

nm tall and a few 10s of nanometers wide. These accumulation rings have been seen

before in the literature (see references already given). It is possible that the rings of

material contribute negatively to the jitter value; however, we were still able to read

the data off the disks in an off the shelf commercial drive. The carbon layers do not

negatively impact our ability to make pits in the tellurium.

The CTeC stack shows promise as a long term data storage layer. The optical

transmission of the CTeC layer did not change appreciably after the 15 day point,

while plain tellurium films showed 12% to 30% changes in transmission that continued

after 120 days. Lee and Geiss saw a dependence of oxidation rate on the rate of film
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deposition, with slower oxidation rates occurring with faster film depositions. [14] The

CTeC films used in this study were deposited relatively slowly, 2 to 8 nm/min, so their

oxidation rate cannot be attributed to fast deposition rates. Also, in previous work it

was observed that the tellurium layer would oxidize locally at defects (rougher areas,

scratches, etc) in the substrate. [16] The carbon film that the tellurium layer was

deposited onto was seen to be very smooth, thus reducing the likelihood of oxidation

of the tellurium layer.



Chapter 3

Conclusions

We have made a recordable DVD with a novel write layer consisting of layers of carbon

and tellurium. The data on the recorded disks was readable on off the shelf drives.

We have characterized the composition and structure of the layers and found that

they represent a system with potential for long term stability, therefore this system

shows promise as an archival data storage material.

3.1 Future Work

As was mentioned at the beginning of Chapter 2, the characterization presented here

is not exhaustive and there is still more that could be learned about this stack. The

better this stack is understood the the better we know how to improve it.

The model that was presented in the introduction was not very sophisticated, and

I used values from the literature. The next step would be to improve the model by

adding in a geometrical factor to make a more realistic approximation of the hole

shape. Some effort would also be well spent in determining actual values for the

surface energies of the materials in the disk. Because they are thin films and have

22
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been sputtered with CO2, it is reasonable to expect that the surface energies will be

different from the bulk tellurium or carbon. This would give a better representation

of what is happening energetically in the disk during the write process. Coupling this

with a calculation of the kinetics involved in hole formation would give a much fuller

picture of hole formation in these disks and would help us understand what the effect

of the carbon layers is. It would also lay the foundation of an experimental study of

hole size as a function of surface energy.

Some other interesting questions that remain too are: does the tellurium stays in

between the carbon layers during writing or does it get transported across the carbon

layer, how well do the carbon layers retard the oxidation of the tellurium, and does

the write process change the crystal structure or grain size of the tellurium. The

answers to these questions would further our understanding of this stack of materials

and provide insight into how to improve its performance.
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