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Simulation Analysis and Experimental Validation of a New Multi-Level
Read-Only Optical Recording Method
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Abstract A multi-level method using wave-shape modulation is presented. In this method, a short pit or land is
added to the original marks, which leads to a recognizable “disturbance” in the readout signal and results in wave-
shape modulation of readout signal. Using a simplified mastering model and angular-spectrum decomposition-based
readout model, this method is simulated on the DVD system. Simulation determines how many levels can be realized
for each run-length as well as the writing parameters for each level. Experiments on typical run-length of 6T and 11T
are carried out. The readout signal agrees with the simulated one. Level error rates less than 1X10 * and 1X10 °
are achieved. Experiments validate this new multi-level recording method.

Key words optical storage; multi-level method; readout signal wave-shape modulation; mastering model; optical
disk readout model
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Fig. 1 Principle of this method. (a) Land with an inserted short pit, (b) pit with an inserted short land
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Fig. 2 Principle of conventional multi-level recording
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Fig. 3 AFM scanned and simulated 6T pit cross sections. (a) Center cross section along the pit track, (b) center

cross section along the radial direction
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Table 1 Critical parameters for DVD mastering

Substrate Si0O, glass
. kind microposit S1813
Photo-resist )
thickness 130 nm
Laser wavelength (1) 405 nm
Exposure ) o
Numerical aperture of objective lens (NA) 0.9
Developer 3:1 D. 1. Water: microposit developer concentrate
Development temperature 22 C
time 12 seconds

Linear velocity 3.52 m/s (DVD 1X)
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Fig. 4 Simulation results of 6T pit (a) and land (b). Up: center cross section along pit track. Down: readout signal
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Fig. 5 Simulation results of 6T pit (a) and land (b) after selected write greators. Up: center cross section along

pit track. Down: readout signal
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Table 2 Writing vectors used in 6T simulation

Pit Land
Level Writing vector Level Writing vector
1 [303] 1 [4.504.5]
2 [24.75 7 24.75]/9 2 [34 13 34]/9
3 [23.75 11 23.75]/9 3 [32 17 32]/9
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Fig. 6 Simulation results of 9T pit (a) and land (b). Up: center cross section along pit track. Down: readout signal
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Table 3 Writing vectors used in 9T simulation

Pit Land
Level Writing vector Level Writing vector
1 [4.504.5] 1 [4.504.5]
2 [36.5836.5]/9 2 [34 13 34]/9
3 [34 13 34]/9 3 [32 17 32]/9
4 [28 11 427/9 4 [27 16 38]/9
5 [42 11 287/9 5 [38 16 271/9
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Fig. 7 Simulation results of 11T pit (a) and land (b). Up: center cross section along pit track. Down: readout signal
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Table 4 Writing vectors used in 11T simulation

Pit Land

Level Writing vector Level Writing vector

1 [5.505.5] 1 [5.505.5]

2 [45.5 8 45.5]/9 2 [43 13 437]/9

3 [31959]/9 3 [30 14 55]/9

4 [59931]/9 4 [55 14 30]/9

5 [43 13 437/9 5 (4117 417/9

6 [32 13 54]/9 6 [30 17 52]/9

7 [54 13 327]/9 7 [52 17 30]/9
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