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APPARATUS AND METHOD FOR OPTICAL DATA 
STORAGE AND RETRIEVAL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001) This application is a continuation of U.S. patent 
applin. Ser. No. 10/824,865, filed Apr. 15, 2004, which 
application claims the benefit of U.S. provisional patent 
application No. 60/469,780 filed on May 12, 2003 and 
entitled “Method of Optical Storage'. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

FIELD OF THE INVENTION 

0002) The present invention relates to devices and pro 
cesses for storing and retrieving data and, more particularly, 
devices and processes in which data is stored on light 
sensitive media by shining light on such media, and in which 
data stored on such media can be retrieved from the media 
by detecting light that is reflected by the media. 

BACKGROUND OF THE INVENTION 

0003) As computers have become increasingly powerful 
in terms of their data processing capabilities, the desire for 
systems that are capable of storing and retrieving large 
amounts of data in a reliable and rapid manner has corre 
spondingly increased. Although volatile memory devices 
that are capable of storing data only when power is provided 
to those devices are of importance in meeting this need, 
non-volatile memory devices that do not require continued 
energy input in order to maintain the recorded data also 
continue to be of importance, 
0004) Most non-volatile memory devices used today 
involve one of two general technologies, namely, magnetic 
recording media and optical recording media. Although both 
technologies have improved over the years in terms of their 
reliability, speed, and capacity for data storage, there con 
tinues to be a need for non-volatile memory devices with 
even greater performance. In particular with respect to 
improving the amount of data that can be stored on a given 
device, there remains a need for improvements in the 
amount of digital information that can be stored per unit area 
(“areal storage density”) of the substrates of these recording 
media. 

0005) Specifically with respect to magnetic recording 
devices, limitations in the long-term stability of very small 
magnetic domains, and the manufacturing and operational 
tolerances of the read-write heads employed to interface the 
magnetic substrates on which data is recorded, presently 
preclude areal storage densities of greater than about 70-90 
Gb/in in magnetic recording media. Although further devel 
opments in “perpendicular recording technologies have the 
potential for improving the areal storage densities of mag 
netic recording media beyond 100 Gb/in, this has not yet 
been demonstrated, as discussed in "Hard Disk Recording 
Aims To Get Perpendicular” by Peter Singer in the Septem 
ber 2002 issue of Semiconductor International (pg. 50-54). 
which is hereby incorporated by reference herein. 
0006) As for optical recording devices, these devices in 
recent years have lagged behind magnetic recording devices 
in terms of their achievable areal storage densities. The 
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present near-term target for the areal storage densities of 
optical digital versatile disks (DVDs) is only about 40-50 
Gb/in. 

0007) Although optical recording devices have fallen 
behind magnetic recording devices in terms of their achiev 
able areal storage densities, optical recording devices have 
certain advantages in comparison with magnetic storage 
devices that continue to make optical recording devices 
attractive. In particular, optical recording media are able to 
reliably store data for much longer time periods (e.g., 
decades) than magnetic recording media. Also, the light 
sources and detectors used to store and retrieve data 
recorded on optical recording media can be positioned 
significantly farther away from the substrates on which data 
is recorded than the read-write heads used to store and 
retrieve data recorded on magnetic recording media. Con 
sequently, optical recording devices are easier to design and 
somewhat more robust than magnetic recording devices. 
0008. The areal storage density of an optical recording 
medium is largely determined by how small one can make 
the size of the area or spot that is illuminated on the substrate 
to store and retrieve information without excessive bit error 
rates. This “illumination spot size' in turn is determined by 
the illumination wavelength (diffraction limit) and the 
numerical aperture of the imaging optics, as discussed 
generally in “Everything You Wanted To Know About 
DVD-R. (Technology Information)" by Andy Parsons in the 
February 2000 issue of Computer Technology Review and 
“Optical Data Storage” by H. Coufal and G. W. Burr in the 
2002 issue of International Trends in Applied Optics (Chap 
ter 26), each of which is hereby incorporated by reference 
herein. More specifically, the illumination spot size (A) and 
maximum areal storage density (D) in bits per unit area (b) 
of an optical storage medium respectively depend upon 
wavelength (0) and numerical aperture (NA) as follows: 

A-(WNA) (1) 
D*-b/A (2) 

0009. In view of the relationships expressed in Equations 
(1) and (2), one approach for increasing areal storage density 
D* is to reduce the illumination wavelength and thereby 
reduce the illumination spot size. This is quite effective, 
since both the illumination spot size and the areal storage 
density depend quadratically upon on the wavelength 
employed. 
0010. One cutting-edge attempt at attaining an improved 
areal storage density in this manner involves substituting a 
conventional, 820 nm wavelength (red) light source such as 
a GaAs laser with a 460 nm wavelength (blue) light source 
such as a blue diode AlGaN laser, as discussed in the article 
“Blue Laser CD Technology” in Scientific American, July, 
1996. pp. 48-51, which is hereby incorporated by reference 
herein. Given that the successful implementation of an 
optical recording device utilizing a 460 nm wavelength light 
source would offer nearly a 50% reduction in wavelength 
vis-a-vis the conventional 820 nm wavelength light source. 
such an implementation would result in a maximum achiev 
able areal storage density of nearly four times that of 
conventional devices. Although optical recording devices 
utilizing blue lasers continue to be pursued, such devices are 
not yet commercially available. 
0.011) Theoretically, the areal storage densities of optical 
recording media can continue to increase as the wavelengths 
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of the light employed in conjunction with those media 
continue to be decreased below the wavelengths associated 
with blue light. Practically, however, the use of light of such 
shorter wavelengths becomes problematic for at least two 
reasons. First, Successful implementation of an optical 
recording device requires a light source that provides light 
that is reasonably monochromatic at the wavelength of 
interest, and that is of sufficient intensity to allow the 
attainment of satisfactory signal-to-noise ratios. To the 
extent that it is desired to be able to write data onto the 
optical storage media, and not just read data, a light Source 
of even stronger intensity is required. At the wavelengths of 
light at which conventional optical recording devices typi 
cally operate, lasers are the only light sources that can 
effectively provide these characteristics. Yet, economical, 
Solid state lasers providing light at wavelengths lower than 
those associated with blue light continue to be unavailable. 
0012 Second, it is well known that the atmosphere is 
strongly absorbing for radiation at wavelengths of less than 
about 190 nm in the “vacuum ultraviolet' range of the 
electromagnetic spectrum (which is generally defined as 
including light with wavelengths between about 10 nm and 
about 190 nm), such that nearly total absorption of such light 
occurs with transmission through only several millimeters of 
air at atmospheric pressure. The term “light' when used 
herein generally is not intended to be limited to a specific 
range of the electromagnetic spectrum Such as the “visible 
light” region, but rather is intended to encompass radiation 
of a variety of wavelengths and, in particular, is intended to 
encompass radiation including the vacuum ultraviolet range 
of the electromagnetic spectrum. Consequently, light at 
wavelengths of less than 190 nm is seldom used in practice 
in optical devices, except in optical devices in which it is 
practical to limit the transmission of the light through sealed 
passage(s) that have been evacuated and/or inert gas purged. 
Because it is excessively expensive and otherwise imprac 
tical to utilize such sealed passages in optical recording 
devices, the use of light at wavelengths in the vacuum 
ultraviolet range appears to be generally impractical for 
optical recording devices. 
0013 Despite these difficulties associated with optical 
recording devices using light at shorter wavelengths, it 
nevertheless would be advantageous if a new optical record 
ing device was developed that could achieve significantly 
higher areal storage densities than conventional optical 
recording devices or even cutting-edge optical recording 
devices that may employ blue light. It would further be 
advantageous if such a new optical recording device attained 
areal storage densities that rivaled or even exceeded those of 
conventional magnetic recording devices, and at the same 
time still provided the advantages associated with optical 
recording devices in comparison with magnetic recording 
devices. Additionally, it would be advantageous if Such a 
new optical recording device did not require the use of 
vacuum-sealed passages for transmitting light to and from 
the optical storage media, could operate using a conven 
tional light source, and otherwise was not significantly more 
complicated or expensive to design or manufacture than 
conventional optical recording devices. 

SUMMARY OF THE INVENTION 

0014. The present inventor has recognized that an optical 
storage and retrieval device employing light in the vacuum 
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ultraviolet region of the electromagnetic spectrum could be 
advantageous over conventional optical storage and retrieval 
devices since light in this region has a shorter wavelength 
than the light used in conventional devices and, conse 
quently, a device employing this shorter-wavelength light 
could have a higher areal storage density than those of 
conventional devices. The present inventor has additionally 
recognized that, while light at most wavelengths in the 
vacuum ultraviolet region experiences significant absorption 
as it travels through the atmosphere, light having a wave 
length within a Small window at approximately 121.6 nm is 
capable of traveling through the atmosphere with much less 
absorption, such that light at wavelengths within this win 
dow could be effectively utilized in an optical storage and 
retrieval device without any vacuum sealed passages. 
Absorption of light by the atmosphere in the vacuum ultra 
violet region of the electromagnetic spectrum is principally 
due to absorption by molecular Oxygen. 

0015. Further, the present inventor has recognized that, 
while solid state lasers do not yet exist that are capable of 
providing strong, monochromatic light within the vacuum 
ultraviolet region, Hydrogen lamps giving off light at the 
Hydrogen Lyman-C. line are known, and provide strong, 
relatively-monochromatic light. Additionally, the present 
inventor has recognized that the light emitted by Such lamps, 
at the Hydrogen Lyman-C. line, happens to be at a wave 
length that is essentially identical to that within the above 
mentioned window, namely, at a wavelength of approxi 
mately 121.6 mm. Given this to be the case, the present 
inventor has recognized that it is possible to design, using 
known and relatively inexpensive components, an optical 
storage and retrieval device that does not require vacuum 
sealed passages or a special new laser or other light Source 
for its operation, and yet is capable of operating at a 
wavelength that is significantly less than those of conven 
tional (or cutting-edge) optical recording devices, so as to 
allow for significantly improved areal storage densities 
relative to conventional devices. 

0016. In particular, the present invention relates to a 
method of obtaining information stored on a storage com 
ponent. The method includes receiving light from the Stor 
age component, where the light is indicative of the infor 
mation stored on the storage component, and where a 
wavelength of the light is within a window in the vacuum 
ultraviolet region of the electromagnetic spectrum within 
which a local minimum in the absorption coefficient of 
Oxygen occurs, the window being at least one of about 1.0 
nm and about 2.0 nm in width. 

0017 Further, the present invention relates to a method of 
obtaining information stored on a storage component. The 
method includes transmitting light toward the storage com 
ponent, reflecting at least a first portion of the light off of the 
storage component, and receiving at least a second portion 
of the first portion of the light at a receiving device. The 
received light is indicative of the information stored on the 
storage component, and the light is at a wavelength within 
the vacuum ultraviolet region of the electromagnetic spec 
trum for which the absorption coefficient of Oxygen is less 
than 25 atm' cm at standard temperature and pressure. 
0018. Additionally, the present invention relates to a 
method of interacting with an optical storage medium. The 
method includes operating a light source in a manner 
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causing the light Source to generate light at a wavelength 
corresponding to a Hydrogen or Deuterium Lyman-C. line, 
and directing the light generated by the light Source toward 
the optical storage medium. 
0.019 Further, the present invention relates to a method of 
storing information on a storage component. The method 
includes providing a storage medium having an optical 
characteristic that varies in response to being exposed to 
light at a first wavelength, and exposing at least a first 
portion of the storage medium to the light at the first 
wavelength to cause a change in the optical characteristic of 
the exposed first portion. The first wavelength of the light is 
within a window in the vacuum ultraviolet region of the 
electromagnetic spectrum within which a local minimum in 
the absorption coefficient of Oxygen occurs, the window 
being at least one of about 1.0 nm and about 2.0 nm in width. 
0020 Additionally, the present invention relates to a 
method of storing information on a storage component. The 
method includes providing a storage medium having an 
optical characteristic that varies in response to being 
exposed to light at a first wavelength, and exposing at least 
a first portion of the storage medium to the light at the first 
wavelength to cause a change in the optical characteristic of 
the exposed first portion. The first wavelength is within the 
vacuum ultraviolet region of the electromagnetic spectrum, 
and an absorption coefficient of Oxygen corresponding to 
the first wavelength is less than 25 atm' cm at standard 
temperature and pressure. 
0021 Further, the present invention relates to an optical 
storage device that includes an optical storage medium and 
a light source capable of generating light that is transmitted 
to the optical storage medium. The light generated by the 
light source is at a first wavelength that is within the vacuum 
ultraviolet region of the electromagnetic spectrum and sat 
isfies at least one of the following criteria: (i) the first 
wavelength is within about a 1.0 nm-wide window in the 
vacuum ultraviolet region of the electromagnetic spectrum 
within which a local minimum in the absorption coefficient 
of Oxygen occurs; and (ii) an absorption coefficient of 
Oxygen at Standard temperature and pressure that corre 
sponds to the first wavelength is less than 25 atm' cm. 
0022. Additionally, the present invention relates to an 
apparatus for interfacing an optical storage medium. The 
apparatus includes a light Source that generates light, and at 
least one optical component that receives the light generated 
at the light source and transmits at least a portion of the light 
to the optical storage medium. The light generated by the 
light source is at a first wavelength that is within the vacuum 
ultraviolet region of the electromagnetic spectrum and sat 
isfies at least one of the following criteria: (i) the first 
wavelength is within about a 1.0 nm-wide window in the 
vacuum ultraviolet region of the electromagnetic spectrum 
within which a local minimum in the absorption coefficient 
of Oxygen occurs; and (ii) the absorption coefficient of 
Oxygen at Standard temperature and pressure that corre 
sponds to the first wavelength is less than 25 atm' cm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a partially diagrammatic and partially 
schematic view of major components of an exemplary 
optical data storage and retrieval system in accordance with 
one embodiment of the present invention; 
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0024 FIG. 2 depicts a plot of the absorption coefficient of 
Oxygen in the wavelength region of 125 nm to 180 nm, 
0025 FIG. 3 illustrates a simplified energy level diagram 
of atomic Hydrogen; and 
0026 FIG. 4 depicts a plot of the absorption coefficient of 
Oxygen in the wavelength region of 105 nm to 135 nm. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0027 Referring now to FIG. 1, there is depicted a par 
tially diagrammatic and partially schematic view of an 
exemplary optical data storage and retrieval system 10 in 
accordance with one embodiment of the present invention. 
The system 10 includes a storage disk 12 that is rotatable 
upon a turntable 14 having a central shank 16 that is utilized 
to rotate the turntable 14 at a selected rate of speed by a 
motor (not shown). 
0028. The reading of data stored on the disk 12 is 
accomplished utilizing a light Source 20 that is collimated 
utilizing collimation optics 22. A resulting beam 24 ema 
nating from the optics 22 is then reflected by a mirror 26 and 
sharply focused utilizing a first lens 28, in a manner well 
known in the optical art. The light from the lens 28 then 
passes through a beam splitter 30 and Subsequently through 
a second, condenser lens 32 and a third, objective lens 34, 
which are utilized to focus the light upon a selected portion 
or “illumination spot” 18 of the storage disk 12. The term 
“light' when used herein generally is not intended to be 
limited to a specific range of the electromagnetic spectrum 
such as the “visible light” region, but rather is intended to 
encompass radiation of a variety of wavelengths and, in 
particular, is intended to encompass radiation including the 
vacuum ultraviolet region of the electromagnetic spectrum. 
0029. In accordance with one embodiment of the present 
invention, the light source 20 of FIG. 1 emits light having a 
wavelength of or at least having wavelengths comprising a 
Small region near 121.6 mm. The Small wavelength region 
can be, for example, approximately 1 nm in size, e.g., a 
window including wavelengths ranging from 121.0 to 122.0 
nm or from 121.1 to 122.1 nm. Alternatively, for example, 
the Small wavelength region can be, for example, approxi 
mately 2 nm in size, e.g., a window including wavelengths 
ranging from 120.5 to 122.5 or from 120.6 to 122.6 (still in 
other embodiments the window could be 4 nm in size, e.g., 
+/-2 nm on either side of 121.6 mm). The system 10 employs 
the light source 20 providing light with wavelength(s) at or 
around 121.6 mm for two reasons. 

0030 First, in contrast to light at many other wavelengths 
in the “vacuum ultraviolet' range of the electromagnetic 
spectrum (which generally is defined as including light with 
wavelengths between about 10 nm and about 190 nm), light 
having wavelength(s) at or around 121.6 mm can be trans 
mitted with relatively little loss through the atmosphere. In 
particular, as shown in FIG. 4, the absorption coefficient of 
Oxygen with respect to light having wavelength(s) at or near 
121.6 mm is particularly low in comparison with the absorp 
tion coefficients for light at essentially all wavelengths 
longer than 121.6 nm, up to at least about 180 nm. The 
absorption coefficient of Oxygen O. (e) for light at 121.6 mm 
specifically is about 0.3 atm' cm, as indicated by an 
arrow 12a of FIG. 4, which is one to three orders of 
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magnitude less than the absorption coefficients for light at 
wavelengths between this window and 175 nm. 

0.031) Given the low absorption coefficient for light hav 
ing wavelength(s) at or around 121.6 nm, Such light can be 
transmitted over relatively long distances within the optical 
data storage and retrieval system 10 without the need for an 
evacuated chamber or inert gas purging, which are imprac 
tical for implementation in Such a system. For example, if 
light, at 121.6 nm having an absorption coefficient of 0.3 
atmcm' is transmitted over a 2 cm distance, the light will 
only experience about 12% absorption, such that 88% of the 
light will be transmitted over such transmission path. This is 
in contrast to the absorption associated with light having a 
wavelength of for example, 157 nm (see arrow 14a of FIG. 
2), in which nearly total absorption occurs over a transmis 
sion path of less than 1 mm as a result of the high absorption 
coefficient (about 200 atm' cm). 
0032 Second, the light source 20 provides light having 
wavelength(s) at or around 121.6 nm because the present 
inventor has realized that, while intense, relatively-mono 
chromatic light Sources are unavailable for emitting light at 
many of the wavelengths within the vacuum ultraviolet 
portion of the electromagnetic spectrum, there have been 
devised intense, relatively monochromatic light Sources that 
provide light at the 121.6 nm wavelength. These light 
Sources exist because the 121.6 nm wavelength happens to 
coincide with the Hydrogen Lyman-C. line existing at 
121.568 nm. 

0033. A number of Hydrogen Lyman-C. line light sources 
are known in the art. One exemplary, physically Small, light 
source for this wavelength was utilized to measure the 
absorption cross-section of ammonia in the gas-phase, as 
discussed in an article by W. Cheung, B. Gelernt, and T. 
Carrington in Chem. Phys. Lett., 66, 287 (1979), which is 
hereby incorporated by reference herein. Another exem 
plary, high intensity Source developed more recently is 
shown in articles by V. Lieberman et al. and Jianxun Yan et 
al. in the November/December 2002 issue of J. Vac. Sci & 
Technol. B (2006)), which are hereby incorporated by ref 
erence herein. This latter light source is capable of providing 
more than 0.5 J of 121.6 nm radiation per pulse. 

0034. Other light sources for providing light at the 121.6 
nm wavelength also are known, and/or would be known to 
one of ordinary skill in the art in view of known technolo 
gies, For example, it is known to those skilled in the art of 
atomic and molecular spectroscopy that microwave excita 
tion of a mixture comprising Hydrogen, (or Deuterium, or 
Hydrogen containing gases) with noble-gas diluents, such as 
Helium, produce strong Hydrogen Lyman-C. emission. Also, 
for example, a device for four-wave mixing in metal vapors 
such as that shown in U.S. Pat. No. 5,185.552 to Suzuki et 
al., which issued on Feb. 9, 1993 and is hereby incorporated 
by reference herein, could be implemented to provide light 
at the 121.6 nm wavelength. The aforementioned light 
Sources are only intended to be exemplary, however, and the 
present invention is intended to encompass all optical Stor 
age and retrieval devices that employ any light sources that 
produce light having wavelength(s) at or around 121.6 nm, 
regardless of the particular attributes or designs of those 
light Sources. Additionally, with respect to Hydrogen-based 
light Sources, the present invention is intended to encompass 
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a variety of light sources that employ different isotopes of 
Hydrogen, including standard Hydrogen (having no neu 
trons) and Deuterium. 
0035) Referring to FIG. 3, it should be noted that, strictly 
speaking, the Hydrogen Lyman-C. line consists of two emis 
sion lines that are very close wavelength, separated by only 
approximately 0.0005 nm. This occurs because the Hydro 
gen atom has two “nearly degenerate upper energy states 
E, and Ea that are very close but not identical in energy and 
consequently produce light at two wavelengths. Neverthe 
less, due to the proximity of the two wavelengths, to a first 
approximation one can think of Hydrogen Lyman-C. radia 
tion as having two very closely spaced lines that are gen 
erally additive and combine to form the single Lyman-C. 
line. 

0036) Although as discussed above a preferred embodi 
ment of the present invention utilizes light having wave 
length(s) at or around 121.6 nm, there are other portions of 
the vacuum ultraviolet range at which minima in the absorp 
tion coefficient of O also occur. For example, as shown in 
FIG. 4 and particularly as indicated by the arrows 12c, 11a 
and 11b, local minima also occur for light having wave 
lengths in the vicinity of 127.1 nm, 118.7 nm and 116.7 nm, 
etc. The preferred embodiment of the present invention uses 
light at or around 121.6 nm because, as discussed above, 
light Sources exist for providing light in this window due to 
the coincidence of this window with the Hydrogen Lyman-C. 
line. Nevertheless, alternate embodiments of the present 
invention also could employ light sources that provide light 
at or around one or more of these other wavelengths at which 
local minima (of sufficient depth) in the absorption coeffi 
cient of O. occur, or that provide light at wavelength(s) at 
which the absorption coefficient of O is low (e.g., below 25 
atm' cm). 
0037 Returning to FIG. 1, as is well known in the art, 
light that is reflected back from the storage disk 12 is then 
directed by the beam splitter 30 through a pinhole 36 to an 
optical detector 38. The output of the optical detector 38 then 
represents a digital data stream 48 which will vary according 
to the optical characteristics of selected portions of the 
surface of the disk 12. The optical detector 38 can take the 
form of any of a number of optical detection devices that are 
known in the art or would be obvious to one of ordinary skill 
in the art. For example, the optical detector 38 in certain 
embodiments is formed by a photodiode or photo-transistor. 

0038 Preferably, the optical detector 38 is relatively 
insensitive to light at wavelengths other than that which is 
specifically produced by the light source 20 as discussed 
above. For example, the optical detector 38 could be “solar 
blind', and insensitive to visible light emissions originating 
from the light source 20 as well as to ambient light origi 
nating elsewhere. Accordingly, in certain embodiments, the 
optical detectors are solid state detectors with appropriate 
band-gaps as are known to persons of ordinary skill in the 
art. The use of such optical detectors that are sensitive only 
(or disproportionately) to light at or around 121.6 nm (or 
Such other wavelength of interest) would improve the signal 
to-noise ratio of the detector. In certain embodiments, given 
the high energy level of photons at 121.6 nm, it may be 
possible to induce significant fluorescence when light from 
the light source 20 is applied to the disk 12, making it 
possible to achieve further improved signal-to-noise ratios. 



US 2007/0183291 A1 

0039. Further with reference to FIG. 1, the proper focus 
of the objective lens 34 in the present embodiment is 
maintained by affixing the objective lens to a movable 
diaphragm 40 of a focus head 50 and by varying a first 
current 46 applied to a coil 42 of the focus head 50. The 
magnitude and polarity of the current 46 Supplied to the 
focus head 50 can be determined as the output of a first 
differential amplifier 52 in the following manner. A portion 
of a reflected beam output 44 of the beam splitter 30 is 
obscured by a beam obstructor 54 and the thus obscured 
beam is then applied to beam splitter 56 (positioned in 
between the beam obstructor and the pinhole 36), which 
reflects a portion of the beam between two elements of a first 
bi-element optical detector 58. Given this design, any move 
ment of the objective lens 34 away from proper focus will 
cause the beam reflected by the beam splitter 56 to blur onto 
one of the two elements of the bi-element optical detector 
58, generating an input to the differential amplifier 52. 
0040. Further, tracking along the digital data recorded on 
the disk 12 is accomplished by using both coarse and Vernier 
position translators. The entire optical head assembly, as 
included within a dashed line 60, is movable by means of a 
radial position translator 62. Additionally, for vernier trans 
lation, a portion of the beam passing from the first lens 28 
to the beam splitter 30 is deflected utilizing an additional 
beam splitter 64, and the deflected portion of the beam is 
then focused onto a second bi-element optical detector 66. 
As in the case of the first bi-element optical detector 58 
discussed above, the output of the second bi-element optical 
detector 66 is utilized to drive a second differential amplifier 
68. The output of the second differential amplifier 68 in turn 
governs the magnitude and polarity of a second current 70 
provided to a lens translator 72. The lens translator 72 is then 
utilized to translate the condenser lens 32, which causes 
proper tracking of the optically discernible data. The lens 
translator 72 can be constructed, for example, using a 
piezoelectric translator. 

0041 Although the lenses 28, 32 and 34 as well as the 
beam splitters 30, 56, and 64 discussed above can be of any 
appropriate conventional design, in a preferred embodiment 
these components are manufactured using optical materials 
that are particularly appropriate for the transmission of light 
at or around 121.6 nm (or such other wavelength that is of 
interest). Transmittive optical materials for collimating, 
imaging and collecting light at or around 121.6 nm in 
particular are somewhat limited. CaF2 has some transmis 
sion, but MgF and LiF have intrinsic absorptions at 115 nm. 
and 105 nm, respectively. In certain embodiments, it also 
may be appropriate to employ reflective, or catadioptic, 
optical designs in order to focus incident light and collect 
reflected light. 
0042. The writing of data onto the disk 12 can be accom 
plished using any of a variety of methods known in the art. 
For example, in one embodiment, information is recorded on 
the disk 12 by a process in which the temperature of certain 
portions of the surface of the disk 12 are selectively, 
temporarily raised above a preselected temperature, in order 
to melt chemical deposits that exist on the metallic substrate 
of the disk. Such a process in turn causes one or more optical 
characteristics (e.g., reflectivity) associated with some or all 
of those portions of the disk to vary. More specifically, this 
type of process can be accomplished by operating the light 
source 20 at a higher power level to temporarily heat the 
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portions of the disk 12. In certain embodiments, the light 
source 20 can be modulated between the higher power level 
and a lower power level (or zero-power level) with respect 
to different portions of disk 12, so as to cause changes in the 
Surface at certain locations but not others, thereby recording 
information. In the present embodiment, in addition to the 
movement provided by the translators 62,72, the disk 12 is 
rotated to allow for exposure of different portions of the 
surface of the disk to the light, although other methods of 
facilitating the exposure of different portions of the disk 
known to those of ordinary skill in the art could also be 
employed. 
0043. While the Hydrogen Lyman-C. light sources 
employed as the light source 20 in Some circumstances may 
not have photon fluxes equaling that of a solid state laser, 
Such light sources nevertheless are generally capable of 
providing Sufficient photon fluxes for the purpose of writing 
to the disk 12, for two reasons. First, photons having a 
wavelength of 121.6 nm as are emitted by Hydrogen 
Lyman-C. light Sources are nearly eight times more ener 
getic, respectively, than the photons emitted by light sources 
employed in conventional, red-light optical recording 
devices (e.g., the photon energy at 121.6 nm is 10.2 eV. 
while the photon energy for red light is approximately 1.3 
eV). Second, due to the short wavelength(s) of the light used 
by the system 10, the illumination spot 18 on the disk 12 can 
be up to 36 times smaller than the illumination spot of a 
conventional optical recording device employing red light. 
Consequently, satisfactory fluxes can be achieved at the disk 
12 with much less overall light energy output by the light 
source 20 than must be delivered by the lasers employed in 
conventional optical recording devices. 
0044) The 121.6 nm photons used in the system 10 are of 
Sufficiently high energy as to be capable of breaking most 
chemical bonds. Therefore the use of this radiation allows 
not only for photo-physical processes, such as the melting 
process discussed above, but also photochemical writing 
processes. For example, U.S. Pat. Nos. 5,645,964 and 5,858, 
586 to Nohr et al., which respectively issued on Jul. 8, 1997 
and Jan. 12, 1999 and which are both hereby incorporated by 
reference herein, disclose the use of various aromatic mol 
ecules, in combination with colored dye substances (such as 
crystal violet). The molecules absorb ultraviolet light at 
wavelengths ranging from 300 nm to 4 nm and, upon 
absorbing the light, can transfer energy (sensitize) the 
decomposition of the dye substances. Because the irrevers 
ibly decomposed dye is far more reflective than the unde 
composed dye, it is possible to employ the dye to store 
information on optical recording media, where the recording 
of data occurs when light of the appropriate wavelength is 
applied to the aromatic molecules. In addition to this exem 
plary photochemical writing process, other photochemical 
schemes can also be utilized to permanently write digital 
information once on an optical disk and read such informa 
tion many times (WORM), or to temporarily write digital 
information on an optical disk and read Such information 
many times (or, in Some circumstances, only one time). 
0045. The present invention is advantageous over con 
ventional optical data storage and retrieval devices because 
of its use of light at wavelengths that are shorter than the 
light used by Such conventional devices. Conventional opti 
cal data storage and retrieval devices generally do not use 
light at wavelengths below the blue range, that is, light at 
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wavelengths of less than 460 nm. In contrast, the present 
invention employs light at or around 121.6 nm (or at similar 
ranges within the vacuum ultraviolet region at which local 
minima in the absorption coefficient of O. occur), which 
constitutes nearly a four-fold decrease in wavelength or 
four-fold increase in frequency. In view of Equations (1) and 
(2) set forth above, the present invention therefore allows on 
the order of about a sixteen-fold decrease in illumination 
spot size and a sixteen-fold increase in areal storage density 
relative to blue light-based optical recording devices. Fur 
ther, insofar as conventional optical data storage and 
retrieval devices typically do not operate using blue light but 
instead typically utilize light of even longer wavelengths 
(e.g., red light), the increase in areal storage density afforded 
by the present invention in comparison with Such typical 
devices is on the order of a 35-fold increase. Because of the 
increase in areal storage density afforded by the use of light 
in the vacuum ultraviolet range, it not only becomes possible 
to increase the amount of data stored on an optical recording 
medium of given size, but also becomes possible to reduce 
the overall size of the optical recording medium (e.g., by 
reducing the diameter of the recording disks) without reduc 
ing the overall data storage capacity of the medium. 
0046) The use of such short wavelength light by the 
present invention offers additional advantages as well. As 
discussed above, the light source 20 can be of relatively less 
power than the light sources employed in conventional 
optical recording devices since the photons at short wave 
lengths are more energetic than photons at the longer wave 
lengths employed conventionally, and since the illumination 
spot 18 that is used is of reduced size relative to that of 
conventional optical recording devices, thus allowing for a 
greater concentration of the energy produced by the light 
source. Further, the resolution, R, and the depth of field, 
DOF, of the imaging optics of an optical recording device 
vary linearly with the wavelength of the light employed as 
follows: 

R-(2f7D): (3) 
DOF-1 (f7D)?. (4) 

where f is the focal length of the imaging lens and D is the 
effective aperture. Given equation 3 and equation 4, one can 
see that the “control complexity of the imaging system 
varies linearly with wavelength, while the imaged area, and 
therefore the data storage density, varies quadratically with 
wavelength. 
0047 Although the optical data storage and retrieval 
system 10 of FIG. 1 is one example of an optical recording 
device in accordance with the present invention, the present 
invention is not intended to be limited to the specific 
structures, components, and methods discussed in relation to 
that embodiment. A variety of optical data storage and 
retrieval systems and processes other than those shown in 
relation to FIG. 1 are known in the art, and the present 
invention is intended to encompass all Such systems and 
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processes that could be utilized to construct an optical data 
storage and retrieval system that utilizes light at wavelengths 
within the above-discussed window about 121.6 nm and/or 
within other absorption windows that exist in the vacuum 
ultraviolet range. Generally speaking, therefore, the present 
invention is intended to encompass any optical systems or 
processes that involve directing light at wavelengths within 
the above-discussed window(s) toward an optical recording 
medium, and are capable of detecting the light reflected off 
of that medium to obtain data stored on that medium and/or 
are capable of varying the light or some other characteristic 
of the system in order to store data on that medium. While 
the present invention includes systems that store data on 
disk-type media that rotate, the present invention also is 
intended to encompass systems that record data on a 
medium of any shape or size, regardless of whether it 
rotates, translates or remains stationary during the processes 
of storing and/or retrieving data. 
0048. Therefore, the above description has been that of a 
preferred embodiment of the present invention. It will occur 
to those that practice the art that many modifications may be 
made without departing from the spirit and scope of the 
invention. In order to apprise the public of the various 
embodiments that may fall within the scope of the invention, 
the following claims are made. 
I claim: 

1. An apparatus for interfacing an optical storage medium, 
the apparatus comprising: 

a light source that generates first light at a first wavelength 
corresponding to a Hydrogen or Deuterium Lyman-C. 
line, wherein the first light is at least partly directed 
toward the optical storage medium; and 

a light receiver that receives second light that is reflected 
by the optical storage medium in response to the first 
light encountering the optical storage medium, 

wherein the second light includes at least a portion of the 
first light generated by the light source, and wherein the 
second light is indicative of information stored on the 
optical storage medium. 

2. The apparatus of claim 1, further comprising: 
at least one optical component that receives the first light 

generated at the light source and transmits at least some 
of the first light to the optical storage medium. 

3. The apparatus of claim 2, wherein the at least one 
optical component is selected from the group consisting of 
a mirror, a beam splitter and a lens. 

4. The apparatus of claim 1, wherein the storage medium 
is rotated so that the first and successive portions of the 
storage medium are exposed to the light. 

5. The apparatus of claim 1, wherein the first wavelength 
is approximately 121.6 mm. 
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