
riven by the demand for greater capacity
and higher performance, and bolstered

by the anticipated success of digital versatile
disks (DVDs), the multibillion-dollar optical-
storage industry expects to boost high-densi-
ty storage capacities beyond 4.7 gigabytes
(GB) per disk by the year 2000. Along with
recent advances in enabling materials and
technologies, this growth in storage capacity
has sparked new interest in emerging alter-
native devices, such as near-field optical
memories and holographic data storage, that
could increase current capacities by orders of
magnitude. This high-density quest promises
some exciting innovations in optical-storage
technology and potential applications particu-
larly attractive to industrial users.

Dominated by the Japanese, the current
world market for optical-storage technology
continues to surge. More than 72 million opti-
cal disk drives were shipped in 1997, includ-
ing CD-ROMs and the new DVD-ROM drives,
as well as magneto-optic devices, says Ray
Freeman, president of Freeman Associates
(Santa Barbara, CA). He predicts the volume
will reach 96 million by 2000. Revenues in
1997 totaled approximately $7.4 billion and
are expected to hit $8.1 billion by 2000.

CD formats continue to dominate the
market, reports DISK/TREND (Mountain
View, CA), which tracks industry trends. It
puts the 1997 volume for CD-ROMs alone at
more than 66 million. “CD-ROM has become
ubiquitous, and it’s that ubiquity that makes
the CD and DVD technology so powerful,”
Freeman says. CD-ROM sales are expected
to begin declining in 1999 as DVD-ROMs
begin to dominate the market for read-only
drives. Because DVD systems allow access
to CD as well as DVD formats, Freeman pre-
dicts a smooth transition to DVD, with
usage increasing dramatically this year.

Since 1991, the average data density of
conventional magnetic hard-disk drives sold
worldwide has increased 60% per year, while
the price per megabyte has plummeted from
$5.23 to $0.10. The introduction of DVD-
ROMs has boosted storage capacities for
removable disks to 4.7 GB, compared with
600 MB for CD-ROMs, and the format is

expected to reach 17 GB shortly after the
turn of the century. Despite these advances,
information technology in the 21st century
will require storage capabilities that
far exceed the potential of current
devices. The National Storage
Industry Consortium predicts that in
1999 the demand for new storage
devices will exceed 350,000   ter-
abytes. This demand has revitalized
efforts to develop emerging alterna-
tive technologies, with start-up com-
panies as well as major disk-drive
makers Seagate and Quantum
Corp. exploring new approaches to
gain advantage.

Near-field optical storage
A technique called near-field optical mem-

ory provides one of the most promising alter-
natives.  TeraStor (San Jose, CA)  has
merged two technological  breakthroughs—
the solid immersion lens (SIL) and the flying
optical head—to create a revolutionary
hybrid storage device using near-field record-
ing. TeraStor’s creation won “Most Important
Advance in Data Storage Technology” at the
DataStorage ’97 Forum last September. “It’s
a tremendous areal-density advantage,”
says Gordon Knight, the company’s chief
technical officer. “We have about 10 times
the areal density of what hard-disk drives are
today, and we think we can maintain that
edge for about five years.” 

For its device, TeraStor licensed SIL tech-
nology, which was developed by Stanford
University’s Gordon Kino, and can achieve
near-field recording as close as 150 nm
from a plastic substrate. And because the
close proximity to the surface of the medium
requires some sort of air cushion, similar to
that in hard-disk drives, the company formed
a strategic partnership with Quantum Corp.
to use the flying-optical-head technology,
which Digital Equipment Corp. originally
developed in the early 1990s.

In TeraStor’s device, the flying optical head
contains a magnetic write coil and two optical
elements, one of which is a SIL. The head is
used to position these three elements in

close proximity to the recording disk, where
the SIL tightly focuses a laser beam to pro-
duce an ultrasmall spot that is projected onto

the top surface of the disk using evanescent
coupling. The near-field recording process
records the ultrasmall light spot onto the disk
surface by heating it with a laser, so that the
magnetic write coil becomes effective. Over-
lapping these ultrasmall spots using a tech-
nique called crescent recording achieves
extremely narrow bit cells.

The company plans to introduce its first
commercial product later this year. For
removable storage devices, it is targeting
backup, archive, and data-interchangeability
applications in computer environments rang-
ing from large data centers, high-powered
workstations, and networks, to individual
desktops. For fixed applications, TeraStor
expects to achieve the industry’s highest
mass storage capacities at the lowest cost
per gigabyte. The technology’s major draw-
back is that because the medium rests on
the surface, data potentially can be obliterat-
ed by bits of dust and debris, especially in a
removable configuration.

Holographic data storage
Conventional storage devices store data on

a surface layer with limited areal density, and
they read the information serially. Holographic
recording exploits the third dimension, using
lasers to store data as “pages” of electronic
patterns within the volume of the storage
medium, and information is read in parallel.
This offers an advantage greater than an
order of magnitude in storage capacity, data
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rate, and cost per gigabyte relative to other
mass-storage technologies. Potential applica-
tions include image processing for medical,
video, and military purposes, as well as satel-
lite communications, airborne reconnais-
sance, high-speed digital libraries, and
rugged storage for tactical military vehicles.

The concept of holographic data storage
dates back to the early 1960s, and the field
has experienced a number of peaks and val-
leys since then. However, advances in such
enabling technologies as lasers, solid-state
detector arrays, and spatial light modulators,
mostly driven by the entertainment and con-

sumer electronics industries, make holo-
graphic data storage much more viable
today, notes Glenn Sincerbox, director of the
Optical Data Storage Center at the University
of Arizona. “These key technologies, which
didn’t even exist 10 to 30 years ago, have
now been developed for other applications,
and they are coming down in cost, which
makes them useful for holographic storage
applications,” he says.

Optitek (Mountain View, CA) has advanced
the technology far enough to attract venture
capital investment. It expects to introduce a
commercially viable holographic device by
the year 2000, although it will fall short of
realizing the full potential of the technology.
Initial target markets include areas requiring
massive storage capacities, such as the
tapes currently used to back up large data
systems. “The goal is basically to validate
the technology in the short term so that it
can then be further exploited in terms of all
the other potential performance benefits you
get from holographic storage,” says John
Forese, Optitek’s director of marketing devel-
opment. The company also recently demon-
strated a prototype digital holographic-video-
storage system, the first capable of reading
out compressed video data in real time.

Holoplex (Pasadena, CA) developed a
holographic memory system that was used in
Japan for real-time fingerprint identification
for security applications. While that product
has since been discontinued, the company is
developing new holographic technologies
aimed at providing low-cost alternatives to
the CD-ROM “jukeboxes” currently used to
store data for hospitals, libraries, and banks,
as well as for archival storage, government
systems, military intelligence networks, and
video game applications.

Optical DRAM
Templex Technology (Eugene, OR) is

developing a new optical dynamic-RAM
(ODRAM) module to enhance the perfor-
mance of traditional magnetic storage
devices,  using the fi rm’s temporal ly
accessed, spectral-multiplexing technology.
According to Alan Johnson, a Templex senior
research scientist, the technology consti-
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tutes a radical new entry into the computer
memory hierarchy. Its performance specifica-
tions fall somewhere between fast-but-
expensive semiconductor RAMs and magnet-
ic hard drives, which are relatively slow but
have the advantage of low price and nearly
permanent data storage. 

Offering the capacity of magnetic media
and the speed of semiconductor RAM, a sin-
gle ODRAM memory unit will contain 50 to
100 GB of memory and display a 10- to 20-
µs random-access time, at a cost 5 to 10
times lower than that of an equivalent
capacity of silicon DRAM. However, Johnson
doesn’t think the ODRAM will replace any
existing memory technology. He sees the
module primarily as a value-added feature.
“It will be designed to work with existing
computers, such that the overall system per-
formance is enhanced,” Johnson said.

The ODRAM unit relies on a process known
as persistent-spectral-hole-burning (PSHB)
memory. In this process, a read/write laser
beam is passed through a specific spatial
recording spot in a frequency-selective stor-
age material, then scanned in frequency,
which varies the transmitted laser power and
results in spectral “holes” representing bina-
ry data. Templex’s more advanced implemen-
tation combines nonmechanical beam posi-
tioning with spectral multiplexing, in which
each bit is written over a wide range of fre-
quencies and lies on top of many other bits.
To read the data, the stored information is
transformed into an optical signal, recreating
the bit stream that was originally stored.

The system’s major drawback is its need
for cryogenic temperatures (5–70 K) for the
storage materials, making it unsuitable for
desktop applications. “At room temperature,
the persistence doesn’t last as long, so you
can’t really take advantage of the ability to
store many spectral holes within a homoge-
neously broadened spectrum,” Sincerbox
says. However, Johnson believes the ODRAM
approach is ideal for large-scale applications
requiring fast access to massive databases
of small individual records because the per-
formance advantages gained would outweigh
the refrigeration costs.  These systems
include those used by banks, insurance and

credit card companies, Web servers, airline
reservation centers, and the Internal Rev-
enue Service, to name a few.

Other novel devices
Call/Recall (San Diego, CA) is developing

a storage device based on two-photon mem-

ory technology. DVDs have two layers on
each side of a disk, but a two-photon device
would allow hundreds of layers on each side.
These disks would have the same physical
dimensions as CDs or DVDs, but with a
capaci ty up to 100 GB. According to
Call/Recall’s Rick McCormick, the process
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uses two photon beams, neither of which
has enough photon energy to cause a
change in a plastic medium by itself. But
changes do occur where the beams overlap
both spatially and temporally. Because the
only interaction takes place where the two
beams overlap, one can independently
access points in three-dimensional volume.

While volumetric in nature, two-photon
devices are similar to conventional memory
in that they are bit-oriented, which makes
them vulnerable to defects and potential loss
of data. Call/Recall has made several labora-
tory prototypes of its device, demonstrating
storage of 100 layers in an 8-millimeter-thick
sample, and has supplied a portable ROM
prototype to the U.S. Air Force, although
McCormick doesn’t expect a commercial
product to be available until after 2000.

Electron-trapping optical memory (ETOM)
uses multilevel recording rather than binary
logic. This method allows one to store four
or more levels in a single spot, rather than
two, multiplying the number of bits stored.
ETOM was the focus of Optex Communica-
tions, which recently declared bankruptcy.
Although the technology was viable, the
company failed to attract required new
investment because of the major continuing
advances in magnetic memories and other
forms of more conventional optical data
storage. “The process works,” says Donald
Carlin, who served as the company’s chief
technology officer before joining Sarnoff
Corp. (Princeton, NJ). In fact, Intel recently
introduced a similar scheme for flash mem-
ory. “It’s possible, for example, to conceive
of near-field optical storage on ETOM media
to achieve threefold improvement in perfor-
mance,” he adds. “But is it worth the time
and money required to develop it?”

Carlin’s experience with Optex demon-
strates the biggest challenge facing any new
technology—penetrating a market dominated
by magnetic hard drives and CD and DVD for-
mats. He believes that new devices must be
aimed at consumer products in order to
become pervasive. “The needs for data stor-
age dwarf the current storage and perfor-
mance capabilities, such as data rate and
access time,” he says. But conventional tech-

nologies keep getting better, making it diffi-
cult for alternatives to compete.

Nonetheless, no one technology is expect-
ed to dominate the optical storage industry
in the next century. “The demand for storage
is so enormous that having a number of play-
ers, each providing a different type of tech-

nology solution, will only increase the     mar-
ket, and is an indication of how important
this market really is,” says Lambertus
Hesselink, Optitek’s founder and a professor
of applied physics at Stanford University. “I
think there will be a need for all of these
technologies in the future.”
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