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Ten billion bits on a disk

High-power laser diodes and pregrooved disks enable
low-cost digital data recording and retrieval

Compact, high-power laser diode systems should make
optical-disk recorders attractive for general office use.
Their price/performance ratio will make possible such
devices as electronic filing cabinets for electronic mail. For
these applications, they have advantages over recently an-
nounced optical-disk recorders that employ high-power gas
lasers and external modulators. Such recorders of digital in-
formation are relatively bulky and expensive and are mainly
applicable for mass-storage systems.

But high-power AlGaAs laser diodes, for example, have
the dual benefits of small size and inherent direct-current
modulation capability. External electro-optic or acousto-
optic modulators are not needed. In addition the use of
pregrooved disks simplifies considerably the system
mechanics.

A compact optical disk system being developed by
Philips—an offshoot of optical video-disk tech-
nology—uses high-power AlGaAs laser diodes. The
recorder resembles strongly in concept consumer optical
video-disk and audio-disk players. It gives random-access
times, both in recording and in reading, similar to those ob-
tained with present magnetic disks. Information capacities
of over 10" bits per 30-cm disk have been achieved, with a
mean access time of 70 ms and recording bit rates of 10
Mb/s. Raw bit error rates between 10~* and 10~ have been
measured.

Laser both records and reads

The AlGaAs laser diode in this recording system is used
for both recording and reading. The laser has a wavelength
of 820 nm; it is a double-heterostructure type with a 5-um-
wide stripe defined by proton bombardment. The laser
operates in the fundamental transverse mode with an ellip-
tical Gaussian beam profile. Typical values for the beam
divergence are 50° full width, half maximum (FWHM)
perpendicular to the plane and 25° FWHM in the plane of
the junction.

The laser’s output power vs. drive current is shown in
Fig. 1.

Recording materials have been discussed at length in
previous articles. In principle, many materials and
phenomena can be used for optical recording. If the
material has any property that can be changed by absorp-
tion of laser irradiation—and can be observed opticaily—it
is of great interest.

The sensitive recording material (tellurium-based
semimetals) in the Philips recorder is of the relatively simple
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pit-formation type. With these one-layer systems, the recor-
ding power can be sufficiently low to meet the requirements
set by the use of a laser diode. With a throughput of 35 per-
cent of the optical system, power levels between 10 and 20
mW in the spot are obtained for pulse lengths of 50 ns.

Pregrooving for simplicity

Having selected a good laser diode and recording
material, one can construct a compact optical recorder. To
avoid the use of high-precision mechanics in the recorder,
Philips developed a pregrooving disk concept.

Conventional recording requires accurate and heavy
mechanics to control both the rotational speed of the disk
and the translation of the optics relative to the disk during
recording of information. Such systems are used as optical
recorders and also as mastering machines for producing
photoresist masters for video disks. By using elec-
tromechanical actuators, the optical reading units in
players can track on the information formed by a relief pat-
tern. The reading spot is kept on the groove within an ac-
curacy of 0.1 um by a radial servo system.

With a pregrooved recording disk containing a
continuous-spiral groove with a pitch of 1.67 um, the servo
system controls thé radial tracking of the optical recording

An operational diode laser recorder used for the recording
and reading of data. The relatively small size of the system
is apparent. Specifications are: outer useful radius, 14 cm;
inner useful radius, 7 ecm; track pitch, 1.67 e¢m; number of
tracks, 46.6; number of sectors per track, 128; error-
correction efficiency, 81 percent; number of user data bits
on one side, 6.8 x 10% revolution speed, 2.5 Hz; user bit
rate, 366 kb/s; rewrite rate, less than 0.1 percent; bandwidth
tracking servo, 1 kHz; bandwidth focusing servo, 1.5 kHz;
and mean access time, 250 ms.
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