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Technological
impact of magnetic
hard disk drives

on storage systems

Magnetic hard disk drives have undergone
vast technological improvements since their
introduction as storage devices over 45 years
ago, and these improvements have had a
marked influence on how disk drives are
applied and what they can do. Areal density
increases have exceeded the traditional
semiconductor development trajectory and
have yielded higher-capacity, higher-
performance, and smaller-form-factor disk
drives, enabling desktop and mobile
computers to store multi-gigabytes of data
easily. Server systems containing large
numbers of drives have achieved unparalleled
reliability, performance, and storage capacity.
All of these characteristics have been
achieved at rapidly declining disk costs. This
paper relates advances in disk drives to
corresponding trends in storage systems and
projects where these trends may lead in the
future.

Magnetic hard disk drives are used as the primary
storage device for a wide range of applications, in-
cluding desktop, mobile, and server systems. In 2002,
nearly 200 million disk drives were manufactured
worldwide, ' with the total capacity to store more than
10" bytes.

Since the first disk drive was introduced in 1956,
drives have undergone a rapid evolution, thanks to
the application of new magnetic, electronic, and me-
chanical technologies. These developments have
yielded storage devices with very significant capac-
ity and performance increases. Early disk drives were
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specialized and very expensive, whereas today’s
drives are nearly commodity items and are univer-
sally available. Although the fundamental architec-
ture of disk drives has changed very little in the years
since their introduction, the geometric size of drives
has been reduced almost to the point of micro-min-
iaturization, and these smaller sizes have resulted in
storage system characteristics that offer new hori-
zons in data retention and availability. The trends
characterizing storage systems in which large num-
bers of drives participate as a single storage unit have
followed the evolutionary behavior of their princi-
pal component, the hard disk drive (HDD). Storage
system characteristics are also influenced somewhat
by components other than disk drives, including
DRAM (dynamic random-access memory) caches and
buffers, cooling systems, frames and cases, and sys-
tem software.

Areal/volumetric densities

Areal density, a traditional measurement for disk
drives, determines capacity, internal (media) data
rate, and ultimately price per unit of capacity.? Fig-
ure 1 shows the areal density improvement for hard
disk drives since 1956. Significant trend changes have
occurred when new technologies have been adopted,
so that today’s CGR (compound growth rate) is es-
sentially 100 percent or doubling every year, and a
35-million-times increase in this parameter has been
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