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SOLID-STATE MASS MEMORY STORAGE
DEVICE

FIELD OF THE INVENTION

The present disclosure relates to a solid-state mass
memory storage device. More particularly, the disclosure
relates to a semiconductor mass memory storage device
suitable for disk drive replacement.

BACKGROUND OF THE INVENTION

As the volume of data generated by computing devices
increases, the importance of memory space rises. Over the
past several years, increases in demand for memory has
caused a concomitant increase in the capacity of mass
memory storage devices. Conventionally, these mass
memory storage devices comprise rotating mass storage
devices such as disk drives. Although great strides have been
made in disk drive design in terms of capacity and speed, the
versatility of conventional disk drives is limited. As a first
matter, disk drive technology could soon reach a limit
imposed by the superparamagnetic effect (SPE). As is
known in the art, SPE is a physical phenomenon in which the
energy that holds the magnetic spin in the atoms forming
each bit becomes susceptible to ambient thermal energy and,
therefore, is subject to random flipping which corrupts the
data which the atoms represent. Unfortunately, the minia-
turization currently popular in disk drive manufacture exac-
erbates the SPE problem.

A second limitation of disk drives relates to speed.
Because disk drives require moving parts, the speed at which
data can be stored on or accessed from the drive is limited
by the speed with which the various mechanical parts of the
drive can move. To increase this speed, manufacturers have
continually increased the speeds at which the internal disks
of the drives rotate. However, along with this increased
angular velocity comes increased air turbulence and vibra-
tion which can cause misregistration of the disk tracks. In
addition, to achieve high capacity and high speed, disk
drives must be very precise in operation. Typically, disk
drives comprise one or more disk platters and a plurality of
read-write heads which record and retrieve data from cir-
cumferential tracks formed in the platters. The heads are
normally moved with servomechanical actuator arms. In
order to properly satisfy their record/write functions, the
heads must be positioned in very close proximity to the
platters, the separation between the heads and the platters
typically measuring only fractions of microinches. This
level of precision often results in a very fragile mechanism
that can be easily damaged by moderate to large vibrations.
Such susceptibility is particularly disadvantageous for por-
table computing devices which are often bumped and/or
jolted through normal use.

In addition to fragility, disk drives further present the
disadvantage of requiring relatively large amounts of power
to operate. This again relates to the fact that disk drives have
moving parts which require electrical power. Although not a
major concern for plug-in devices such as desktop
computers, this power consumption can be problematic for
portable devices.

Yet another disadvantage of conventional disk drives is
the physical space normally required to house the drives.
Again, space constraints normally are not critical for desk-
top devices. However, space typically is at a premium in
portable devices where smaller is often considered better.
Due to such space limitations, portable devices typically do
not enjoy the redundancy possible with stationary devices
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such as conventional network servers. As is known in the art,
such stationary devices normally include a redundant array
of inexpensive disks (RAID) which share the data stored in
the disk drive. With this arrangement, a failure of a particular
disk will not necessarily adversely effect the data stored by
the drive in that the data normally can be reconstructed due
to the redundancy of the data stored across the several disks.
Typically, the desired level of redundancy, e.g. RAID 5
protection, requires a minimum of three disks. Due to the
space limitations of portable devices such as notebook
computers, however, normally only one such disk is pro-
vided. Accordingly, the desired redundancy typically cannot
be provided for such devices.

From the foregoing, it can be appreciated that it would be
desirable to have a high capacity, high speed, mass memory
storage device which uses relatively little power, which is
relatively rugged in construction, and which provides for
data storage redundancy.

SUMMARY OF THE INVENTION

The present disclosure relates to a solid-state mass
memory storage device. The solid-state mass memory
device comprises a printed circuit assembly and a plurality
of nonvolatile, high density storage devices mounted to the
printed circuit assembly and electrically connected thereto.
The solid-state memory device includes at least one con-
troller mounted to the printed circuit assembly and electri-
cally connected thereto, and a connector mounted to the
printed circuit assembly and electrically connected thereto,
the connector being adapted to electrically connect the
solid-state mass memory storage device to a separate elec-
tronic device.

In one embodiment, the printed circuit assembly has a
form factor equivalent to a conventional disk drive and the
at least one controller includes control electronics and
firmware which emulate a disk drive such that the device in
which said solid-state mass memory storage device will
interpret and treat the solid-state mass memory storage
device as a disk drive. With such an arrangement, the
solid-state mass memory device can be used as a disk drive
replacement.

In another embodiment, the high density storage devices
are removably mounted in storage device sockets formed in
said printed circuit assembly in a redundant array.

The features and advantages of the invention will become
apparent upon reading the following specification, when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be better understood with reference to
the following drawings. The components in the drawings are
not necessarily to scale, emphasis instead being placed upon
clearly illustrating the principles of the present invention.

FIG. 1 is a perspective view of a mass memory storage
device constructed in accordance with the principles of the
present invention.

FIG. 2 is a perspective view of an alternative mass
memory storage device constructed in accordance with the
principles of the present invention

FIG. 3 is a schematic view of the architecture of the mass
memory storage device shown in FIG. 1.

FIGS. 4A—4C are various views of an high density storage
device which can be used with the mass memory storage
devices shown in FIGS. 1 and 2.

FIG. 5 is a schematic view illustrating field emitters
reading from storage areas of the high density storage device
shown in FIGS. 4A-4C.
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FIG. 6 is a schematic view illustrating a storage medium
of the high density storage device shown in FIGS. 4-5.

FIG. 7 is a perspective view illustrating a first alternative
high density storage device which can be used with the mass
memory storage devices shown in FIGS. 1 and 2.

FIG. 8 is a perspective detail view illustrating the con-
struction of the first alternative high density storage device
shown in FIG. 7.

FIG. 9 is a perspective view illustrating a second alter-
native high density storage device which can be used with
the mass memory storage devices shown in FIGS. 1 and 2.

FIG. 10 is a perspective detail view illustrating the
construction of the second alternative high density storage
device shown in FIG. 9.

DETAILED DESCRIPTION

Referring now in more detail to the drawings, in which
like numerals indicate corresponding parts throughout the
several views, FIG. 1 illustrates a mass memory storage
device 10 constructed in accordance with the principles of
the present invention. As shown in this figure, the mass
memory storage device 10 can generally comprise a printed
circuit assembly (PCA) 12. Connected to the PCA 12 is a
plurality of high density storage devices 14 which are
described in greater detail below. Preferably, however, each
of the high density storage devices 14 comprises a non-
volatile semiconductor device which is resistant to wearout.
Normally, each of the high density storage devices 14 is
disposed within a storage device socket 15 formed within
the PCA 12 such that each individual high density storage
device 14 can be removed and replaced, if necessary. Further
connected to the PCA 12 is one or more controllers 16. As
illustrated in FIG. 1, each controller 16 typically comprises
a semiconductor chip which can be electrically connected to
the PCA with a plurality of connectors 18. By way of
example, the controller 16 can comprise an integrated circuit
including a read only memory (ROM) for storing control
instructions, a microprocessor for executing these
instructions, and a random access memory (RAM) for
temporary storage of information. As will be appreciated
from the description that follows, the controller 16 can also
comprise other circuitry and software with which the con-
troller 16 interfaces with the storage devices 14 and the
device 10 host (e.g., personal computer) to ensure a prede-
termined level of storage redundancy. Also connected to the
PCA 12 is a connector 20 which, as indicated in FIG. 1, can
be attached to the PCA 12 at one of its ends.

As identified in the foregoing, the mass memory storage
device 10 is well-suited for replacing conventional disk
drives in various computing devices. Accordingly, the mass
memory storage device 10 typically has a form factor
suitable for replacement of a disk drive such that the device
10 can be housed in the space in which the disk drive was
housed previous to removal. By way of example, the mass
memory storage device 10 can have a 3.5 inch, 2.5 inch, 1.8
inch, or 1.0 inch form factor. Although these particular sizes
are currently considered standard and therefore desirable, it
will be understood by persons having ordinary skill in the art
that the mass memory storage device 10 could be sized and
configured to replace substantially any disk drive.
Additionally, the mass memory storage device 10 can be
customized to fit in other specific applications such as
handheld computing devices and mobile telephones. In such
applications, the device 10 can be designed to fit in industry
standard sizes (e.g., standard memory card formats as indi-
cated in FIG. 2). FIG. 2 illustrates a mass memory storage
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device 10' in exploded view. As with the storage device 10,
the storage device 10' includes a printed circuit assembly
12', a plurality of high density storage devices 14, and a
connector 20'. Furthermore, the device comprises an internal
frame 28 and outer plates 30 which enclose the device 10'.

With reference to FIG. 3, illustrated is an example archi-
tecture of the mass memory storage device 10. As indicated
in this figure, each of the high density storage devices 14 is
connected to a memory bus 22 which is formed within the
PCA 12 (FIG. 1). As is further indicated in FIG. 3, the
controller(s) 16 can comprise control electronics 24 and
firmware 26. Although the mass memory storage device 10
of the present invention is suitable for placement in new
computing devices, the mass memory storage device 10 is
particularly well-suited for replacement of disk drives in
existing devices. To serve this end, therefore, the control
electronics 24 and firmware 26 stored within the controller
(s) 16 can emulate the disk drive that the storage device 10
is designed to replace such that the computing device would
interpret and treat the mass memory storage device 10 as the
preexisting disk drive. In such an arrangement, the comput-
ing device can be manufactured with a disk drive which can
later be replaced with the mass memory storage device 10 of
the present invention as an upgrade. Normally, all com-
mands and/or data processed by the mass memory storage
device 10 pass through the controller(s) 16.

Normally a plurality of high density storage devices 14
are connected to the PCA 12 in an array. With such an
arrangement, the mass memory storage device 10 can pro-
vide for redundant storage of data similar to RAID protec-
tion. Accordingly, just as in RAID arrangements, a defective
device, such as a single high density storage device 14, can
be removed from its socket 15 and replaced with a properly
functioning high density storage device 14 such that the data
previously stored by the defective high density storage
device 14 can be reconstructed in the conventional manner.
By way of example, a high degree of redundancy is provided
such as a level of redundancy equivalent to RAID 5 pro-
tection can be achieved, although it will be understood that
other levels of protection can be provided. Accordingly, the
mass memory storage device 10 of the present invention can
be used to provide the level of storage redundancy previ-
ously available only from a plurality of disks in a limited
amount of space. Therefore, such redundancy can be pro-
vided to portable computing devices such as notebook
computers.

In addition to the storage redundancy available with the
mass memory storage device 10, several other advantages
over conventional disk drives exist. For instance, in that the
mass memory storage device 10 does not comprise large
moving parts, it can be used to restore and retrieve data
much more quickly than with conventional disk drives.
Furthermore, substantially reduced power consumption and
greater resistance to physical damage is provided.
Accordingly, the mass memory storage device 10 is particu-
larly well-suited for use in portable devices which operate
under battery power and which are transported from place to
place. Moreover, the mass memory storage device 10 of the
present invention can provide a substantially larger capacity
of data storage than can conventional disk drives. As the
following discussion elucidates, this increased capacity is
made possible due to the high density storage devices 14.

FIGS. 4-6 illustrate a preferred embodiment of an high
density storage device 14 suitable for implementation with
the mass memory storage device 10 of the present invention
which uses atomic resolution storage (ARS). The storage
device 14 shown in these figures is disclosed and described












