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TAPE CARTRIDGE LOADER ASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application Ser. No. 60/516,543, filed Oct. 31,
2003, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to a taped-
based data storage system, and, in particular, to an auto-
mated tape loader and tape drive for data back up.

[0004] 2. Description of the Related Art

[0005] Computer systems and computer based systems
require data storage systems for storage of the computer
data. To insure against loss of the data, data archiving
systems have been developed. A common data archiving
system includes one or more tape drives which utilize
removable tape cartridges for recording and playback of the
computer data. The tape cartridges have the benefit of large
storage capacity and the ability to change cartridges to
extend the storage capacity to a virtually infinite amount.
However, manually operated tape drives require the pres-
ence of skilled personnel to exchange the tapes on a regular
schedule.

[0006] So-called autoloaders have been developed which
automate the exchange of the tape cartridges into and out of
the tape drives. These autoloaders move tapes generally one
at a time from storage magazines, which hold a number and
store of tape cartridges, to the tape drive and, upon comple-
tion of recording and/or playback from the tape drive, back
to a storage location in the storage magazine. These auto-
loaders are generally connected into a computer system or
computer network and are provided with an appropriate
number of tape cartridges in the storage magazines. Auto-
loaders having a single drive record the data onto tapes one
at a time in the drives. Autoloaders systems having multiple
tape drives permit data to be provided to the multiple drives
simultaneously or nearly simultaneously, thereby reducing
the data backup time.

[0007] However, tape backup systems still suffer from the
disadvantage that the transfer rate for the data to the tape
cartridge or from the tape cartridge is limited compared to
the transfer rate of data within most other components in the
computer system or network. The result is that data backup
and/or data archiving generally must be performed during
downtimes for the computer system. For example, for a
business that shuts down each day, the data backup is
generally performed while the business is shut down. How-
ever, many businesses operate on a 24 hour schedule so that
there is no ideal time for performing data backup. Even for
those businesses which perform the data backup for the
computer system during the hours when the business is shut
down, failure of the computer system during working hours
may result in the loss of some or all of a day’s data since the
failure may result in a complete loss of data since the last
backup.

[0008] 1t would be a benefit if a data archiving system
were provided which possesses enough speed to perform the
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backup during the full operation of the computer system or
network. It would also be an advantage if a data archiving
system were provided with a high data transfer rate and a
small backup window.

SUMMARY OF THE INVENTION

[0009] The present invention provides a data backup and/
or archiving system having one or more hard disks in the
data archiving apparatus with one or more tape drives and an
autoloader for loading tape cartridges into the tape drives.
By transfer of the data to the hard disks and then transfer of
the data from the hard disks to the tape or visa versa, the data
transfer rate is increased significantly over that of a tape
loader and tape drive alone. As such, the backup window
possible with the present tape loader is significantly reduced.
The present tape loader with one or more internal hard disks
maintains the benefits of tape backup while simultaneously
providing the benefits of hard disk data backup.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1is a perspective view showing an autoloader
of the present invention with its housing removed and
including an automated loading tape apparatus for a tape
drive as well as an internal hard disk within the autoloader
unit according to the principles of the present invention;

[0011] FIG. 2 is a back perspective view of the autoloader
apparatus of FIG. 1 showing the space available for pro-
viding a hard disk; and

[0012] FIG. 3 is a back perspective view of the apparatus
shown in FIG. 2 but including a hard disk inserted into the
hard disk space.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0013] With reference to FIG. 1, an autoloader 10 includes
a frame 12 which is normally encased within a housing 11
(as shown in dotted outline). On the frame 12 is provided a
tape drive 14 for recording data onto and reading data from
tape cartridges. The tape drive 14 is connected by a host
cable 16 to a computer system or computer network so that
the data of a computer system or computer network may be
transferred over the host cable 16 to and from the tape drive
14. The autoloader 10 also includes, in the illustrated
example, a pair of tape storage magazines 18 and 20 which
each have a plurality of storage slots in which tape cartridges
22 are stored. In the illustration, each of the tape storage
magazines 18 and 20 hold eight cartridges 22 in two rows of
four each. Other arrangements of tape storage magazines are
of course encompassed within the scope of the present
invention including the provision of only one tape storage
magazine or more than two tape storage magazines. It is of
course within the scope of this invention that tape storage
magazines having different numbers and arrangements of
storage slots may also be provided including tape storage
magazines having only a single row of slots or tape storage
magazines having three or more rows.

[0014] The two tape storage magazines 18 or 20 are
mounted on the frame 12 with a transfer space 24 defined
therebetween. In the transfer space 24 is mounted a robotic
cartridge shuttle apparatus 26. The cartridge shuttle 26 is
automatically operable to move within the transfer space 24
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so as to access each one of the tape cartridges individually
in the two tape storage magazines and transfer each one of
the tape cartridges in turn to the tape drive 24. The cartridge
shuttle 26 also removes the tape cartridges 22 from the tape
drive 14 and transfers the tape cartridges back to a storage
slot in the tape storage magazines 18 or 20. The cartridge
shuttle 26 moves linearly within the transfer space 24 and,
in a preferred embodiment, rotates the tape cartridges 22 to
reorient the cartridges 22 for mounting in the tape drive 14
and for storage in the storage slots of the storage magazines
18 and 20. The cartridge shuttle 26 also includes a vertical
elevator mechanism for access to the storage slots disposed
vertically above one another in the tape storage magazines
18 and 20. Other arrangements of tape cartridge shuttles and
cartridge transfer mechanisms are also encompassed within
the scope of the present invention, the illustrated example
being only for purposes of explanation in understanding the
scope of this invention.

[0015] The tape storage magazines 18 and 20 are each
preferably removable from the frame 12 at front portions 28
and 30, respectively, such as by opening an access door in
the housing (not shown) or by the storage magazines includ-
ing a position of the front panel of the housing. In this way,
the tape storage magazines 18 and 20 may be removed from
the autoloader apparatus, tapes mounted therein or
exchanged for other tapes, and the storage magazines 18 and
20 returned to their positions on the frame 12 for continued
operation of the autoloader apparatus 10. Thus, the present
autoloader has a large data storage capacity since it has a
number of tape cartridges provided therein and an even
greater number that can be provided. The ability to exchange
the tape cartridges within the autoloader extends the storage
capacity of the present apparatus by many times. It is
foreseeable that the tape storage magazines 18 and 20 may
be exchangeable for other already filled tape storage maga-
zines to increase the ease of use and storage capacity even
more.

[0016] The autoloader 10 of the illustrated example
includes a front panel display 32 which provides status
information to the user and operational controls for opera-
tion of the automated data archiving system. In addition to,
or instead of the front panel display 32, a mail slot may be
provided for transfer for tapes one at a time into and out of
the autoloader apparatus without requiring removal of the
entire tape storage magazines 18 or 20. The primary control
of the autoloader is via firmware and/or software, for
example, through a user interface running on the computer
system or network to which the autoloader is connected.

[0017] In the present autoloader 10, a power supply 34 is
provided at the back along side the tape drive 14. The power
supply 34 is connected to line power and/or to a battery
backup system and provides operating power to the devices
within the autoloader apparatus. Adjacent the power supply
34 is included a motor 36 which moves the cartridge shuttle
26 within the transfer space 24. Other motors and drive
assemblies are provided for affecting movement of the
cartridge shuttle 26, as will be appreciated by those of skill
in this art.

[0018] In the space on the frame 12 at the opposite side of
the tape drive 14 is provided one or more printed circuit
boards 38. The printed circuit board 38 includes the drive
and control circuitry for operation of the tape drive 14,
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motor 36, cartridge shuttle 26 and other operational ele-
ments of the present autoloader 10, for example, using the
operating software. The printed circuit board 38, or another
printed circuit board which is separate therefrom, controls
the data transfer from the computer or computer network to
which the present autoloader is connected for data archiving
and backup. It is, of course, possible that the printed circuit
boards 38 may be replaced by other circuit designs which
perform the functions thereof.

[0019] Turning now to FIG. 2, the autoloader 10 is shown
in a back view with a cover removed. The tape storage
magazines 18 and 20 are provided on either side of the
cartridge shuttle 26 for feeding the tape cartridges 22 to the
tape drive 14. The motor 36 moves the cartridge shuttle 26
within the transfer space 24, as described above. As shown
in further detail, the frame 12 includes transverse walls 40
and 42 which separate the cartridge storage magazines 18
and 20 from the printed circuit board area 38 and power
supply area 34, respectively. The transverse walls 40 and 42
connect to longitudinal wall portions 44 and 46 between
which is mounted the tape drive 14. In particular, support
bracket elements 48 and 50 are provided between the
longitudinal wall portions 44 and 46 and engage the opposite
sides of the tape drive 14 to hold the tape drive 14 in place
in a predetermined position so that the cartridge shuttle 26
may reliably transfer the tape cartridges 22 from and to the
tape drive 14.

[0020] The support brackets 48 and 50 raise the tape drive
14 above the frame 12 so as to define a space 52 between the
tape drive 14 and the frame 12. This space 52 is shaped to
accept a computer hard disk. For instance, the space 52 may
be of a size corresponding to one of the standard form
factors for computer hard disks, such as a 5.25 inch form
factor, 3.5 inch form factor or 2.5 inch form factor. Other
form factors are also encompassed within the present inven-
tion, including PC cards, compact flash cards and other hard
drive sizes.

[0021] The illustrated autoloader includes a space for
mounting a single hard disk. However, it is envisioned that
spaces may be provided within the autoloader apparatus for
two or more hard disks. In such cases, the multiple hard
disks may be used to expand the hard disk storage capacity,
provide added reliability and/or provide additional back up
speed.

[0022] Also visible in FIG. 2 is the tape drive cable 54
which connects between the tape drive 14 and the printed
circuit boards 38. The operation and control of the tape drive
14 is carried out through data carried via the tape drive cable
54.

[0023] 1In FIG. 3, the hard disk space 52 has been filled by
a hard disk 56. Preferably, the hard disk 56 is mounted to the
mounting portions 48 and 50 between the longitudinal wall
portions 44 and 46. The hard disk 56 is connected to the
printed circuit board 38 by a hard disk cable 58. Both the
hard disk cable 58 and tape drive cable 54 are formed of
ribbon cable and thereby provide both control and data
transfer paths for operation of the respective devices and
data transfer there between. A power supply connection is
also made to the hard disk 56 from the power supply for the
present device. Other cable types and connections are also
encompassed within the present invention.

[0024] In the illustrated embodiment, the hard disk cable
58 is connected to a different portion of the printed circuit
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board than the tape drive cable 54. This different portion
may be a separate printed circuit board or other controller
unit or may be different portions of the same printed circuit
board or controller unit.

[0025] Instead of the ribbon cable 58, the hard disk may be
connected to a fixed data and control connection to provide
for hot swapping of the hard disk 56 into and out of the
autoloader apparatus 10. To facilitate such hot swapping, the
housing 11 may include an access opening or access door to
the hard disk slot or slots.

[0026] The printed circuit board 38 of the preferred
embodiment runs according to the SCSI (Small Computer
System Interface) standard. The data flow path is from
and/or to the external host computer or network to the
internal controller on the printed circuit board 38 and then to
either the tape drive 14 or hard disk 56, or both. By
transferring the data from the computer or computer network
to the hard disk, the data transfer rate is increased and thus
the time for effecting the transfer of the data to the archiving
system is decreased. Preferably, the backup time is
decreased sufficiently that the computer or network may be
backed up while in full operation without a noticeable
decrease in operating performance. The archived data, once
on the hard disk 56, may be transferred internally within the
autoloader apparatus to the tape cartridges through the tape
drive 14. In systems requiring a higher capacity of data
archiving capability, two or more hard disks may be pro-
vided in the autoloader apparatus in addition to the tape
drive 14. It is also foreseeable that two or more tape drives
may be provided in the system.

[0027] The hard disks can be installed into the back of the
loader in any free slots by the user or may be provided
already fixed in place as a pre-mounted drive in the loader
when the device is supplied to the end user. The hard disks
are connected to the autoloader interface by swap connectors
or by a cable or by other means. In a backup situation, the
data can first be transferred to the hard disks as a cache
memory device prior to transfer of the data to tape car-
tridges.

[0028] The exemplary autoloader includes three dedicated
areas within the autoloader housing; a power area, a storage
engine area, and an external interface and printed circuit
board area. The configuration of the present autoloader is in
a standard form factor such as a 2 U form factor which fits
into standard computer mounting racks. Other form factors,
such as a1l U, 3 U or 4 U form factor, are also envisioned.

[0029] By removing that hard disk from the autoloader,
the autoloader may be used as a standard tape cartridge
autoloader having only one or more tape drives. By mount-
ing one or more hard disks into the device, the autoloader
may be configured to cache the data being transferred
between the tape cartridges and the host computer system or
network onto the hard disks. Configuration of the hard disks
by mounting in the present autoloader is a simple operation
which can easily be done by an operator of a standard
computer system. This is accomplished by mounting the
hard disks in the dedicated hard disk slot of the present
autoloader. In the illustrated example, the dedicated hard
disk slot is underneath the tape drive, although other loca-
tions may be provided. The connection of the hard disk to
the printed circuit board for control and data transfer is also
readily accomplished by an operator of a standard computer
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system. Any number of hard disks and tape drive may be
provided in combination in the autoloader.

[0030] Thus, there is shown and described a tape cartridge
autoloader apparatus having a hard disk provided internally
of the autoloader device. Enhanced transfer rates are pro-
vided between the autoloader and/or data backup library and
the host computer or network. The backup window for
effecting a backup of the data on the computer or network is
minimize. The backup of the data may be done at a time
which is convenient for the user, such as by copying the data
onto the internal hard drive of the autoloader and then
copying the data from the cache on the hard disk to the tape
cartridges. The present hard disk can also be configured to
hold the most recently used files of a user or to mirror the
tape cartridge data. It is also foreseeable to configure the
hard disk as an internal RAID (Redundant Array of Inex-
pensive Disks) system.

[0031] References to a hard disk in the present application
encompass various hard disk configurations and are not
limited to the various interface types, capacities or form
factors. Most hard disk units which are commercially avail-
able include a plurality of physical hard disks platters within
a single hard disk unit. The preferred embodiment of the
present invention envisions use of standard, readily avail-
able hard disk units having plural hard disk platters mounted
within a housing.

[0032] Although other modifications and changes may be
suggested by those skilled in the art, it is the intention of the
inventors to embody within the patent warranted hereon all
changes and modifications as reasonably and properly come
within the scope of their contribution to the art.

I claim:
1. An apparatus for data archiving, comprising:

a housing;

at least one cartridge storage magazine mounted within
said housing, said at least one cartridge storage maga-
zine having a plurality of cartridge storage locations
adapted for holding data tape cartridges;

at least one tape drive mounted within said housing and
operable to receive a data tape cartridge for data
transfer between said at least one tape drive and the
data tape cartridge;

a cartridge shuttle mounted within said housing and
operable to transfer data tape cartridges from ones of
said storage slots in said at least one storage magazine
and said at least one tape drive; and

at least one hard disk mounted in said housing and
connected for data transfer between said at least one
hard disk and said at least one tape drive.

2. An apparatus as claimed in claim 1, further comprising:

mounting portions within said housing defining a mount-

ing location for said at least one hard disk.

3. An apparatus as claimed in claim 2, wherein said
mounting portions are configured for selective removal of
said at least one hard disk from said housing.

4. An apparatus as claimed in claim 1, further comprising:

a hard disk interface mounted in said housing and con-
nected to said at least one hard disk for control thereof
and data transfer therebetween.
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5. An apparatus as claimed in claim 4, further comprising:

a tape drive interface mounted within said housing, said
tape drive interface being separate from said hard disk
interface; and

a data connection between said tape drive interface and
said hard disk interface.
6. A method for data archiving, comprising the steps of:

transferring data from a computer system or computer
network to a hard disk in a data backup device;

loading a tape cartridge from a cartridge storage magazine
within said data backup device to a tape drive within
said data backup device using an automated cartridge
shuttle mounted and movable within said data backup
device;
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transferring data from said hard disk within said data
backup device to said tape cartridge in said tape drive;

unloading said tape cartridge from said tape drive and
returning said tape cartridge to said cartridge storage
magazine using said automated cartridge shuttle;

loading a further tape cartridge into said tape drive using
said cartridge shuttle; and

transferring additional data from said hard disk to said
further tape cartridge in said tape drive.
7. Amethod as claimed in claim 6, further comprising the
step of:

keeping a copy of the data transferred to the tape car-
tridges on the hard disk as a duplicate data copy.
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