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(57) Abréege/Abstract:
A RAID controller integrated into a single chip (100). The RAID controller chip (100) includes a general purpose RISC processor

(121), memory Interface logic (128), a host CPU PCI bus (150), at least one back-end |/O interface channel (130), at least one
direct memory access (DMA) channel (122), and a RAID parity assist (RPA) circuit (126). The RAID chip enables higher
iIntegration of RAID functions within a printed circuit board and in particular enables RAID function integration directly on a
personal computer or workstation motherboard. The back-end |/O interface channel is preferably dual SCSI channels. The RAID
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(57) Abréege(suite)/Abstract(continued):

chip Is operable in either of two modes. In a first mode, the chip provides pass through from the host CPU (102) interface directly
to the dual SCSI| channels (130). This first mode of operation, a SCSI pass-through mode, allows use of the chip for non-RAID
storage applications and enables low level manipulation of the disk array in RAID applications of the chip. The first mode of
operation permits use of the chip without change to host applications and drivers. Rather, the chip Is operable In a manner
compatible with known available SCSI controller devices. The second mode of operation, a RAID control mode, provides full
RAID management features to the attached host CPU. In the preferred embodiment, the RAID chip presents an Intelligent [/O
(120) Interface to the host CPU to enhance portability and performance of the host/RAID interaction.
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(87) Abstract

A RAID controller
integrated into a single chip
(100). The RAID controller
chip (100) includes a general
purpose RISC processor (121),
memory interface logic (128),
a host CPU PCI bus (150),
at least one back-end VO
interface channel (130), at
least one direct memory access
(DMA) channel (122), and
a RAID parity assist (RPA)
circuit (126). The RAID chip
enables  higher integration
of RAID functions within
a printed circuit board and
in particular enables RAID
function integration directly
on a personal computer or
workstation motherboard.
The back-end I/O interface
channel is preferably dual
SCSI channels. The RAID
chip is operable in either of
two modes. In a first mode,
the chip provides pass through
from the host CPU (102) interface directly to the dual SCSI channels (130). This first mode of operation, a SCSI pass—through mode,
allows use of the chip for non-RAID storage applications and enables low level manipulation of the disk array in RAID applications of
the chip. The first mode of operation permits use of the chip without change to host applications and drivers. Rather, the chip is operable
in a manner compatible with known available SCSI controller devices. The second mode of operation, a RAID control mode, provides
full RAID management features to the attached host CPU. In the preferred embodiment, the RAID chip presents an Intelligent /O (I120)
interface to the host CPU to enhance portability and performance of the host/RAID interaction.
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INTEGRATED SINGLE CHIP DUAL MODE RAID CONTROLLER

1. Field of the Invention

The present invention relates generally to RAID storage controllers and
In particular to a single chip integrated circuit which provides full RAID

functionality along with a substantial decrease in complexity and associated

costs.

2. Discussion of Related Art

RAID storage subsystems are known to provide high storage capacity,
fast storage access, and highly reliable operation. In general, RAID
subsystems comprise an array of inexpensive disk drives operated by a RAID
controller which presents the array to attached host systems as though
operating as a single large, fast, reliable single disk drive. The RAID
controller maps requests from attached host systems into appropriate
requests to the array of disk drives.

Many current RAID controllers implement various, if not all, of the
presently popular RAID architectures. Referred to as RAID levels 0 through
o, each RAID architecture utilizes the array of disk drives in a manner to
provide enhanced performance and reliability. The various RAID levels
correspond to varying geometries in the configuration of the disk drives of the
disk array. For example, a simple RAID 1 configuration calls for exact
mirroring of the contents of a first disk drive on a parallel or mirrored second
drive. This architecture does not affect performance of the subsystem in any
appreciable manner but does enhance reliability of the data storage. RAID
level 5 by contrast entails a more complex mapping of the data on the disk
array. Host' supplied data is distributed over a plurality of drives in the disk
array. This feature diminishes subsystem reliability but enhances
performance by utilizing parallel transfers of data over multiple 1/0 channels
to multiple disk drives. To restore required reliability, RAID level 5 uses

redundancy information stored on another drive in the disk array. The
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redundancy information is used to recover lost data in case of failure of one of

the disk drives in the disk array.

Addition of the redundancy (e.g., parity) data to recover reliability

imposes a performance cost on the RAID controller by requiring the update of

5 redundancy (e.g., parity) information in response to updates of the associated

data. To reduce the negative performance Impact of this well known RAID

write penalty, most RAID controllers utilize significant amounts of cache

memory to buffer write operations and thereby reduce the perceived
performance impact of maintaining redundancy information.

10 As RAID features have evolved and performance demands have
increased, RAID controllers have grown into large, complex, and hence costly
devices. Typical RAID controllers comprise a printed circuit board with a
general purpose processor, RAM and ROM devices for storage of operating
code and variables, and /O interface controllers for connection to attached

15 hosts systems and connected disk drives. High performance RAID controllers
iIncrease the amount of cache memory and add custom circuits for DMA
transfers and/or parity computation assist.

It is presently common for personal computer system main boards
(e.g., motherboards) to incorporate storage controllers. Such motherboard

20  integration further reduces costs and complexity by reducing the needs for
connectors and external bus connections between the storage controller and
related motherboard devices.

As demand for high performance, high reliability RAID storage
increases, so increases the demand for lower cost RAID controlier solutions.

25 ltis evident from the above that a need exists for a simpler, lower cost RAID
controller architecture to enable lower cost and complexity associated with
high performance and high reliability storage subsystems. In particular it is
evident from the above that a need exists for a highly integrated RAID storage

controller which can be easily integrated with personal computer or

30 workstation motherboards.
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3. Summary of the invention
The present invention solves the above and other problems, thereby

advancing the state of the useful arts, by providing a highly integrated single
chip RAID controller. The RAID controller of the present invention integrates
onto a single integrated circuit a general purpose processor, at least one
back-end interface channel, a host connection interface channel, a
redundancy (e.g., parity) computation assist circuit, high performance DMA
controliers, and logic required to connect memory devices for programmed
Instruction storage, for variable storage space, and for caching of RAID
operations. The single chip RAID controller can be simply integrated onto a
personal computer or workstation motherboard to provide low cost, high
performance RAID storage control.

Specifically, the RAID controller chip of the present invention includes
a reduced instruction set computer (RISC) processor to control overall
operation of the RAID controller. Memory interfaces associated with the
RISC processor enable connection of ROM and RAM memory devices for
processor operation (e.g., program instruction and variable storage) as well
as memory for RAID caching operations. Such memory devices may be
integrated within the RAID controller chip to further reduce complexity and
cost. However, in the preferred embodiment, such memory devices remain
external to the RAID controller chip, connected via memory interface busses,
to permit flexibility in selection of memory types and sizes.

The RAID controller chip of the present invention further comprises at
least one back-end 1/O interface channel to connect the RAID chip to storage
devices controlled by the controller chip. . In the preferred embodiment, the
RAID chip includes dual SCSI interface channels to provide connection to
redundant SCSI channels and attached disk drives. More generally, the
back-end 1/O interface channel(s) may be any interface bus and/or protocol
for connecting disk drives. For example, the back-end interface channel
could be a PCI bus to which PCI compatible devices are externally attached

to the circuit of the present invention. Exemplary of such devices are PCI
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compatible SCSI control interface chips or other disk interface circuits. Such
an alternative configuration allows the disk interface connections and
protocols to be more flexibly selected but at the cost of less integration within
the circuit of the present invention.

The RAID controller chip also includes host processor interface circuits
to connect the RAID controller chip to a host CPU. In the preferred
embodiment, the host interface is a Peripheral Component Interface (PC))
bus. In addition, programmed instruction processes operable within the RISC
processor of the controller chip preferably provide an Intelligent 1/0 (120)
compatible interface between the host CPU and the RAID controller chip of
the present invention.

Additionally, the RAID controller chip of the present invention
preferably includes at least one direct memory access (DMA) channel to
permit direct manipulation of the memory associated with the chip with
minimal impact on RISC processor performance. The RAID chip may also
include a RAID parity assist (RPA) circuit to aid in the frequent computation of
parity information for RAID redundancy.

The high level of integration provided by the RAID chip of the present
invention permits a fully functional RAID controlier to be integrated within a
personal computer or workstation motherboard or otherwise integrated into a
computing system with minimal complexity and cost.

Processes operable within the RAID controller chip of the present
invention permit the chip to be operated in at least two modes in accordance
with the present invention. In a first mode of operation, the RAID controller
chip simply provides pass through access from the host interface to its dual
SCSI back-end I/O interface channels. In this mode, the RAID controller chip
serves to provide only a dual bus SCSI interface for use by the host CPU.
This mode is useful to enable use of the circuit in conjunction with host CPU
and associated applications and drivers without requiring changes thereto.
Rather, the circuit of the present invention. operable in the pass through

mode, Is seen by the host CPU as compatible with standard, commercially
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avallable disk controllers. No alterations are required of the host CPU or
software operable therein to make use of the circuit of the present invention
when operating in this compatible, pass through mode.

A second mode of operation of the RAID controller chip provides full
RAID control features for a disk array attached to the dual SCSI| channels of the
chip. The host CPU therefore interacts with a full featured RAID subsystem
connected and controlled via the RAID chip of the present invention. In one
variant of this mode of operation, the RAID controller chip provides a custom or
proprietary RAID command structure interface to the attached host CPU via the
PCl bus. In a second, preferred variant of the second mode of operation, the
RAID controller chip of the present invention presents an 120 compatible
interface to enable intelligent interfacing between the host CPU and the RAID
controller chip of the present invention.

Accordingly, in one aspect, the present invention provides a RAID
controller integrated into a single integrated circuit chip comprising:. at least
one disk interface channel for connecting said integrated circuit chip to an array
of disk drives; a host CPU interface coupled to said at least one disk interface
for connecting to a host CPU; and RAID control elements coupled to said at
least one disk interface channel and coupled to said host CPU iInterface,
wherein said RAID controller is operable in a first mode to pass through disk
operations and status between said host CPU interface and said at least one
disk interface channel, and wherein said RAID controller is alternatively
operable in a second mode to perform RAID management on behalf of said
host CPU via said host CPU interface.

In a further aspect, the present invention provides a RAID controller
integrated into a single integrated circuit chip comprising: a general purpose
processor; at least one back-end /O interface channel coupled to said general
purpose processor for connecting to an array of disk drives: a host CPU
Interface coupled to said general purpose processor for connecting to a host

CPU; and a memory interface coupled to said general purpose processor for

connecting said processor to memory devices, wherein said RAID controller is
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operable in a first mode to pass through SCSI operations and status between
said host CPU interface and said at least one SCSI disk interface channel, and
wherein said RAID controller is alternatively operable in a second mode to
perform RAID management on behalf of said host CPU via said host CPU
Interface.

It is therefore an object of the present invention to provide a single
Integrated circuit RAID controller.

It is a further object of the present invention to provide a single
integrated circuit RAID controller operable in a back-end I/O pass-through
mode.

It is a further object of the present invention to provide a single
integrated circuit RAID controller operable in a SCS| pass-through mode.

It 1s still a further object of the present invention to provide a singie
integrated circuit operable in a first mode as a RAID controller and in a second
mode as a SCSI controller.

It iIs yet a further object of the present invention to provide a single
Integrated circuit operable in a first mode as a RAID controller and in a second
mode as a multi-channel disk controller.

It is yet a further object of the present invention to provide a single
Integrated circuit operable in a first mode as a RAID controller and in a second

mode as a multi-channel SCSI controlier.
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It is another object of the present invention to provide a single
integrated circuit RAID controller which may be integrated on a personal
computer or workstation motherboard.

It is still another object of the present invention to provide a single
integrated circuit RAID controller operable in a back-end 1/O pass-through
mode and which may be integrated on a personal computer or workstation
motherboard.

It is still another object of the present invention to provide a single
integrated circuit RAID controller operable in a SCSI pass-through mode and
which may be integrated on a personal computer or workstation motherboard.

It is still yet another object of the present invention to provide a single
integrated circuit operable in a first mode as a RAID controller and in a
second mode as a multi-channel disk controller and which may be integrated
on a personal computer or workstation motherboard.

It is still yet another object of the present invention to provide a single
integrated circuit operable in a first mode as a RAID controller and in a
second mode as a multi-channel SCSI controlier and which may be integrated
on a personal computer or workstation motherboard.

The above and other objects, aspects, features, and advantages of the

present invention will become apparent from the following description and the

attached drawings.

4. Brief Description of the Drawings
FIG. 1 is a block diagram of the RAID controller chip of the present

invention depicted at a higher level which incorporates the best presently
known mode of practicing the invention as well as other embodiments:

FIG. 2 is a block diagram logically depicting the components of FIG. 1
which are essential to operate in the SCSI pass-through mode of operation:

and

FIG. 3 is a block diagram describing logical communication paths of
the RAID controller chip of FIG. 1.




10

13

20

25

30

CA 02304635 2001-07-12

-

5. Detailed Description of the Preferred Embodiments
While the invention is susceptible to various modifications and

alternative forms, a specific embodiment thereof has been shown by way of
example in the drawings and will herein be described in detail. It shouid be
understood, however, that it is not intended to limit the invention to the
particular form disclosed. but on the contrary, the invention 1s to cover all
modifications, equivalents, and alternatives falling within the spirit and scope

of the invention as defined by the appended claims.

FIG. 1 is a block diagram depicting the RAID controlier chip 100 of the
present invention as applied in a personal computer or workstation

motherboard 1. As shown in FIG. 1, RAID controller chip 100 (hereinafter

also referred to as ROC) includes a local processor 121, a host CPU interface 124,

a memory interface 128. and dual back-end I/0O interface channeis 130. ROC
100 is shown in a typical motherboard 1 application as a component of the
motherboard 1. Also present in such an application of ROC 100 is a host
CPU 102 and its associated program memory 103 and buffer memory 101
Separate external memory 104, resident on motherboard 1, is coupled to
ROC 100 through memory interface 128. External memory 104 stores, for
example, instructions and variables for execution of processor 121. Further,
external memory 104 may stcre data for caching operations in a RAID moae
of operation (discussed below).

Processor 121, back-end 1/0 interface channels 130, memory interface
128. and host interface 124 all exchange information via processor bus 160.
Processor bus 160 is a bus internal to ROC 100 which may be either unique

to processor 121 or may be any of several industry standard busses

including, for example, a PCl bus.
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Back-end 1/O interface channels 130 attach ROC 100 to a plurality of
disk drives 108 via paths 152. Paths 152 may be any of several well known
communication medium applying any of several well known protocols. For
example, paths 152 may be parallel SCSI, Fibre Channel, SSA, IPl, EIDE,
PCI, etc. In the preferred embodiment, back-end 1/O interface channels 130
and paths 152 are SCSI compatible controller circuits within ROC 100 to
allow connection of a wide variety of readily available high performance disk
drives.

ROC 100 communicates with host CPU 102 via host interface 124 and
bus 150. In the preferred embodiment of ROC 100, bus 150 is an industry
standard PCI| or other interface bus and host interface 124 is adapted to
exchange signals between processor bus 160 and PCl bus 150. Those
skilled in the art will readily recognize that ROC 100 of the present invention
may be implemented as shown in FIG. 1 as integrated on a motherboard 1.
Alternatively, ROC 100 may be integrated on an adapter card which plugs
Into an industry standard connector extending the signals of bus 150.
Further, ROC 150 may be applied in storage subsystems standing
independent of a host system and connected to host systems via other
industry standard interconnections (e.g., Fibre Channel or SCSI). However,
such subsystems applications of ROC 100 tend to underutilize the Integration
aspects of the present invention. Such subsystem applications of ROC 100
are therefore not anticipated as common applications of the methods and
apparatus of the present invention.

Processor 121 in ROC 100 is preferably a reduced instruction set
computer (RISC) circuit possessing performance properties required for full
featured RAID control features. In particular, in the best presently known
mode of practicing the invention, processor 121 is preferably an ARM7TDMI
device (as available from Advanced RISC Machines, Ltd.. 90 Fulbourn Road,

Cherry Hinton, Cambridge, CB1 4JN England).

In addition, in the preferred embodiment of ROC 100, a direct memory

access controller 122 (also referred to herein as DMA) and a RAID parity
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assist circuit 126 (also referred to herein as RPA) are included to further
enhance performance of ROC 100. DMA 122 and RPA 126 also exchange
information with other components within ROC 100 via processor bus 160 as
discussed above. Those skilled in the art will readily recognize that DMA 122
and RPA 126 are not required for basic operation of ROC 100 as described
herein. Inclusion of RPA 126 and DMA 122 enhances performance of ROC
100 by offloading tasks from general purpose processor 121.

Specifically, DMA 122 reduces the load on processor 121 for
exchanging data among an attached host CPU, interface channels 130 RPA
126, and memory devices (e.g., memory 104) attached to ROC 100 through
memory interface 128. DMA 122 is a standard cell library component
compatible with any of several well known DMA architectures. Simple DMA
transfer techniques may be used therein as well as so-called scatter/gather
DMA techniques. Those skilled in the art will recognize the design choices
available in a particular standard cell library and select any of several such
compatible DMA components.

RPA 126 is any circuit, as known in the RAID controller arts, which
provides specific assistance to processor 121 for RAID redundancy data
computatians (e.g., XOR parity computations). As is known in the art, such
parity assist logic improves overall performance of a RAID controller by
improving the speed of frequent XOR parity computations.

Back-end 1/O interface channels 130, as noted above, are preferably
SCSI controller circuits for connection of commercially available high
performance disk drives. In particular, back-end /0 interface channels are
preferably standard cell library versions of a SCSI controller core such as the
53C875 or 53C895 as available from Symbios Logic, Inc. More precisely,
such standard cell libraries may include functionally similar features of the
commercially available circuit but broken out in a "macro" form to permit
easier integration within a single integrated circuit. Two such 53C875 SCSI
controllers are functionally combined in the 53C876 device also available'

from Symbios Logic, Inc. Similarly, dual 53C895 SCSI controllers are
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functionally combined in the 53C896 device from Symbios Logic, Inc. Such
SCSI controller circuits as defined within standard cell libraries are also
referred to herein as SCSI controller cores or simply SCSI cores.

These SCSI controllers (interface channels 130) perform SCSI
operations in accordance with a script command language. Script "programs”
are constructed by an attached processor and downloaded into a script buffer
132 associated with the SCSI cores. A script processor (not shown) within
each SCSI core (130) stores and later retrieves the script commands in the
sequence required and performs the operations associated therewith.

In the best presently known mode of practicing the invention, buffer
132 is integrated within each SCSI core 130. In particular, preferred devices
such as the above identified Symbios 53C8XX series integrates a 4KB buffer
for script storage within the SCSI core 130 per se. This script buffer
integrated within the SCSI core 130 is inaccessible by processor 121. Scripts
are transferred from processor 121 to the SCSI cores 130 over processor bus

160 and stored, by the SCSI core 130, in the internal script buffer of the
receiving SCSI core 130.

Alternative embodiments readily recognized by those skilled in the art
may share buffer 132 in a manner to allow shared access by processor 121.
in such a configuration, buffer 132 may also be connected to processor 121.
When processor 121 controls operation of SCS! controller cores (130),
processor 121 determines the use of buffer 132. In particular, processor 121
may utilize buffer 132 for general program 'storage including instructions
and/or data. Alternatively, processor 121 may dedicate the use of buffer 132
to SCSI cores (130) for use, as noted above, as a script buffer.

As is discussed below in additional detail, ROC 100 is operable in two
distinct modes. In a first mode, an unintelligent mode (also referred to herein
as a SCSI pass-through mode), ROC 100 is operable in a manner essentially
compatible with a Symbios 53C876 dual SCSI channel interface. In the

second mode, processor 121 controls operation of ROC 100 to perform full

RAID management for attached disk arrays 108.
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In the best presently known mode of practicing the invention, circuits

(not shown) in ROC 100 determine which mode to initialize when power is

‘applied to ROC 100. For example, these circuits determine whether memory

104 is connected to ROC 100. If a memory 104 is detected on power up of
ROC 100, the initialization circuits release a reset signal applied to processor
121 to enable it to begin operations and control ROC 100 for performing full
RAID management. If no memory 104 is sensed, the initialization circuits
hold processor 121 in a reset state (or other equivalent non-functioning state
such as a low power mode). With processor 121 in such a reset state, SCSI
cores 130 (and therefore ROC 100) are operable in a SCSI pass-through
mode to permit direct access by host CPU 102 to SCSI cores 130 (via host
interface 124).

In initialization and operation of this pass-through mode, processor 121
Is preferably completely idle. Other embodiments readily apparent to those
skilled in the art permit processor 121 to initialize and programmétically
determine the preferred mode of operation. In such alternate embodiments,
processor 121 may inspect configuration options or receive configuration
instructions from a host system to determine which mode to initialize.
However, to initialize the pass-through mode in such alternate embodiments,
processor 121 does little more than initialize ROC 100 by resetting various
controls and mapping address ranges within ROC 100 for direct access by an
attached device through host interface 124.

In the SCSI pass-through mode of operation, no RAID or other
management techniques are performed within ROC 100. Rather, this mode
allows ROC 100 to be used as a "dumb" SCSI controller where RAID
management is not required.

In a second mode of operation (also referred to herein as a RAID
control mode), processor 121 controls essentially all operation of SCSI cores
(130) to apply RAID management techniques to the disk drives attached
thereto. Any requests from devices attached through host interface 124 (e.q.,

host systems 102) are directed to processor 121 for interpretation and
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processing. As noted above, in particular, processor 121 in conjunction with
host interface 124 preferably provides and 120 compatible interface to
attached host systems.

FIG. 2 is a block diagram which depicts the logical cdnﬁguration of
ROC 100 of FIG. 1 when operating in the first mode, the unintelligent 'mode,
essentially compatible with a Symbios 53C876 dual SCSI| controller. Once
initialized in this mode by operation of processor 121 of FIG. 1. several
elements associated with RAID operations are essentially idle and therefore
not shown in the logical configuration of FIG. 2. For example, processor 121,
RPA 126, memory 104, and DMA 122 are essentially unused when ROC 100
Is operable in the dumb mode (those skilled in the art will recognize that
memory interface 128 is used to access BIOS code in a ROM (not shown) for
motherboard boot processing). Rather, interface channels 130 (SCSI cores)
are directly accessible by attached host processors 102 through bus 150
(e.g., PCl bus), host interface 124, and processor bus 160. Script commands
are generated directly by a host processor 102, transferred via bus 150, host
Interface 124, and bus 160 to the SCSI core (130) and thereby temporarily
stored in script buffer 132. Thé SCSI core is then controlled by the same host
processor 102 via the same communication path to initiate the processing
requests embodied in the script commands stored in the script buffer 132.
Host processor 102 thereby retains complete control over the processing and
management of disk drives 108 attached through ROC 100 via paths 152.

In the second, RAID management, mode of operation of ROC 100,
processor 121 of FIG. 1 retains all control over SCSI cores (130). Scripts for
operation of SCSI cores (130) are generated by processor 121 to control the
attached disk drives rather than attached host processors (e.g., 102).

More importantly, in this second mode of operation, processor 121 and
related components perform full RAID management of the attached disk
drives 108. Information and associated redundancy information pursuant to

RAID management techniques are generated by processor 121 and
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distributed over disk drives 108 in accordance with the RAID management
techniques configured for each storage area (e.g., RAID LUN).

In this second mode of operation, processor 121 is operable in conjunction
with DMA 122, RPA 126, and memory devices attached through memory
interface 128 to perform full RAID management. Overall operation of ROC
100 to perform RAID management is in accordance with well known principles
of operation of prior RAID controllers. However, the high level of integration
of ROC 100 permits substantial savings in complexity and associated costs
as compared to prior designs. In addition, the dumb mode of operation
integrated within ROC 100 of the present invention permits the device to be
used in applications where RAID management is not required. A single circuit
of the present invention may be easily and simply applied to both RAID and
non-RAID storage applications with a high level of integration in the
underlying computing application.

FIG. 3 Is a block diagram describing the logical communication paths
(busses) interconnecting the principle components within ROC 100. As noted
above, in the SCSI pass-through mode of operation, a host CPU 102 of FIG.
1 communicates directly with the SCS! cores 130. Bus (logical
communication path as shown in FIG. 3) 300 provides direct connection (via

host interface 124) between a host CPU 102 (not shown in FIG. 3) and SCSI

cores 130.

In the RAID management mode of operation of ROC 100, processor
121 and DMA 122 communicate directly with host CPU 102 via host interface

124. Processor 121 receives RAID storage related commands from host
CPU 102 via bus 300. DMA 122 exchanges data with a host CPU 102 via
bus 300. However, processor 121, in performing its RAID management
functions communicates with SCSI cores 130, RPA 126, DMA 122. and
memory devices via memory interface 128, all over bus (communication path)
302." Bus 302 is internal to ROC 100 and (generally) inaccessible to external

devices other than through indirect requests processed by processor 121.
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Those skilled in the art will recognize that busses 300 and 302 are
intended only to represent logical connections and communication paths
among the various components of ROC 100. Busses 300 and 302 do not,
necessarily, represent physical bus or other connections among the
componehts. Actual physical connections and multiplexing of busses is a

matter of design choice well known to those skilled in the art.

While the invention has been illustrated and described in detail in the
drawings and foregoing description, such illustration and description is to be
considered as exemplary and not restrictive in character, it being understood
that only the preferred embodiment and minor variants thereof have been
shown and described and that all changes and modifications that come within

the spirit of the invention are desired to be protected.
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What is claimed is:
1. A RAID controller integrated into a single integrated circuit chip (100)
comprising:

at least one disk interface channel (130) for connecting said integrated
circuit chip (100) to an array of disk drives (108):

a host CPU interface (124) coupled to said at least one disk interface for
connecting to a host CPU (102); and

RAID control elements (121, 126) coupled to said at least one disk
interface channel (130) and coupled to said host CPU interface (124),

wherein said RAID controller (100) is operable in a first mode to pass
through disk operations and status between said host CPU interface (124) and
said at least one disk interface channel (130), and

wherein said RAID controller (100) is alternatively operable in a second

mode to perform RAID management on behalf of said host CPU (102) via said
host CPU interface (124).

2. The RAID controlier of claim 1 wherein said host CPU interface is 120

compatible.

3. The RAID controller of claim 1 wherein said RAID control elements
Include:

a general purpose processor (121);

a memory Interface (128) coupled to said general purpose processor for
connecting said general purpose processor (121) to external memory devices
(104);

a RAID parity assist circuit (126) coupled to said at least one disk
interface channel (130) and coupled to said memory interface (128) and
coupled to said general purpose processor (121), wherein said RAID parity
assist circuit aids said general purpose processor in performing XOR parity
computations for data stored on said array of disk drives (108) connected to

said at least one disk interface channel: and
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at least one DMA channel (122) coupled to said host CPU interface and
coupled to said general purpose processor and coupled to said at least one
disk interface channel and coupled to said memory Interface and coupled to
said RAID parity assist circuit, wherein said at least one DMA channel performs
direct transfers of data among said memory interface and said host CPU

interface and said at least one disk interface and said RAID parity assist circuit.

4. The integrated circuit chip of claim 1 wherein said host CPU interface
comprises:
a PCI bus compatible host CPU interface.

S. A RAID controller integrated into a single Integrated circuit chip
comprising:

a general purpose processor:;

at least one back-end I/O interface channel coupled to said general
purpose processor for connecting to an array of disk drives:

a host CPU interface coupled to said general purpose processor for
connecting to a host CPU; and

a memory interface coupled to said general purpose processor for
connecting said processor to memory devices,

wherein said RAID controller is operable in a first mode to pass through
SCSI operations and status between said host CPU interface and said at least
one SCSI disk interface channel, and

wherein said RAID controller is alternatively operable in a second mode

to perform RAID management on behalf of said host CPU via said host CPU

Interface.

6. The integrated circuit chip of claim 5 further comprising:
a RAID parity assist circuit coupled to said at least one back-end I/O
interface channe! and coupled to said memory interface and coupled to said

general purpose processor, wherein said RAID parity assist circuit aids said

2 e " : - . s w ax g . OR98 R0 amaBASE © %00 A o . - I SR o S (R o S
S ratrdy s L . - N L N T U 1 A A L S N N T o v B A et %S



CA 02304635 2001-07-12

17

general purpose processor in performing XOR parity computations for data
stored on said array of disk drives connected to said at least one back-end e

Interface channel.

7. The integrated circuit chip of claim 6 further comprising:

at least one DMA channel coupled to said host CPU iInterface and
coupled to said general purpose processor and coupled to said at least one
back-end I/O interface channel and coupled to said memory interface and
coupled to said RAID parity assist circuit, wherein said at least one DMA
channel performs direct transfers of data among said memory interface and
said host CPU interface and said at least one back-end I/0 interface and said

RAID parity assist circuit.

8. The integrated circuit chip of claim 5 further comprising:

at least one DMA channel coupled to said host CPU interface and
coupied to said general purpose processor and coupled to said at least one
back-end /O interface channel and coupled to said memory interface, wherein
said at least one DMA channel performs direct transfers of data among said

memory interface and said host CPU interface and said at least one back-end

I/0 interface channel.

9. The integrated circuit chip of claim 5 wherein said at least one back-end
I/O interface channel includes:
a first SCSI interface channel: and

a second SCSI interface channel.

10.  The integrated circuit chip of claim 5 wherein said Integrated circuit
provides an 120 compatible interface to said host CPU via said host CPU

Interface.
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The integrated circuit chip of claim 5 wherein said host CPU interface

comprises:

a PCl bus compatibie host CPU interface.
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