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(57) ABSTRACT

Systems and methods presented herein provide for coupling a
storage controller to a plurality of different storage device
types. One embodiment of the storage controller includes an
interface operable to communicatively couple to a storage
device. The storage controller also includes a processor oper-
able to select between hardware protocol detection of the
storage device and firmware protocol detection of the storage
device, and to detect a protocol of the storage device when the
storage device communicatively couples to the interface
according to the selected protocol detection. The storage con-
troller then selects a protocol to process input/output requests
from a host based on the detected protocol of the storage
device.
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FIG. 3
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MULTI-PROTOCOL STORAGEL
CONTROLLER

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This document claims priority to and thus the ben-
efit of an earlier filing date from U.S. Provisional Patent
Application No. 61/862,361 (filed on Aug. 5, 2013, entitled
“Multi-Protocol Storage Controller™), which 1s hereby incor-
porated by reference.

FIELD OF THE INVENTION
[0002] The mvention generally relates to field of storage
controllers.
BACKGROUND
[0003] Numerous storage device interfaces exist and con-

tinually challenge storage domains. For example, Peripheral
Component Interconnect Express protocol (PCle) based stor-
age devices are now being used in association with Serial
Attached Small Computer System Interface (SAS) storage
domains. And, 1n some instances, PCle storage devices are
“hot-swapped” 1n place of SAS storage devices. But, PCle 1s
a packet based, connectionless transier protocol and SAS 1s
an end-to-end, connection based protocol that does not pro-
vide for connectionless transiers, making interoperability
particularly challenging. More particularly though, storage
controllers employing one protocol are incapable of detecting
storage devices of another protocol when hot swapped 1nto
the domain.

SUMMARY

[0004] Systems and methods presented herein provide for
coupling a storage controller to a plurality of different storage
device types. In one embodiment, a storage controller
includes an intertace operable to communicatively couple to
a storage device. The storage controller also includes a pro-
cessor operable to select between hardware protocol detec-
tion of the storage device and firmware protocol detection of
the storage device, and to detect a protocol of the storage
device when the storage device communicatively couples to
the interface according to the selected protocol detection. The
storage controller then selects a protocol to process input/
output requests from a host based on the detected protocol of
the storage device.

[0005] The various embodiments disclosed herein may be
implemented 1n a variety of ways as a matter of design choice.
For example, the embodiments may take the form of com-
puter hardware, software, firmware, or combinations thereof.
Other exemplary embodiments are described below.

BRIEF DESCRIPTION OF THE FIGURES

[0006] Someembodiments of the present invention are now
described, by way of example only, and with reference to the
accompanying drawings. The same reference number repre-
sents the same element or the same type of element on all

drawings.

[0007] FIG. 1 1s a block diagram of an exemplary storage
controller operable with devices of differing protocols.

[0008] FIG. 21s a flowchart of an exemplary process of the
storage controller of FIG. 1.
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[0009] FIG. 3 1s a block diagram of another exemplary
storage controller.

[0010] FIG. 4 1s a flowchart of an exemplary process of the
storage controller of FIG. 3.

[0011] FIG. 51sagraph of an exemplary hardware protocol
detection scheme of the storage controllers of FIGS. 1 and 3.

[0012] FIG. 6 1s a flowchart of another exemplary process
of the storage controller of FIG. 3.

[0013] FIG. 7 1s a block diagram of an exemplary comput-
ing system 1n which a computer readable medium provides
instructions for performing methods herein.

DETAILED DESCRIPTION OF THE FIGURES

[0014] The figures and the following description 1llustrate
specific exemplary embodiments of the invention. It will thus
be appreciated that those skilled 1n the art will be able to
devise various arrangements that, although not explicitly
described or shown herein, embody the principles of the
invention and are included within the scope of the invention.
Furthermore, any examples described herein are mtended to
aid 1n understanding the principles of the invention and are to
be construed as being without limitation to such specifically
recited examples and conditions. As a result, the invention 1s
not limited to the specific embodiments or examples
described below.

[0015] FIG. 1 1s a block diagram of an exemplary storage
controller 104 operable with devices of differing protocols.
The storage controller 104 1s operable to process I/0 requests
of a host system 105 and direct those I/O requests to various
target devices 110, 111, and 112 according to their respective
storage protocols. For example, 1n this embodiment, the tar-
get devices 110 are SAS storage devices, the target devices
111 are PCle storage devices, and the target device 112 1s a
storage device using some other protocol (e.g., a Serial
Attached AT Attachment (SATA) protocol, a Fibre Channel
over Internet Protocol protocol, an Enterprise Systems Con-
nection, a Fibre Channel protocol, a Universal Serial Bus
(USB) protocol, an Internet Serial Attached Small Computer
System Interface (ISCSI) protocol, etc.). The storage control-
ler 104 1s operable to discover, via hardware and/or firmware,
the type of storage device 1t connects to when one of the target
devices 110,111, 112 1s coupled to the storage controller 104.
Once discovered, the storage controller 104 can process /0O
requests from the host system 105 to any of the target devices
110, 111, 112 via their respective storage protocols.

[0016] The target devices 110, 111, 112 may be directly
attached the storage controller 104 or they may be coupled
through a storage system expansion component, such as the
expander 103. For example, one or more expanders may be
operable to directly attach to other target devices 110, 111,
112 as well as other expanders to provide a “switched fabric”
that switches I/O request to appropriate devices as determined
by the storage controller 104. An example of the expander 103
includes a wide port expander operable with multiple proto-
cols, such as those mentioned (e.g., SAS, PCle, USB, SATA,
etc.).

[0017] Examples of the target devices 110, 111, 112
include storage devices, such as disk drives and solid state
drives (SSDs). In this regard, the target devices 110,111, 112
may provide data storage on behalf of the host system 105.
And, the host system 105 may configure read/write requests
for mput/output (I/O) operations with any of the target

devices 110, 111, 112. The host system 105 may be any
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suitable computing device or system operable to perform 1I/O
operations, for example, servers, workstations, personal com-
puters, etc.

[0018] The storage controller 104 1s any device, system,
soltware, or combination thereof operable to perform device
discovery, manage I/O requests to the target devices 110, 111,
112, and process I/O commands directed to data thereot. For
example, the storage controller 104 may be implemented as
custom circuitry, as a special or general purpose processor
executing programmed 1nstructions stored in an associated
program memory, or some combination thereof. The storage
controller 104 may be an independent SAS device, a Host Bus
Adapter (HBA) of a host, or an integrated component of the
host system 105.

[0019] The storage controller 104 includes a frontend inter-
face adapted to couple to and receive I/O requests of the host
system 105. The storage controller 104 also includes a back-
end interface (shown and described in greater detail below)
that 1s adapted to couple to and support PCle devices (e.g.,
PCle compatible expanders, PCle switches, and PCle target
devices 111), SAS devices (e.g., SAS target devices 110 and

SAS expanders), and others.

[0020] The expander 103 1s any device, system, soltware,
or combination thereof operable to expand a storage system
via possible connections to multiple storage devices. In this
regard, the expander 103 may connect to SAS components,
such as SAS target devices 110 and other expanders via a
plurality of physical transceivers, or “Phys”. More particu-
larly, the expander 103 may be operable to directly attach to a
plurality of target devices via a number of different protocols,
such as those mentioned (e.g., SAS, PCle, USB, SATA, etc.)
and may utilize the protocol detection methods present in the
storage controller 104.

[0021] Although shown and described with respect to a
certain number of expanders and target devices, the invention
1s not ntended to be limited to any particular number of
components or their illustrated connections. Certain opera-
tional details of the storage controller 104 are now discussed
with respect to the tlowchart of FIG. 2.

[0022] FIG. 2 1s a flowchart of an exemplary process 200
operable with the storage controller 104 of FIG. 1. The pro-
cess 200 mitiates when the storage controller 104 communi-
catively couples to a storage device, 1n the process element
201. For example, when one of the target devices 110, 111, or
112 couples to the storage controller 104, either directly or
indirectly (e.g., via the expander 103), the storage controller
104 begins a hardware discovery and/or a firmware discovery
of the target device. In this regard, the storage controller 104
selects between a hardware protocol detection of the storage
device and a firmware protocol detection of the storage
device, 1n the process element 202.

[0023] Once the detection scheme 1s selected, the storage
controller automatically begins detecting the protocol of the
storage device, 1n the process element 203. For example, a
hardware detection scheme may be employed by the storage
controller 104 to determine the protocol of the storage device
when 1t couples to an interface of the storage controller via
hardware signaling and/or time domain reflectometry. It the
storage device 1s not detected via the hardware protocol
detection scheme, the storage controller 104 may fail over to
a firmware detection scheme by attempting link establish-
ment via various protocols until the storage device responds.
The storage controller 104 may, however, also be configured
to 1itiate from a firmware protocol detection scheme and
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fallover to a hardware protocol detection scheme or even be
configured to only use one or the other detection schemes to
detect the protocol of the attached storage device.

[0024] Once the protocol of the storage device 1s detected,
the storage controller 104 selects a protocol to process 1/0
requests from the host system 105, in the process element
204. For example, the storage controller 104 may be config-
ured with a variety of protocol stacks. Once the protocol of the
storage device 1s detected, the storage controller 104 pro-
cesses the I/O requests from the host system 105 through the
appropriate protocol stack.

[0025] FIG. 3 1s a block diagram of another exemplary
storage controller 104. In this embodiment, the storage con-
troller 104 1s configured with a system intertace 301 that 1s
operable to communicatively and physically couple the stor-
age conftroller 104 to the physical interface of the host system
105 and process /O requests according to PCle and SAS/

SATA protocol stacks. The PCle stack comprises PCle upper
layers 302, a PCle link layer 304, and a PCle physical layer

306, or Phy. The SAS/SATA stack comprises SAS/SATA
upper layers 303, a SAS/SATA link layer 305, and a SAS/
SATA physical layer 307, or Phy.

[0026] The storage controller 104 also comprises protocol
selection logic 308 that 1s operable to select the appropnate
protocol stack when the protocol of the storage device 1s
detected. A protocol multiplexer 309 1s communicatively
coupled to the protocol selection logic 308 to control which of
the protocol stacks will be used when the protocol the storage
device 1s detected.

[0027] The protocol selection logic 308 and associated pro-
tocol multiplexer 309 work 1n conjunction to choose whether
the storage device’s physical interface connects to the PCle
protocol stack or the SAS/SATA protocol stack. The serial/
deserializer (SerDes) 310 1s operable to perform a hardware

protocol detection of the attached storage device. Indication
of successiul link establishment 1s passed from both the PCle

link layer 304 and the SAS/SATA link layer 307 to ensure that
the protocol multiplexer 309 remains fixed on a currently
selected protocol when success 1s achieved. In some embodi-

ments, a particular protocol’s link and Phy layers (e.g., PCle
link layer 304, PCle Phy layer 306, SAS/SATA link layer 305,

SAS/SATA Phy layer 307) are enabled when the protocol
multiplexer 309 1s currently selecting that protocol so as to
minimize power consumption. For example, power can be
reduced by quiescing an unused protocol stack of the storage
controller 104 and turning oif a clock 1n the storage controller
104. This prevents MOS gates from toggling, which can
contribute to a significant waster of power in semiconductors
due to switching of the capacitive loads of the gates.

[0028] In another embodiment, a loss of signal indication
from the SerDes 310 1s used directly by the SAS/SATA Phy
layer 307 even when the protocol multiplexer 309 1s currently
selecting PCle protocol to allow a rapid switch over to SAS/
SATA protocol 1 the event that valid SAS/SATA Out Of
Band (OOB) signals are detected. For example, the protocol
multiplexer 309 may be directed by the protocol selection
logic 308 to select the PCle protocol stack for communication
with the attached storage device. However, the attached stor-
age device may be a SAS/SATA storage device. The storage
controller 104 may be operable to more quickly hardware
detect the OOB signals of the SAS/SATA device while the
PCle protocol stack is attempting to communicate with the
attached storage device. In this regard, the detection of OOB
signals may actually take place 1n the SAS/SATA Phy layer
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307. The SerDes 310 provides loss of signal indication to the
SAS/SATA Phy layer 307 which, 1n turn, looks for a proper
OOB pattern. The protocol selection logic 308 then selects
the SAS/SATA protocol stack and ceases attempts by the
PCle protocol stack to communicate with the attached storage
device.

[0029] The automatic OOB detection process can be pro-
vided 1n parallel to the detection of progress on the PCle link
layer 304. In the event that PCle 1s not making progress and a
valid SAS/SATA OOB signal 1s recerved by the SerDes 310,
the protocol multiplexer 309 switches over to SAS/SATA
control (1.e., the SAS/SATA protocol stack) such that an OOB
signal may be sent in reply to the attached storage device.
Even 11 no PCle or SAS/SATA activity 1s present, the protocol
multiplexer 309 may periodically switch to the SAS/SATA
protocol stack to send an OOB signal to comply with the
Hotplug timeout requirements of the T10 SAS standards (110
1s the technical committee that establishes the standards for
SCSI, SATA, and SAS). An example of this detection 1s
shown and described in the flowchart of FIG. 6.

[0030] In any case, an indication of a successiul link being
established may be passed from the PCle link layer 304 to the
SAS/SATA link layer 303 via the protocol selectionlogic 308,
and vice versa, such that the protocol selection logic 308 halts
any further attempts to switch protocols (e.g., by alerting the
firmware of the storage controller 104 to the successtul result
via an iterrupt or some other means).

[0031] The manner in which a particular protocol detection
scheme 15 selected 1n the storage controller 104 may be per-
formed 1n a number of ways. FIG. 4 1s a flowchart of one such
exemplary process of protocol detection selection by the stor-
age controller 104. More specifically, a programmable pro-
tocol selection method 1s 1llustrated in FIG. 4 that provides
the firmware of the storage controller 104 with the ability to
choose the protocol based on a prior1 knowledge of the system
configuration. For example, the storage controller 104 may
cnable firmware protocol detection, in the process element
351, such that firmware attempts to 1nitiate communication
with the attached storage device belore or 1n parallel with
hardware detection. The storage device being attached to the
storage controller 104 may be known such that the firmware
of the storage controller 104 can automatically initiate pro-
tocol detection via a predetermined firmware selection of the
protocol, 1n the process element 352. In this regard, the firm-
ware of the storage controller 104 may automatically choose
the PCle protocol, 1n the process element 354, if the device 1s
known to be a PCle storage device or the SAS/SATA protocol
if the device 1s known to be a SAS/SATA storage device, 1n the
process element 355.

[0032] Altematively, the firmware protocol detection of the
process element 352 may provide the storage controller 104
with the ability to cycle through the available protocols of the
storage controller 104 until a connection 1s made with the
attached storage device. For example, the firmware may alter-
nate between protocols looking for a “PhyReady” SAS/SATA
condition or a “LinkUp” PCle condition. In either case, the
firmware of the storage controller 104 chooses either PCle or
SAS/SATA operation, and the protocol multiplexer 309 1s set
to the appropriate protocol until the firmware of the storage
controller 104 changes the configuration.

[0033] If the firmware protocol detection of the process
clement 351 is disabled, the storage controller 104 would
generally implement a hardware protocol detection 1n the
process element 356. The hardware sensed protocol detection
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of the process element 356 mode may be enabled if the
storage controller 104 firmware has no knowledge of the
protocol to expect and decides to not cycle between the pro-
tocols. Once the hardware sensed protocol detection success-
tully achieves a PhyReady or LinkUp state with a particular
protocol, any further protocol switching 1s suspended until 1t
1s enabled again by firmware. If the hardware sensed protocol
detection of the process element 356 1s disabled, the protocol
multiplexer 309 may be held 1n an 1dle position such that no
protocol stack 1s selected. For example, both the PCle and
SAS protocol stacks of the storage controller 104 in thas
respect would remain quiescent.

[0034] If the hardware sensed protocol detection of the
process element 356 1s enabled, the storage controller 104
may be configured to cycle through protocol stacks (process
clement 358), automatically detect the protocol of the OOB
signals (process element 359), and/or transmit a pulse and
analyze the reflected wave via time domain reflectometry, or
“TDR”, (process element 360). To illustrate, the protocol
multiplexer 309 may alternate between PCle and SAS/SATA
protocol stacks with a programmable dwell time for each
protocol until success for any protocol 1s achieved, in the
process element 358. After a successiul connection via a
particular protocol 1s established, an interrupt directs the stor-
age controller 104 to begin processing I/0 requests according
to the protocol of the storage device. Generally, all channels
associated with a x2, x4, x8, or x16 PCle configuration
should alternate simultaneously, and the PCle Link Layer 304
automatically detects a lane reversal condition during the
training sequence such that there 1s no need to cycle through
different lane reversal configurations.

[0035] Inthe process element 339, the protocol multiplexer
309 may be configured to default to the PCle Phy layer 306,
but a loss of signal indication, such as an RXLOS signal,
would still be transterred to the SAS/SATA Phy layer 307 to
support OOB sequence detection. Then, 11 the storage con-
troller 104 1s able to successiully establish a link via the PCle
protocol (e.g., “LinkUp”), the protocol multiplexer 309 locks
into the PCle protocol stack of the storage controller 104. If,
however, the SAS/SATA Phy layer 307 detects a valid
COMINIT OOB sequence of the SAS/SATA protocol, then
the protocol multiplexer 309 switches to the SAS/SATA Phy
layer 307 such that the SAS/SATA Phy layer 307 may send a
COMINIT to the attached storage device. If no protocol 1s
successiul within a programmable Hotplug timeout period
(typically 10-500 ms), then the storage controller 104 may
automatically select the SAS/SATA Phy layer 307 by sending
a COMINIT to the storage device 1in an attempt to “brute
force” connect to the storage device. Alternatively, the stor-
age controller 104 may simply continue monitoring or per-
form an alternative protocol detection scheme.

[0036] Inthe process element 360, the SerDes 310 periodi-
cally sends a pulse and analyzes the retlected wave to detect a
distinct AC coupling characteristic which indicates the pro-
tocol of the attached device. For example, the storage device,
based on 1ts standardized storage protocol electrical require-
ments, has a particular analog signaling characteristic. A
TDR pulse transmitted to the storage device would be
reflected back to the SerDes 310 and analyzed by the storage
controller 104 to determine the type of storage device that 1s
coupled to the storage controller 104. An example of such
hardware/TDR detection 1s shown and described below in

FIG. 5.
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[0037] FIG. 5 1s a graph 370 of an exemplary hardware
detection scheme of the storage controllers 104. One particu-
lar challenge 1n sensing PCle versus SAS electrical charac-
teristics 1s the broad range of passive channel lengths
employed in SAS. SAS channel lengths may range from just
a few centimeters to as many as 10 meters, which can induce
a delay 1n a reflected TDR wave of many 10 s of nanoseconds
(¢.g., illustrated as “time of tlight x27).

[0038] A sample timer (373) may be implemented by the
SerDes 310 to determine when to sample the reflected wave
and make an assessment of the charge characteristic. Such a
timer may be configured to start when the TDR pulse 1s
launched (1.e., the bolder line 371). Alternatively, an accurate
measurement of the charge characteristic of the pulse i a
SAS channel with unknown length could be obtained with a
threshold (372) being used to detect the reflected TDR pulse
from the SAS channel arriving back at the SerDes 310.
Another alternative would include a dV/dt receiver being
used to detect the arrival of the retlected TDR pulse. Once the
reflected TDR pulse arrives, the sample timer would be
started (373). When the sample timer expires, the voltage at
the SerDes 310 can be sampled (e.g., sample points 380) and
compared to various threshold voltages (e.g., 372, 374, 375).
For example, 1fa SAS charge detection threshold 1s exceeded,
the TDR pulse would indicate that a SAS Device 1s attached
to the storage controller 104. Otherwise, the TDR pulse
would 1ndicate that a PCle storage device 1s attached or that
no devices attached at all (375). Such thresholds could be
programmed into the firmware of the storage controller 104 to
provide tlexibility 1n different implementations and operating,
environments.

[0039] Inanother embodiment, a failsafe timer may be used
to determine the type of storage device that 1s attached to the
storage controller 104. For example, at a launch of TDR pulse
(371), a failsafe timer set to twice the maximum cable length
delay may be started. If a reflected TDR pulse 1s detected, the
sample timer would be triggered and sampling (e.g., sample
points 380) of the charge value would occur. If no reflected
TDR pulse 1s observed, sampling of the charge value would
occur when the fail safe timer expires. For example, if a link
1s properly terminated, then there 1s no reflection and the fail
safe timer would start. If the link 1s not terminated, then the
reflection triggers the detection automatically at a time based

on twice the delay of the maximum length of the transmission
line.

[0040] Alternatively, a baseline timer (376) could be used
in conjunction with the failsafe timer to make an assessment
of a charge slope (e.g., 390, 391, 392) based on sampling
rather than basing the assessment purely on absolute voltage
thresholds. For example, the baseline timer may be used to
sample the reflected TDR pulse shortly after the TDR pulse
has been received. The baseline timer may capture the first
point 1n determining the charge slope. Thereatter, the sample
timer can be used to capture the second point from which the
charge slope may be determined. Multiple samples may of
course be used to improve accuracy and improve noise 1minu-
nity (1.e., more accurately determine what 1s signal and what
1S noise).

[0041] This retlected TDR pulse detection technique for
starting the sample timer provides flexibility for channels of a
variety of lengths, including those beyond the 10 meter pas-
stve length limit of SAS. Additional thresholds could also be
employed to provide finer discrimination of charge charac-
teristics associated with the various protocols. An analog-to-
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digital converter could be employed to perform the detection
with the charge level being determined via numeric compari-
son. Additional accuracy could be achieved by taking mul-
tiple samples during the charge time and performing numerti-
cal analysis and curve fitting on the resultant sample points
380 prior to making a determination on the charge character-
1stic.

[0042] FIG. 6 1s a flowchart of another exemplary process
400 of the storage controller 104. The process 400 1llustrates
hysteresis 1n a selected protocol. In the event that a link 1s
dropped, the storage controller 104 can attempt to reestablish
the link with a most recently used protocol. Such may be
usetul for cases where a link 1s reset due to firmware-directed
reinitialization when a new device 1s not actually installed.
For example, the firmware resets the storage controller 104, 1n
the process element 401, and connection to a storage device 1s
then lost. The storage controller 104 may then perform a
receiver detect sequence to acquire a previously attached
PCle device after initialization of the storage controller 104,
in the process element 402. The storage controller 104 may
perform this operation a number of times after some delay
(process element 403 ) until the PCle device 1s detected, in the
process element 404. For example, the storage controller 104
may be configured to attempt detection of the attached stor-
age device some predetermined number of times belore
switching to another form of protocol detection.

[0043] Once the PCle device 1s detected, the storage con-
troller selects the PCle protocol stack to set the PCle mode of
the storage controller 104, 1n the process element 4035, The
storage controller 104 then enables the PCle link 1nitializa-
tion of the PCle link layer 304, 1n the process element 406.
Afterwards, the storage controller 104 makes a determination
as to whether the PCle imnitialization 1s making progress, in the
process element 407.

[0044] If the PCle mitialization 1s making progress, the
storage controller 104 1nitiates a PCle progress timer, in the
process element 408, looping through until a link 1s estab-
lished with the PCle device, 1n the process element 409. Once
the link 1s established, the storage controller initiates a Hot-
plug timer to determine 1f the PCle device 1s ready to com-
municate with the storage controller 104, in the process ¢le-
ments 410 and 412. The purpose of the loop 1s to allow a
certain amount of time to reestablish communications with
the PCle device belore trying the SAS/SATA protocol 1t the
PCle Link becomes not ready at any point. I the link 1s not
ready, the storage controller 104 may attempt to establish a
connection by re-initiating the receiver detect sequence of the
process element 402. But, as long as a link 1s up, the Hotplug
timer continues to be reset. If the link drops, the Hotplug timer
continues running so that there 1s only so much time given to
try and reestablish the link with that particular protocol. If the
Hotplug timer eventually expires (e.g., process elements 413
and 422), then the storage controller 104 attempts communi-
cation via another protocol.

[0045] Ifthe PCle mitialization 1s not making progress, the
storage controller 104 determines whether the Hotplug timer
initiated 1n the process element 410 has expired, 1n process
element 413. If not, the SerDes 310 determines whether the
SAS OOB signal has been detected, in the process element
414. If not, the storage controller 104 returns to the process
clement 407 to determine whether the PCle mitialization 1s
making progress. If the Hotplug timer has expired or the SAS
OOB signal has been detected, the storage controller 104
selects the SAS/SATA protocol stack to establish the SAS/
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SATA mode of the storage controller 104, 1n the process
clement 415. In thus regard, the storage controller 104 enables
SAS/SATA link mitialization of the SAS/SATA link layer
305, 1in the process element 416, thereby making the decision
to abandon PCle mitialization.

[0046] Once the link layer 303 1s enabled, the storage con-
troller 104 determines whether the SAS 1nitialization has
begun and 1s making progress, 1in the process element 417. IT
so, the storage controller 104 mitiates a SAS 1mitialization
progress timer, 1n the process element 418, and determines
whether the SAS/SATA link 1s established, 1n the process
clement 419. For example, the SAS 1nitialization progress
timer may establish a certain amount of time for the storage
controller 104 to link to the storage device, assuming that it 1s
a SAS storage device. 11 the link 1s not established within that
amount of time, the storage controller 104 may return to the
process element 417 to determine whether the SAS 1nitializa-
tion 1s making progress or not.

[0047] If the SAS/SATA link 1s established with the SAS/
SATA link layer 303, then the storage controller 104 initiates
the Hotplug timer 1n the process element 420 and determines
whether the link 1s ready in the process element 421. 11 the
link 1s not ready, the storage controller 104 may return to the
process element 417 to determine whether the SAS 1nitializa-
tion 1s making progress. 11 so, the storage controller 104 may
continually mitialize the Hotplug timer while the link 1s up.
Otherwise, the storage controller 104 may determine that the
link 1s not ready and attempt to reenable the SAS/SATA link
initialization in the process element 416. If the SAS mitial-
1zation 1s not making progress (1.e., process element 417),
then the storage controller 104 determines whether the Hot-
plug timer has expired, in the process element 422. If not, the
storage controller 104 may continue waiting for SAS initial-
ization until the Hotplug timer expires. When the timer does
indeed expire, the storage controller 104 returns to process
clement 402 to perform another recerver detection sequence
(c.g., select another protocol stack, protocol detection
scheme, quit detection altogether, etc.).

[0048] Theabove embodiments provide several advantages
over current protocol detection schemes. For example, the
above embodiments provide for dynamically or statically
configuring protocol detections capable of detecting any of a
variety ol protocols. While two protocol stacks are 1llustrated,
the imnvention 1s not to be limited to such. The storage control-
ler 104 may be configured with a variety of protocol stacks
that allow the storage controller to couple to and communi-
cate with a varniety target devices. The protocol detection
schemes 1nclude cycling through protocols performing par-
allel protocol detection of OOB signaling of the SAS proto-
col, and passive protocol detection via hardware sensing elec-
trical characteristics of the attached devices.

[0049] The invention can take the form of an entirely hard-
ware embodiment, an entirely software embodiment or an
embodiment containing both hardware and software ele-
ments. In one embodiment, the invention 1s implemented in
software, which includes but 1s not limited to firmware, resi-
dent software, microcode, etc. FIG. 6 1llustrates a computing
system 500 1n which a computer readable medium 506 may

provide 1nstructions for performing any of the methods dis-
closed herein.

[0050] Furthermore, the 1nvention can take the form of a
computer program product accessible from the computer
readable medium 506 providing program code for use by or in
connection with a computer or any instruction execution sys-
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tem. For the purposes of this description, the computer read-
able medium 3506 can be any apparatus that can tangibly store
the program for use by or 1n connection with the instruction
execution system, apparatus, or device, including the com-
puter system 3500.

[0051] The medium 506 can be any tangible electronic,
magnetic, optical, electromagnetic, infrared, or semiconduc-
tor system (or apparatus or device). Examples of a computer
readable medium 506 include a semiconductor or solid state
memory, magnetic tape, a removable computer diskette, a
random access memory (RAM), aread-only memory (ROM),
a rigid magnetic disk and an optical disk. Some examples of

optical disks include compact disk-read only memory (CD-
ROM), compact disk-read/write (CD-R/W) and DVD.

[0052] The computing system 500, suitable for storing and/
or executing program code, can mclude one or more proces-
sors 502 coupled directly or indirectly to memory 308
through a system bus 510. The memory 508 can include local
memory employed during actual execution of the program
code, bulk storage, and cache memories which provide tem-
porary storage of at least some program code in order to
reduce the number of times code 1s retrieved from bulk stor-
age during execution. Input/output or I/O devices 504 (in-
cluding but not limited to keyboards, displays, pointing
devices, etc.) can be coupled to the system either directly or
through intervening I/O controllers. Network adapters may
also be coupled to the system to enable the computing system
500 to become coupled to other data processing systems, such
as through host systems interfaces 512, or remote printers or
storage devices through intervening private or public net-
works. Modems, cable modem and Ethernet cards are just a
few of the currently available types of network adapters.

1. A storage controller, comprising:

an 1nterface operable to communicatively couple to a stor-
age device;

a processor operable to select between hardware protocol
detection of the storage device and firmware protocol
detection of the storage device, to detect a protocol of the
storage device when the storage device communica-
tively couples to the interface according to the selected
protocol detection, and to select a protocol to process
input/output requests from a host based on the detected
protocol of the storage device; and

a hardware detector that 1s operable to perform the hard-
ware protocol detection by measuring a time domain
reflectometry signal.

2. The storage controller of claim 1, wherein:

the processor 1s further operable to perform a Serial
Attached Small Computer System Interface protocol
detection and a Peripheral Component Interconnect
Express protocol detection at substantially the same
time.

3. (canceled)
4. The storage controller claim 1, wherein:

the hardware detector 1s further operable to determine that
the storage device 1s disconnected from the interface
based on the time domain reflectometry signal.

5. The storage controller claim 1, wherein:

the processor 1s further operable to sample the time domain
reflectometry signal, to determine a slope of the sampled
time domain reflectometry signal, and to determine the
protocol of the storage device based on the slope of the
sampled time domain reflectometry signal.
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6. The storage controller of claim 1, further comprising:

a plurality of protocol stacks, each protocol stack being
operable to process the mput/output requests according
to a unique storage protocol.

7. The storage controller of claim 6, wherein:

the unique storage protocol 1s selected from a group con-
sisting of: a Serial Attached Small Computer System
Interface protocol; a Peripheral Component Intercon-
nect Express protocol; a Serial AT Attachment protocol;
a Fibre Channel over Internet Protocol protocol; an

Enterprise Systems Connection; a Fibre Channel proto-
col; a Umversal Serial Bus protocol; and an Internet
Serial Attached Small Computer System Interface pro-
tocol.

8. The storage controller of claim 1, wherein:

the interface 1s further operable to commumcatlvely couple
to the storage device through an expander; and

the processor 1s further operable to detect the protocol of
the storage device through the expander.

9. The storage controller of claim 1, wherein:

the processor 1s further operable to detect the protocol of
the storage device by attempting to connect to the stor-
age device with a last used protocol.

10. A method operable 1n a storage controller, the method

comprising;

communicatively coupling the storage controller to a stor-
age device;

selecting between hardware protocol detection of the stor-
age device and firmware protocol detection of the stor-
age device;

detecting a protocol of the storage device when the storage
device communicatively couples to the interface accord-
ing to the selected protocol detection;

selecting a protocol to process input/output requests from a
host based on the detected protocol of the storage device;
and

measuring a time domain retlectometry signal to perform
the hardware protocol detection.

11. The method of claim 10, further comprising;:

performing a Serial Attached Small Computer System
Interface protocol detection and a Peripheral Compo-
nent Interconnect Express protocol detection at substan-
tially the same time.

12. (canceled)

13. The method claim 10, further comprising:

determining that the storage device 1s disconnected from
the interface based on the time domain reflectometry
signal.

14. The method of claim 10, further comprising:

sampling the time domain reflectometry signal;

determining a slope of the sampled time domain reflecto-
metry signal; and

Feb. 5, 2015

determining the protocol of the storage device based on the
slope of the sampled time domain reflectometry signal.

15. The method of claim 10, further comprising:

processing the mput/output requests according to a unique
storage protocol from one of a plurality of protocol
stacks.

16. The method of claim 15, wherein:

the unique storage protocol 1s selected from a group con-
sisting of: a Sernial Attached Small Computer System
Interface protocol; a Peripheral Component Intercon-
nect Express protocol; a Serial Attached AT Attachment
protocol; a Fibre Channel over Internet Protocol proto-
col; an Enterprise Systems Connection; a Fibre Channel
protocol; a Universal Serial Bus protocol; and a Serial
Attached Small Computer System Interface protocol.

17. The method of claim 10, further comprising:

communicatively coupling to the storage device through an
expander; and

detecting the protocol of the storage device through the
expander.

18. The method of claim 10, further comprising;:

detecting the protocol of the storage device by attempting
to connect to the storage device with alast used protocol.

19. A non-transitory computer readable medium compris-

ing structions that, when executed by a storage controller,
direct the storage controller to:

communicatively couple the storage controller to a storage
device;

select between hardware protocol detection of the storage
device and firmware protocol detection of the storage
device;

detect a protocol of the storage device when the storage
device communicatively couples to the interface accord-
ing to the selected protocol detection;

select a protocol to process 1mput/output requests from a
host based on the detected protocol of the storage device;
and

measure a time domain retlectometry signal to perform the
hardware protocol detection.

20. (canceled)
21. The computer readable medium of claim 19, further

comprising instructions that direct the storage controller to:

perform a Serial Attached Small Computer System Inter-
face protocol detection and a Peripheral Component
Interconnect Express protocol detection at substantially
the same time.

22. The computer readable medium of claim 21, turther

comprising instructions that direct the storage controller to:

detect the protocol of the storage device by attempting to
connect to the storage device with a last used protocol.
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