
TESTING STORAGE SYSTEM ELECTRONICS USING LOOPBACK
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims the benefit of U.S. Provisional
Application No. 601808,799, filed on May 26, 2006 and
U.S. Provisional  Application No. 60/759,431, filed on
January 1.7, 2006. The disclosure of the  above
application is incorporated herein by reference in its
entirety. FIELD  [0002] The -present disclosure
relates to storage systems, and more  particularly to
testing electronic : devices and subsystems in storage
systems. BACKGROUND  [0003] The background description
provided herein is for the purpose  of generally
presenting the context of the disclosure. Work of the
presently  named inventors, to the extent it is
described in this background section, :as well  as
aspects of the description which may not otherwise
qualify as prior art at the  time of filing, are
neither expressly nor impliedly admitted as prior art
against the  present disclosure. [0004] Host devices
such as computers, laptops, servers, etc., typically
store data on storage devices such as hard disk
drives. Referring now to FIG. 1,  an exemplary hard
disk drive 10 is shown to include a hard disk drive
(HDD)  system 12 and a hard drive assembly. (HDA) 13.
The HDA 13 includes one or  1 



more circular recording surfaces 14. The recording
surfaces 14 are coated with  magnetic layers 15. Data
is recorded on the recording surfaces 14 in the form
of  digital bits called ones and zeros [00051 A
spindle motor, shown schematically at 16, rotates the
recording surfaces 14. Generally, the :spindle motor
16 rotates the recording  surfaces 14 at a fixed speed
during: read/write operations. One or more  read/write
actuator -arms 18 moves relative to the recording
surfaces 14 to read  and/or write data to/from the
recording surfaces 14. [0006] A read/write device 20.
is located near a distal end of the  read/write arm
18. The read/write device 20 includes a write element
such as an  inductor that generates a magnetic field.
The. read/write device 20 also includes  a read
element (such as a magneto=resistive (MR) element)
that senses the  magnetic field on the recording
surfaces 14. [00071 A preamp circuit 22 amplifies
analog read/write.signals. When  reading data, the
preamp circuit 22 amplifies low level signals from the
read  element and outputs the amplified signal to a
read channel device 24. When  writing data, a write
current is generated which flows through the .write
element of  the read/write device 20. The write
current is switched to produce a magnetic  field
having a positive or negative polarity. The positive
or negative polarity is  stored on the recording
surfaces 14 and is used to represent data. [0008] The
HDD 12 typically includes a buffer 32 that stores data
that  



is associated with the control of the hard disk drive.
Additionally, the buffer 32  2 buffers data that is
read or that is to be written. The data thus buffered
is then  transmitted as data blocks to improve
efficiency of reading and writing. The  buffer 32 may
employ DRAM, SDRAM, or other types of low latency
memory.  The HDD 12 further includes a processor 34
that performs processing related to  the operation of
the HDD 10. {.0009] The HDD 12 further includes a hard
disk controller (HDC.) 36  that communicates with a
host device via an input/output (I/O) interface 38.
The  I/O interface 38 can be a serial or parallel
interface, such as an Integrated Drive  Electronics
(IDE), Advanced Technology Attachment (ATA), or serial
ATA  (SATA). interface. The I/O interface 38
communicates with an I/O interface 44  that is
associated with.a.host device 46. [0016] The.HDC 36
also communicates with a spindle/voice coil motor
(VCM) driver 40 and/or the read channel device 24. The
spindleNCM driver 40  controls the spindle motor 16
that rotates the recording surfaces 1.4. The
spindleNCM driver 40 also generates control signals
that position the read/write  arm. 18 using a voice
coil actuator, a stepper motor, or any other suitable
actuator. [0011] Some :electronic devices in the disk
drives perform complex  functions. For example, the
read channel device 24 may incorporate an efficient
data-encoding scheme in addition to advanced digital
filtering and data-detection  



techniques. The read channel device 24 may thereby
increase areal densities  and data transfer rates of
disk drives. Thus., testing devices such as the read
channel device 24 may ensure data reliability. 3
[0012] Generally, external test equipment is used to
test electronic  devices such as the read channel
device 24. Disk drives, however, are steadily
decreasing in size and increasing in speed. This is
because use. of.disk drives is  proliferating in small
electronic devices such as MP3 players, game consoles,
digital cameras, etc. These devices typically use
compact disk drives having  high storage capacities
and 'high data transfer rates. Asa result, physical
dimensions of disk drives are steadily shrinking. This
makes using external test  equipment :increasingly
impractical. Consequently, conventional test equipment
may be unable to test complex devices and subsystems
such as :read channel  devices, hard disk controllers,
etc., in compact and high=speed disk drives. SUMMARY
[0013] A system comprises a. hard disk controller
(HDC) module that  controls:a hard disk and a.read
channel (RC) device that communicates with the  HDC
module via a read bus and a write bus. The RC device
includes. a loopback  circuit that selectively loops
>back' the write bus to the read bus. The RC device
generates a write clock for the ktDC.mod.ule to write
data on the write bus and a  read clock for the HDC
module to read the data on the read bus, wherein the
write clock is independent of the read clock. 



[0014] In another feature, the RC device comprises a
control module  that activates the loopback circuit. 4
[0015) In another feature, the RC device generates the
write clock  based on a fixed RC timebase. The RC
device generates a read clock based on  a recovered
channel clock. [0016] In another feature, the RC
device comprises a write clock  generator module that
.: generates the write clock by dividing one of :a
fixed RC  timebase and a recovered channel clock. The
RC device comprises a .clock  control module that
disables stretching and rephasing.features of the
write, clock  generator module. The RC device
comprises a clock control module that  disables
switching between the fixed RC timebase and the
recovered channel  clock after the write clock
generator module selects one of the fixed RC timebase
and the recovered channel clock to generate the
write:: clock. [0017 In another feature, the HDC
module is fabricated on a first die  and the RC device
is fabricated on a second die. [0.0'181 In another
feature, the HDC module and the RC device are
fabricated on a common die. [001.9] to still other
features, a system comprises a hard disk controller
(HDC) module that controls a hard disk using a read
bus and a write bus,. a first- in first-out
(FIFO)memory that buffers data on the read bus, and a
read channel  (RC) device that communicates with the
HDC module viia the read bus and the  



write bus. The RC device includes a loopback circuit
that selectively loops back  the write bus to the read
bus. The RC device generates. a loopback clock that
clocks the FIFO memory when the write bus is looped
back to the read bus. 5 [0020] In another feature, the
HDC module reads an output of the FIFO  memory
generated by the loopback clock when the write bus is
looped back to  the read bus. [0021] In. another
feature, the HDC module reads an output of the FIFO
memory generated by a read-write clock when the write
bus is not looped back to  the read bus. [0022] In
another feature, the RC device comprises a read-write
clock  generator that .generates a read-write clock
for the HOC module.to read data on  the read bus and
to write data on the ,write bus. The read-write clock
generator  generates the read-write clock based on a
fixed RC timebase and a recovered  channel clock. The
read-write clock generator generates the read-write
clock  based on the fixed: RC. timebase when the HDC
module writes data on the write  bus. The read-write
clock generator generates the read-write clock based
on the  recovered channel clock when the HDC module
reads data from the read bus. [0023] In another
feature, the HOC module is fabricated on a first die
and the RC device is. fabricated on a second die.
[0024] In another feature, the HDC module and the RC
device are  fabricated on a common die. 



[0025] In still other features, a method comprises
selectively looping  back a write bus to a read bus
between a hard disk controller (HDC) module and  a
read channel (RC) device in a disk drive, generating a
write clock for the HDC  module to write data on the
write bus, and generating a read clock for the HDC  6
module to read the data on the read bus, wherein the
write clock is independent  of the read clock. [0026]
In another feature, the method further comprises
generating the  Write clock based on a fixed RC
timebase. [0027] In another feature, the method
further comprises generating a  read clock based on a
recovered channel clock. [0028] In another. feature,
the method further ;comprises generating the  write
clock by dividing one of a fixed RC timebase and a
recovered channel  clock. The method further comprises
disabling stretching and rephasing of the  write
clock. The method further comprises disabling
switching between the fixed  RC timebase and the
recovered channel clock after selecting one of the
fixed RC  timebase and the recovered channel clock to
generate the write clock. [0029] In still other
features, :a method. comprises selectively looping
back a write bus to a read bus between a hard disk
controller (hDC) module and  a read channel.(RC)
device in a disk drive, buffering data on the read bus
using a  first in first-out (FIFO) memory, and
generating a Ioopback clock for clocking the  FIFO
memory when the write bus is looped back to the read
bus. 



[0030] In another feature, the method further
comprises reading an  output of the FIFO memory that
is generated by the loopback clock when the  write bus
is looped back to the read bus. [0031] In another
feature, the method further comprises reading an
output o the FIFO memory that is generated by a
read-write clock when the write  bus is not looped
back to the read bus. 7 [0032] In another feature, the
method further comprises generating a  read-write
clock for the HDC module to read data on the read bus
and to write  data on the write bus. The method
further comprises generating the read-write  clock
based on a fixed RC timebase and a recovered channel
clock. The method  further comprises generating the
read-write clock `based on the fixed RC  timebase when
the HDC module writes data on the write bus. The
method  further comprises generating the read-write
clock based on the recovered  channel clock when the
:HDC module reads data from the read. bus. [0033]. In
still other features, a system comprises hard
disk.controller  (HDC) means for controlling a hard
disk, and read channel (RC) means for  communicating
with the HDC means via a read bus and a write bus,
selectively  looping back the write bus to the read
bus using a loopback means, generating a  write clock
for the HDC means to write data on the write bus, and
generating a  read clock for the HDC means to read the
data on the read bus, wherein the  write clock is
independent of the read clock. 



[0034) In another feature, the RC means comprises
control means for  activating the loopback means.
:[0036] In another feature, the RC means generates the
write block  based on a fixed RC timebase. [0036] In
another feature, the RC means generates a read clock
based  on a recovered channel clock. [0037] In another
feature, the RC means comprises write clock  generator
means for generating the write clock by dividing one
of a fixed RC  8 timebase and a recovered channel
clock. The RC means comprises clock  control.means for
disabling stretching and rephasing features of the
write clock  generator means. The RC means comprises
clock control means for disabling  switching between
the fixed RC timebase and the recovered channel clock
after  the write clock generator means selects one of
the fixed RC timebase and the  recovered channel clock
to generate the write clock. [0038] In another
feature, the HDC means is fabricated on a first. die
and the RC means is fabricated on a second die.
[0Q3.9] In another feature, the HDC means and the RC
means. are  fabricated on a common die. [0040] In
still other features, a system comprises hard disk
controller  (HDC) means for controlling. a hard disk
using a read bus and a write bus, first-in  first-out
(FIFO) memory means for buffering data on the read
bus, and read  



channel (RC) means for communicating with: he HDC
means via the read bus  and the write bus, selectively
looping back the write bus to the read bus.using
loopback means, and. generating a loopback clock for
clocking the FIFO memory  means when the write bus is
looped back to the read.bus. [0041] In another
feature, the HDC means reads an output of the FIFO
memory means that is generated by the loopback clock
when the write bus is  looped back to the read bus.
[0042] In another feature, the HDC means reads an
output of the FIFO  memory means that is generated by
a read-write clock when the write bus is not  looped
back to the read bus. 9 [0043] In another feature, the
RC means comprises read-write clock  generator means
for generating a read-write clock for the HDC means to
read  data on the read bus and to write data on the
write bus. The read-write clock  generator means
generates the read-write clock based on a fixed RC
timebase  and a recovered channel clock. The
read-write clock generator means generates  the
read-write clock based on the fixed RC timebase when
the HDC means  writes data on the write bus. The
read-write clock generator means generates  the
read-write clock based. on the recovered channel clock
when the.HDC means  reads data from the read bus.
[0044] In another feature,: the HDC means is
fabricated on a first die  and the RC means is
fabricated on a second die. 



[0045] In another feature, the HDC means and the RC
means are  fabricated on a common die.. [0046] In
still other features, a computer program executed by a
processor comprises. selectively looping back a write
bus to a read bus between  a hard disk controller
(HDC). module and a read channel (RC) device in a
disk.  drive, generating a write clock for the HDC
module to write data on the write bus,  and generating
a read clock for the HDC module to read the data on
the read  bus, wherein the write clock is independent
of the read clock. [0047] In another feature, the
computer program further comprises  generating the
write clock based on a fixed RC timebase. [0048] In
another feature, the computer program further
comprises.  generating a read clock based on a
recovered channel clock. 10 10049] In another feature,
the computer program further comprises  generating the
write clock by dividing one of a fixed RC timebase and
a  recovered channel clock. The computer program
further comprises disabling  stretching and rephasing
of the write clock. The computer program further
comprises disabling switching between the fixed RC
timebase and the recovered  channel clock after
selecting one of the fixed RC timebase and the
recovered  channel clock to generate the write clock.
10050] In still other features, a computer program
executed by a  processor comprises selectively looping
back a write. bus to a :read bus between  



a hard disk controller (I-iDC) module and a read
channel (RC) device in a disk  .drive, buffering data:
on the read bus using a first-i.n first-out (FIFO)
memory, and  generating a loopback clock for clocking
the FIFO memory. when the write bus is  looped back to
the read bus. [0051] in another 'feature, the computer
program further comprises  reading an output of the
FIFO memory that is generated by the loopback clock
when the write bus is looped back to the read bus.
[0052] In another feature, the computer program
:further comprises  reading an output of the FIFO
memory that is generated by a read-write clock  when
the write bus is not looped back to the read bus.
[0053] In another feature, the computer program
further comprises  generating a read-write clock for
the HDC module. to read data on the read bus  and to
write data on the write bus. The computer program
further comprises  generating the read-write clock
based on a fixed RC timebase and a recovered  11 1 .
channel clock. The computer program further comprises
generating the read- write clock based on the fixed RC
timebase when the HDC module writes data  on the write
bus. The computer program further comprises generating
the read- write clock based on the'recovered channel
clock when the HDC module reads  data from the read
bus. [005.4] In still other features, the systems and
methods described  



above are implemented by a computer program executed
by one or more  :processors. The computer program can
reside on a computer readable medium  such as but
not.lttmited to.,:memory, non-volatile:data storage
and/or other suitable  tangible storage mediums.
[0055] Further areas of applicability of the present
disclosure will  =become apparent from the detailed
description provided. hereinafter. It should be
understood that the detailed description and
specific.: examples, while indicating  the preferred
embodiment of the disclosure, are intended for
purposes of  illustration only and are not intended to
limit the.scope of the disclosure. BRIEF. DESCRIPTION
OF THE DRAWINGS [0056] The.present disclosure will
become. more fully understood from  the detailed
description and the accompanying drawings,. wherein:
[0057] FIG.. 1 is a functional block diagram of an
exemplary hard disk  drive according to the prior art;
12 .[0058] FIG. 2A is a functional block diagram of an
exemplary interface  between a read channel device
and:a 'hard disk controller module in a hard disk  .d
rive; .[0059] FIG. 2B is a functional block diagram of
an exemplary clock  .generator used in a read channel
device to generate a read-write clock; [Oa60] FIG. 3
is. a functional .block diagram of an exemplary system
for  performing loopback tests in a hard disk drive
according to the present  



disclosure; [0061] FIG. 4A is aunctional block diagram
of an exemplary write  clock generator according to
the present: disclosure; [0062] FIG. 4B is a.
functional block diagram of an exemplary write  clock
generator according to the-,present disclosure;
[00.63] FIG. 5 is a functional block diagram of an
exemplary system for  performing loopback tests in 'a
hard disk drive according to the present  disclsoure;
[0064] FIG. 6 is a flowchart of an exemplary method
:for performing  loopback tests in a hard disk drive.
according to the present disclosure.; [0065] FIG. 7 is
a flowchart of an exemplary method for performing
loopback tests in a hard disk drive according to the
present disclosure; [0066] FIG. 8 is a flowchart of an
exemplary method for performing  loopback tests in a
hard disk drive according to the present disclosure;
[0100.] FIG. 9A is a functional block diagram of a
high definition  television; 13 [0101] FIG. 9B is a
functional block diagram of a vehicle control  system;
.[0102] FIG. 9C is a functional block. diagram of a
cellular phone.;  [01031 FIG. 9D':is a functional
block diagram of a set top box; and  [0067] FIG. 9E is
a functional block diagram of a media player. 



DETAILED DESCRIPTION [0068] The following description
is merely .exemplary in nature and is. in  no way
intended to limit the disclosure, its application, or
uses. For purposes of  clarity, the same reference
numbers will be used in the drawings to :identify
similar elements. As used herein, the term module,
circuit and/or device. refers to  an Application
Specific Integrated Circuit (ASIC), an electronic
circuit, a  processor (shared, dedicated, or group)
and memory that execute one :or more.  software or
firmware programs, a combinational logic circuit,
and/or other  suitable components that provide the:
described functionality. As used herein, the  phrase
at least one of A, B,.and. C should be construed to
mean a logical .'(A or B  or C), using a non-exclusive
logical or. It should be understood that steps within
a method may be executed in different order without
altering the principles of the  present disclosure.
[0069] Self-tests using loopbacks can verify system
operation without  using external test equipment. In
loopback tests, a loopback circuit typically  loops
back outputs of an output driver of a device to inputs
of an input driver of  the device. If data written
matches data read back, the device and associated  14
datapaths are considered to be functioning normally.
Otherwise, a malfunction is  detected. [0070]
Loopbacks can be incorporated in disk drives to
perform self- tests. Loopbacks may. be used instead of
conventional test equipment to test  



electronic devices and subsystems in disk drives.
Loopbacks may be preferable  to external test
equipment when disk drives are compact in size, high
in storage  capacity, and. have high throughput or
data transfer rates. [0071] Referring now to FIGs.
2A-2B, an interface 50 . between .a read  channel (RC)
device 24 and a hard disk controller (HDC) module
36.of a disk  drive comprises a data 'bus 52, a
read/write clock (RCLK), and a return read/write
clock (WCLK). The data bus 52 comprises read datapaths
and write datapaths.  The HDC. module 36 communicates
with the RC device 24 via data bus 52.  'Specifically,
the HDC module 36 reads and writes data via data bus
52 using  RCLK generated by the RC device 24. [007.2]
As shown in FIG. 2B, the RC device 24 comprises a RC
clock  generator module 54 and a RC clock divider.
module 56. The RC device 24  generates RCLK during
normal operation as follows. When the HDC module 36
writes data, the clock generator module 54 generates a
clock signal based on a  fixed RC tirnebase.. This is
because write datapaths typically use a .clock of a
constant periodicity to write data at a constant bit
rate. On the other hand, when  the HDC module 36 reads
data, the clock generator module 54 generates the
clock signal based on a recovered channel clock. The
divider module 56,divides  15 the clock signal
generated by the RC clock generator module 54 to
generate  RCLK. [0073] Switching between fixed RC
timebase while writing and  



recovered channel clock while reading may alter
periodicity of RCLK.  Additionally, when reading data,
the periodicity of RCLK may be altered due to a
zero-phase-restart (ZPS) and/or a rephasing of RCLK.
ZPS occurs during initial  channel synchronization.
Rephasing of RCLK may occur when a sync-mark is
detected. [0074] Irregularities in` the periodicity of
RCLK are not problematic in  normal read/write
operations since normal read/write operations are not
performed simultaneously. During loopback tests,
however, read and write  operations are performed
simultaneously. That is, read and write datapaths are
clocked simultaneously during loopback tests. If RCLK
is used to write data  during ioopback tests., data
read back may differ .from data written due to
irregularities in RCLK rather than due to a fault.
Therefore, RCLK cannot be  used to write data during
ioopback tests. Specifically, the clock for write
datapaths may not. have irre9uiarities even if the
clock for read datapaths does. [0075] . The present
disclosure discloses various schemes for enabling
loopback tests by generating a write clock of a
constant periodicity for write  datapaths.
Specifically, a RC device generates a write clock of a
constant  periodicity for write datapaths in addition
to generating a read clock for read  datapaths. The
write clock does not stretch and/or rephase during ZPS
and/or  synchronization of the read clock of read
datapaths during a read operation.  16 Thus, a HDC
module writes data at a constant rate using the write
clock even  



when the read.clock performs timing synchronization,
etc. [0076] Referring now to FIG. 3, a system 60 for
performing loopback  tests in a disk drive. comprises
a RC device 25 ,.and a HDC module 37. The HDC  module
37 writes data an write datapaths (write bus) 52-1 and
reads data from  datapaths (read bus) 52-2. The write
datapaths 52-1 are Clocked by a write clock  generated
by the 'RC device 25. The read datapaths 52-2 ..are
:clocked by a read  clock.generated by the RC device.
The write clock has a constant periodicity  even if
the.read clock .may stretch and/or rephase. [0077]
TheRC device 25 comprises a loopback control module
61, an  input. driver module 63, an output driver
module 65, a loopback :circuit 71, a write  clock
generator module 62, and a read clock generator module
64. When  performing loopback tests, the loopback
control module :61 activates the  loopback circuit 71.
The loopback circuit 71 effectuates a: loopback 70 and
loops  back the write bus 52-1 to the read bus 52-2.
Specifically,'the loopback circuit.71  loops back
outputs of the output driver module. 65 to inputs of
the input driver  module 63. Alternatively, the
loopback 70 may be effectuated by an external
loopback or a test. module (both not shown). [0078]
The write clock generator module 62 generates the
write: clock  using a fixed RC timebase. The read
clock generator module 64 generates the  read clock
using a recovered channel clock. The HDC module 37
comprises a  write module 66 that writes data on the
write bus 52-1 using the write clock. The  17 



HDC module.37 comprises a read module 68 that reads
data from the read bus  52-2 using the read clock.
[0079] Referring now to FIGs. 4A-4B, the write clock
generator. module  62 may generate the write clock of
a constant periodicity in many ways: In one  way, the
write clock generator module 62 comprises a :divider
module 67 that  divides the fixed RC timebase to
generate.the write clock as shown in FIG. 4A.  In
another way, the write clock generator module 62
comprises a RG clock  generator module .54-1., a RC
clock divider :module 56-1, and ;:a. clock control
module 72 as shown in FIG. 4B. [0080] The RC clock
generator module 54-1 receives the fixed RC  timebase
and the recovered channel clock as sources Tor
generating the write  clock. The:-clock control module
72 disables a source switching. feature of the RC
clock generator module 54-1. Thus, the RC clock
generator module 54-1 may  use the fixed RC limebase
or the recovered channel clock as a source for
generating. the write clock. Once the source is
selected, however, the RC clock  generator module .541
may not switch: the source. Additionally, ttie -clock
control  module 72 disables:ZPS clock stretching,and
rephasing features of ths:RC clock  divider module
56-1. Thus, the write clock generated by the write
clock  generator module 62 has a constant periodicity.
[0081] Alternatively, data -may be read back during
loopback tests  using a clock of a constant
periodicity. Specifically, a data-flow synchronization
circuit such as a first-in first-out (FIFO) memory is
used in read datapaths. The  



FIFO memory is clocked with a clock of a constant
periodicity during Ioopback  18 tests. Thus, the FIFO
memory can transfer data from one clock domain such as
RCLK that may have irregular periodicity to another
clock domain having a  constant periodicity. 10082]
Referring now to FIG. 5, a system 60-1 for performing
Ioopback  tests in a disk drive comprises a RC device
'25-1, a HDC module 37, and afrst-in.  first-out
(FIFO) memory 74. the HDC module 37 writes data on
write datapaths  (write bus) 52.1 and: reads data from
read data paths (read bus) 52-2. The RC  device 25-1
comprises a RCLK generator module 24-1, a Ioopback
control  module 61, a Ioopback clock generator
modulle-64-1, an input driver module 6:3,  an output
driver module 65, and a Ioopback circuit 71. (0083].
The FIFO memory 74 is a data-flow synchronization
circuit that  is used in read datapaths 52-2. The FIFO
memory 74 is normally clocked by  RCLK. The HDC
module: 37 reads: an output- of the FIFO memory 74
=that is  clocked by RCLK when reading data during
normal operation. During. loopback  tests, however,
the FIFO memory 74 is clocked by a loopback clock.
The.HDC  module 37 reads an output of the :FIFO memory
74 that is clocked by the  Ioopback clock when reading
back data during.loopback tests. 100841 The RCLK
generator module 24-1 generates RCLK that the  HDC
module 37 uses to write data on write datapaths 52-1
and to read data :on  read datapaths 52-2. The
Ioopback clock generator module 64-1 generates the  



loopback clock of a constant periodicity that is used
to clock the FIFO memory 74  during Ioopback tests. 19
[0085] When performing Ioopback tests, the loopback
control module  61 activates the loopback circuit 71.
The loop.back circuit 71 effectuates a  Ioopback 70
and loops back the write bus 52-1 to the read bus
52-2. Specifically,  the loopback circuit 71 loops
back outputs of the output driver module 65 to
inputs. of the input driver module 63. Alternatively,
the loopback 70 may be  effectuated by an external
loopback or a test module..(not shown). .[0086] The
loopback control. module 76 activates. the loopback
clock  generator module 64-1. The loopback clock
generator module 64-1 generates  the Ioopback clock of
a constant periodicity that clocks the FIFO :memory
74.  The FIFO memory 74 transfers data from one clock
domain such as RCLK that  may have irregular
periodicity to another clock domain that has a
constant  periodicity. [0087] In some implementations
of systems 60 and 60-1, the RC  device:.and the HDC
module may be fabricated on separate dies. in some
other  implementations of systems 60 and 60-1, the RC
:de:vice and the HDC module  may be fabricated on a
common die. [0088] Referring now to FIG..6, a method
100 for performing self-tests  using Ioopback begins
at step 102. If Ioopback is not enabled in step 104,
the  method 100 returns to step 1.02. Othewwise, a RC
read clock. generator module  



64.generates a read clock in step 106 using a
recovered channel clock. A write  clock generator
module 62 generates a write clock in step 1.08 by
dividing a fixed  RC timebase. The method 100 ends in
step 110. 20 [00.891 Referring now to FIG. 7, a method
150 for.performing self-tests  using loopback begins
at step 152. If loopback is not enabled in step 104,
the  method 150 returns to step 152. Otherwise, a RC
read clock generator module  .64 generates a read
clock in step 156 using a recovered channel clock. A
.control module 72 disables a clock source switching
feature of a RC clock  generator module 54-1 in step
158. The control module 72 disables ZIPS clock
stretching and rephasing features of a RC :clock
divider module 56-1 in step 160.  The write :clock.
generator module 62 generates a write clock of a
constant  periodicity instep 162 using a fixed
RC.timebase or a recovered channel clock  The method
150 ends in step 164. 10090] Referring now to FIG. 8,
a method 200. for performing self-tests  using
loopback begins at step 202. If loopback is not
enabled in step 204, the  method 200 returns to step
202. Otherwise, a .RC. read clock generator module  64
generates a read clock in step 206 using a recovered
channel clock. The  write clock generator module 62
generates a write clock of a constant periodicity  in
step 208. [00911 A loopback control module 76 uses a
clock of a constant  periodicity such as the write
clock to clock a FIFO memory 72 in read datapaths  



52-2 in step 210. The FIFO memory 72 transfers data
from a clock domain  having an .irregular clock such
as the read clock to a time domain having a  constant
periodicity in step 212. The method 200 ends in step
214. [0092] Referring now to FIGs. 9A-9E, various
exemplary  implementations of the system 60 and the
system 60-1 (collectively system 60)  21 are shown.
Referring now to FIG. 9A, the system 60 can be
implemented in a  mass data storage 427 of a high
definition television (HDTV) 420. The HDTV  420
receives HDTV input signals in either a wired or
wireless format and  generates HDTV output signals for
a display 426. In some implementations,  signal
processing circuit and/or control circuit 422 and/or
other circuits (not  shown) of the HDTV 420.: may
process data, perform coding and/or encryption,
perform calculations, format data and/or perform any
other type of HDTV  processing that may be required.
[00931 The HDTV 420 may. communicate with the mass
data. storage  427 that stores data ;in a nonvolatile
manner such as optical and/or magnetic  storage
devices. The HDD may be a mini HDD that includes one
or more  platters having a diameter that:. is smaller
than approximately I.8 The HDTV  420 may be connected
to memory 428 such as RAM, ROM, low latency
nonvolatile memory such as flash memory and/or other
suitable electronic data  storage. The HDTV.420 also
may support connections with a WLAN via: a WLAN
network interface 429. 



[0094) Referring now to FIG. 9B, the system 60 may be
implemented in  a mass data storage 446 of a vehicle
control system 430, In some  implementations, a
powertrain control system 432 receives inputs from one
or  more sensors such as temperature sensors, pressure
sensors, rotational  sensors, airflow sensors and/or
any-other suitable sensors and/or.that generates  one
or more output control signals such as engine
operating parameters,  transmission operating
parameters, and/or other control signals. 22 10095] A
control system 440 may likewise receive signals from
input  sensors 442 and/or output control signals to
one or more output devices 444. In  some
implementations, the control system 440 may be part of
an anti-lock  braking system (ABS), a navigation
system, a teiernatics system, a vehicle  telematics
system, a lane departure system, an adaptive cruise
control system, a  vehicle entertainment system such
as a stereo, DVD, compact disc and the like.  Still
other implementations are contemplated. .[0096)
The.:pow.ertrain control system 432 may communicate
with the  mass data storage 446 that.:stores data in a
nonvolatile= manner. The mass data  storage 446 may
include optical and/or magnetic storage: devices such
as hard  disk drives HDD and/or DVDs. The system 60
may be implemented in at least  one l" HDD. The HDD
may be a mini HDD that includes one :or more platters
having a diameter that is smaller than
approximately.1.8.". The powertrain control  system
432 may be connected to memory 447 such as RAM, ROM,
low latency  



nonvolatile memory such as flash memory and/or other
suitable electronic data  storage.. The. powertrain
control system 432 also may support connections with a
WLAN via a WLAN network interface 448. The control.
system 440 may also  include mass data storage, memory
and/or a WtAN interface (all not shown). [0097]
Referring now to FIG. 9C, the system 60 can be
implemented in  a mass data storage 464 of a cellular
phone 450 that may include a cellular  antenna 451. In
some implementations, the cellular phone 450 includes
a  microphone 456, an audio output 458 such as a
speaker and/or audio output  jack, a display 460
and/or an input device 462 such as a keypad, pointing
device,  23 voice actuation and/or other input device.
The signal processing and/or control  circuits 452
and/or other circuits (not shown) in the cellular
phone 450 may  process data, perform coding and/or
encryption, perform calculations, format  data and/or
perform other cellular phone functions. [009.8[ The
cellular phone 450 may communicate with the mass data
storage 464 that stores data in a nonvolatile. manner
such as optical and/or  magnetic storage devices for
example /lard disk drives HDD anti/or DVDs. The
system 60 may be implemented in.at least one HDD. The
HDD may be a mini  H.D'D that includes one or more.
platters having a. diameter that is smaller than
approximately 1.8". The cellular phone 450 may be
connected to memory 466  such as RAM, ROM, low latency
nonvolatile memory such as flash memory  and/or other
suitable electronic data storage. The cellular phone
450 also may  



support connections with a WAN via `a WLAN network
interface 468. .[0099] Referring now to.:FlG. ;9D, the
system 60 can be implemented in  a mass data storage
490 of a : set top. box 480. The set top box 480
receives  signals from a source such .as a broadband
source arid outputs standard and/or  high definition
audio/video signals suitable for a display 488. such
as a television  and/or monitor and/or other video
-and/or audio output devices. The signal  processing
and/or control circuits 484 and/or other circuits (not
shown) of the set  top box 480 may process data,
perform coding and/or encryption, perform
calculations, format data. and/or perform any other
set top box function. [00100] The set top box 480 may
communicate with the mass data  storage 490 that
stores data in a nonvolatile manner. The mass data
storage  24 490 may include optical and/or magnetic
storage devices for example hard disk  drives HDD
and/or DVDs. The system 60 may be implemented in at
least one  HDD, The HDD may be a mini HDD that
includes one or more.platters having a  diameter that
is smaller than approximately 1.8". The set top box
480 may be  connected to memory 494 such as RAM, ROM,
low latency nonvolatile memory  such: as flash memory
and/or other suitable electronic data storage. The set
top  box 480 also may support connections with a
WL.AN. via a WLAN network  interface 496. [00101]
Referring now to FIG. 9E, the system 60 can be
implemented in  a mass data storage 510 of a media
player 500. In some implementations, the  



media player 500 Includes ::a display 507 andlor a
user input 508 such as a  keypad, touchpad and the
like. In some implementations, the media player 500
may employ a graphical user interface (GU.1) that
typically employs menus, drop  down menus, icons
and/or a point-and-click. interface via: the display
507 and/or  user input 508. The media player 500
further includes an .audio output 509 such  as a
speaker and/or audio output jack. The signal
processing and/or control  circuits 504 and/or other
circuits (not shown) of the media player 500 may
process data, perform coding: 'and/or :encryption,
perform calculations, format  data and/or perform any
other media player function. 100102] The media player
500 may communicate with the mass data  storage 510
that stores data such as compressed audio and/or video
content in a  nonvolatile manner. In some
implementations, the compressed audio files  include
files that are compliant with MP3 format or other
suitable compressed  25 audio and/or video formats.
The mass data storage 510 may include optical  and/or
magnetic storage devices for example hard disk drives
HDD and/or DUDS.  The system 60 may be implemented in
at least one HDD. The HDD may be a  mini HDD that
includes one or more platters having a diameter that
is smaller  than approximately 1.8". The media player
500 may be connected to memory  514 such as RAM, ROM,
.low latency nonvolatile memory such as flash memory
and/or other suitable electronic data storage. The
media player 500 also may  support connections with a:
WLA.N via:a. WLAN network interface 516. Still other  



implementations in addition to those described above
are contemplated. .[00103] Those skilled In. the art
can now appreciate from the foregoing  description
that the broad teachings of the disclosure can be
implemented in a  variety of forms. Therefore, :while
this :disclosure includes.particular examples,  the
true scope of the disclosure should not be so limited
since other modifications  Will become apparent to the
skilled practitioner upon a study of the drawings, the
specification and the following claims. 26 CLAIMS  1.
A system., comprising: a hard disk controller (IIDC)
module that controls a hard disk; and a read channel
(RC) device that communicates with said HDC module via
a read  bus and a write bus, that includes a loopback
circuit that selectively loops back said write bus to
said :read bus, that generates a write clock for said
HDC module to write data on said write bus;  and that
generates a read clock for. said.I IDC module to read
said data on said. read bus, wherein  said write clock
is independent of said read clock. 2. The system of
claim I wherein said.RC device comprises a control
module that  activates said loopback circuit. 3. The
system of claim 1 wherein said. RC device tenerates
said write clock based  on a fixed RC timebase. 4. The
system of claim I wherein said R.C device generates a
read clock based on.a  recovered channel clock. 



5. The system of claim l wherein said RC device
comprises a write clock generator  module that
generates said write clock by dividing one of a fixed
RC ti.mebase and a recovered  channel clock. 27 6. The
system of claim 5 wherein said RC device comprises a
clock control module  that.disables stretching and
rephasing features of said write clock. generator
module. 7. The system of claim 5 wherein said RC
device comprises a clock control module  that disables
switching between said fixed RC timebase and said
recovered channel clock after  said write clock
generator module selects one of said fixed .RC
timebase and. said recovered  channel clock to
generate said write clock. 8. The system of claim I
wherein said HDC module .is fabricated on a first die
and  said RC device is fabricated on a .second die. 9.
The system of claim 1 wherein said HDC module. and
said RC device are  fabricated on a common die. 10. A
system, c.omprisino: a hard disk controller (I=IUC)
module that controls a hard disk using a read bus  and
a. write bus; a first-in first-out (FIFO) memory that
buffers data on said read bus; and  28 a read channel
(RC) device that communicates with said HDC module via
said  read bus and said write hus, that includes a
loopback circuit that selectively Loops back said
write  bus to said. read. bus, and. that generates a
loopback clock that clocks said FIFO. memory when  



said write bus is. looped back to said read bus. 1.1.
The system of claim 10 wherein said HDC module reads
an output of said FIFO  memory generated by said
Ioopback clock when said write bus is looped "back to
said read bus.  12.. The system, of claim 10 wherein
said HDC::mod:ule reads an output:o f said .FII+O
memory generated. by a read-write clock when said
wTite.. bus is of looped'back to said read bus.  13.
The system ofclai;~. 10 wherein said RC
device:corprises.a react-write clock  generator that
gee crates:a read-write clock for said IIUC module to
Teal data on said Tend bus  and to write data on said
write bus. 14. The: system of claim 133 wherein said
read-write clock generator generates. said  read-write
clock based oa a fixed RC timebase and a recovered
channel clock. 15. The -system of claim 14 wherein
said read-write clock generator generates said
read-write clock based on said fixed RC timebase when
.said HDC module k ites data on.said  write bus. 29
16. The system of claim 14 wherein said read-write
clock generator generates said  read-wTitc clock based
on said recovered channel clock when said I-I.DC
module reads;d.ata from  said read bus. 1.7. The
system of claim 10 wherein said HDC module is
fabricated on a first die and  said RC device is.
fabricated on a second die. 18. The :system of claim
.l 0 wherein said HDC module and said RC device are
fabricated. on a common die. 30 


