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ACCUMULATING READ CHANNEL PERFORMANCE DATA

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority from U.S. Provisional Application No. 60/130,162,
filed April 20, 1999.

TECHNICAL FIELD
This invention relates to systems and methods for accumulating data relating to the
performance of one or more components of a read channel.

BACKGROUND

In a magnetic disk storage system, a read channel extracts information stored on a
magnetic disk and delivers that information to a host system (e.g., a computer). The
magnetic disk is formatted with a plurality of concentric data tracks, each of which is
configured to store a fixed quantity of data in the form of magnetic transitions on the disk
surface. A spindle motor rotates the magnetic disk and a magnetic transducer positioned
adjacent to the disk senses the magnetic transitions on the disk surface and produces an
input read signal corresponding to the recorded data. The read channel includes a plurality
of components for reconstructing the recorded data from the input read signal received
from the transducer. Sampled amplitude read channels include components (e.g., a digital
wave shaping circuit and a digital filter) for equalizing the input read signal into a
predetermined partial response (e.g., PR4 or EPR4) that enables the output of the read
channel to be approximated as a linear combination of time delayed pulses modulated by a
binary sequence. .

The operation of a sampled amplitude read channel may be optimized by adjusting
one or more of the read channel components that equalize the input read signal.
Programmable digital read channels enable technicians to program read channel
components to improve the data detection capability of the channels and to optimize the
read channels for different disk drive systems. In order to optimize a read channel, the
technician must monitor the performance of the channel under prescribed test conditions.
For example, in one optimization technique, a known test pattern is written to a sector of a
magnetic disk and compared to the pattern detected by the read channel. Such a
comparison may be used to compute one or more statistical performance measures (e.g.,

mean of squared sample errors) characteristic of the current read channel configuration. In
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order to perform a meaningful statistical analysis, however, a sufficient quantity of data
must be collected. Various techniques'(e. g., introducing noise into the read channel) have
been proposed to reduce the amount of data needed to perform statistical analyses on the
read channel output. In addition, programmable channel quality monitors have been
developed to help accumulate test data for calibrating a read channel. For example, U.S.
Patent No. 5,987,634 describes a channel quality circuit in a sampled amplitude read
channel. The channel quality circuit generates a test data pattern that is written to a sector
ofa foﬁnatted magnetic storage disk. As the test pattern is read from the storage disk
sector, the channel quality circuit accumulates performance data from the read channel
components. Gating logic is programmed to accumulate only the particular performance
data of interest.

SUMMARY OF THE INVENTION

The invention features systems:and methods for accumulating performance data
from a read channel configured to extract data symbols from a magnetic medium having a
plurality of formatted data sectors. In accordance with this inventive scheme; a
programmable channel quality monitor is operable to accumulate 'perfofmance data
corresponding to a recorded test data sequence spanning two or more data sectors of the
magnetic medium. ‘ :

Embodiments may include one or more of the following features.

The channel quality monitor preferably is programmable to delay the accumulation
of performance data during a delay period corresponding to a programmed number of data
symbols following a received trigger signal. The channel quality monitor may be
programmable to begin the delay period after a sync mark signal is received, or after a
read gate signal is received. The channel quality monitor preferably includes a delay
counter configured to provide an end-of-delay signal after the programmed delay period
has expired. - ' '

The channel quality monitor preferably is programmable to accumulate a
programmed quantity of performance data. The channel quality monitor may be -
programmable to accumulate performance data corresponding to data symbols from
multiple data sectors of the magnetic medium. The channel quality monitor preferably
includes a measurement counter configured to provide an end-of-measurement signal after
the programmed quantity of performance data has been accumulated. The channel quality

monitor may be programmable to accumulate performance data corresponding selected
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data symbols of each magnehc medium sector from which data i :accumulated. The
accumulation of performance data may be suspended during a delay period corresponding
to a programmable number of data symbols at the beginning of each sector from which
data is accumulated.

In one aspect, the invention features a disk drive system. The system includes at
least one magnetic storage disk having a plurality of formatted data sectors. The system
also includes at least one transducer configured to extract an encoded data signal from the
magnetic storage disk. The system has a read channel configured to extract encoded data
symbols from the encoded data signal. The system also has a programmable channel
quality monitor operable to accumulate performance data corresponding to a recorded test
data sequence spanning two or more data sectors of the magnetic medium.

In another aspect, the invention features a method of accumulating performance
data from a read channel configured to extract data symbols from a magnetic medium
having a plurality of formatted data sectors. In accordance with this inventive method, an

‘original test data pattern is written to multiple data sectors of the magnetic medium. The:
original test pattern is read from the multiple data sectors of the magnetic medium to
produce a readback test pattern. In this method, performance data relating to a comparison
of the original test pattern and the readback test pattern is accomulated.
- A total number of sectors in error preferably is determined. A sector may be
determined to be in error if a single byte in the sector is in error, or if more than one byte
-in the sector is in error.

Advantages of the invention include that a disk drive technician may readily
collect a large quantity of performance data, because the test data patterns written to the
magnetic medium may span multiple data sectors. In addition, the disk drive technician
may perform a wide variety of different performance tests with a test data pattern stored in
one or more sectors of the magnetic medium (e.g., a sector error test that spans a plurality
of sectors). '

- Other features and advantages of the invention will become apparent from the
following description, including the drawings and the claims.

DESCRIPTION OF DRAWINGS
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FIG. 1A is a diagrammatic side view of a magnetic disk storage system, including
an actuator assembly, a plurality of magneﬁc storage disks, and a plurality of head
supports each of which is coupled to a respective read/write transducer.

FIG. 1B is a diagrammatic top view of a formatted magnetic storage disk.

FIG. 1C is a diagrammatic view of a data symbol format of a sector of the

magnetic storage disk of FIG. 1B.

FIG. 2 is a block diagram of a read channel of the magnetic disk storage system of
Fig. 1A.

FIG. 3 is a block diagram of an EPRML read/write channel, including a data
detector and a channel quality monitor, accordmg to a specific embodiment of the
invention. :

FIG. 4 is a block diagram of the channel quality monitor of FIG. 3, according to a
specific embodiment of the invention.

FIG. 5 is a block diagram of a controller for the channel quality monitor of FIG. 4,
according to a specific embodiment of the invention.

FIG. 6 is a state diagram of a finite state machine for the controller of FIG. 5,
according to a specific embodiment of the invention.

. FIGs. 7A-7C are timing diagrams corresponding to different programmable modes
of operation for the channel quality monitor of FIG. 4, according to specific embodiments
of the invention. :

FIG. 8 is a flow diagram of a method of accumulating read channel performance
data over multiple data sectors of a magneﬁc-storage medium, according to a specific

embodiment of the invention.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

Refernng to FIGs. 1A-1C, a magnetic disk storage system 10 includes a head stack
assembly 11 and a plurality of magnetic storage disks 12, 14 and 16, each of which is
configured to rotate about an axis 18. Head stack assembly 11 includes a plurality of head
supports 22, 24, 26, 28, 30 and 32, each of which is coupled by a gimbal mechanism to a
respective slider 34, 36, 38, 40, 42 and 44. Each slider 34-44 supports one or more
magnetic read/write transducers (e.g., magnetoresistive heads) that are operable to write
data to and read data from magnetic storage disks 12-16. Slider movement is controlled
by an actuator assembly 46 that controls the positions of head supports 22-32. Head
supports 22-32 are configured to bias sliders 34-44 against the surfaces of disks 12-16.
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The rotation of disks lZ-lG'_ﬁféduces air bearings between sliders 34-44 and the surfaces

of disks 12-16 that lift sliders 34-44 above the surfaces of disks 12-16 by a small,

substantially constant distance. -

As shown in FIGs. 1B and 1C, each magnetic storage disk 12-16 stores
information in magnetic recording media supported on the disk surfaces. The information
typically is stored in an annular pattern of concentric data tracks 48, as shown in FIG. 1B
for disk 12. Each data track 48 is formatted into a plurality of sectors S0 separated by
servo fields 52. As a disk rotates, data stored in different sectors of the disk may be
accessed by moving a slider to the appropriate locations on the disk surface. Servo fields
52 are used to verify the track and sector positions of transducers 34-44 and fo align
transducers 34-44 with a desired track 48. In a fixed block architecture, each data track 48
is divided into a predetermined number of equal-sized sectors 50. Each data sector 50
typically has an associated identification (ID) field that contains a data sector identifier
and other information (e.g., flags that identify defective sectors). Typically, data sectors
50 are identified by a logical block number. The host computer sends a list of logical
block numbers to be written or read, and a disk drive controller converts the logical block
number information into zone, cylinder, head and sector values. The servo system locates
the desired zone, cylinder and head, and the disk drive begins reading the sector ID fields
until a match is found. After the appropriate sector ID field has been read, the disk drive

- reads data from (or writes data to) a user data block in the sector corresponding to the
matched sector ID field. As shown in FIG. 1C, each sector 50 is formatted into a data
sequence that includes a training preamble 54, a sync mark 56, and a user data block 58.
Training preamble 54 is used to set the sampling frequency and phase of the read channel,
and sync mark 56 is used to identify the beginning of user data block 58.

Referring to Fig. 2, in one embodiment, a transducer 34 generates an encoded data
signal 60 from localized magnetic fields stored on magnetic storage disk 12. Transducer
34 transmits encoded data signal 60 to a read channel 62, which extracts encoded data
symbols from encoded data signal 60 by sampling encoded data signal 60. The extracted
data symbols, along with other information, are transmitted to a decoder 64, which
generates decoded data symbols 66 from the information received from read channel 62.

As explained in detail below, read channel 62 includes a channel quality monitor
that accumulates performance data from read channel 62 and computes statistical
performance measures that may be used to improve the operation of read channel 62. The
channel] quality monitor enables disk drive technicians to readily collect a quantity of data
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that is sufficient to obtain reliable indications of read channel performance under actual
operating conditions. The channel quality monitor also enables a disk drive technician to
carry out a wide variety of different iSerforinance tests with data stored in one or more
Referring to FIG. 3, in one embodiment of the invention, an EPRML read channel
70 includes a rotating magnetic storage disk 72 and a transducer 74. Transducer 74 may

sectors of a magnetic medium.

be positioned by a rotary voice coil actuator operating within a closed loop servo that
includes a slider carrying transducer 74 for reading information from (and writing
information to) storage disk 72. In a read mode of operation, magnetic flux transitions are
induced in a read element of transducer 74 to produce an encoded data signal thatis
applied to an input of a read preampﬁﬁer 76. A variable gain amplifier (VGA) 77
controllably amplifies the encoded data signal to produce a gain-normalized data signal
78. An asymmetry block 79 and a mulﬁplier 80 symmetrize data signal 78, and an offset
circuit 81 adjusts the DC offset of data signal 78. An-equaﬁ;e; 82 (e.g., continuous time
filter) is configured to provide some (or éll) of the equalization to the gain-normalized data
signal 78. An analog-to-digital (A/D) converter 84 samples the equalized data signal 78 at
the channel rate to provide discrete-time samples of the data signal. A discrete-time finite
impulse response (FIR) filter 86 recé_ives and further equalizes the samples to a
predetermined spectrum (e.g., PR4, EPR4, or EEPR4). The equalized spectrum is then
applied to an input of an interpolated timing recovery (ITR) filter 88 that is configured to
produce synchronous samples by digital interpolation of the asynchronous sample stream
received from FIR filter 86. The equalized spectrum also is 5bplied to an input of an
automatic gain controller (AGC) 90, which adjusts VGA 80 to normalize the gain of data
signal 78. The equalized spectrum is analyzed by a sequence detector 92 that is
configured to produce detected data symbols 94 representing a maximum likelihood
sequence estimate of read channel 70. Detected data symbols 94 are supplied to the input
of an error correction code (ECC) decoder 96 for decoding into decoded data symbols 98.
Read channel 70 further includes, a channel quality monitor 100 that collects data
samples from read channel 70 and computes one or more s';_a'tiétical measures indicative of
the performance of read channel 70. A disk drive technician may program channel quality
monitor 100 to collect information corresponding to particu_laf test data patterns stored on
magnetic medium 72. The test data'pattems may span multiple data sectors of magnetic
medium 72, enabling the disk drive technician to readily collect a large quantity of
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performance data and to perfam a wide variety of different perfoimance tests (e.g., a
sector error test that spans-a i1:|luxa.hty of sectors). i

Referring to FIG. 4, according to a specific embodiment of the invention, channel
quality monitor 100 includes logic circuitry 102 configured to compute a plurality of
statistical performance measures i03 from a plurality of received performance data
samples 104. The performance measures are supplied to a function select register 106.
An accumulator 108 collects and accumulates samples from an output 110 of register 106.
A programmable controller 112 applies a function select signal 114 to an input of register
106 to control which performance measure 103 is supplied to the input of accumulator

108. In one embodiment, channel quality monitor 100 is configured to compute the
following statistical performance measures:

TEST DEFINITION

MSEI (referenced to estimated &= [yo— 0]

sample value)

MSE 2 (referenced to known &=Y [yo—t]

sample value)

MSES3 (error signals) &2=Y [voF

Surfice Analysis - N(Te, Te) = X 1 (T <¥a < Te)
Histogram 1 (referenced to C NE@ =Y I {[va-0)>T&}
estimate)

Histogram 2 (referenced to NE)=Y 1 {[yn—0a)*> T &%}
known sample)

Histogram 3 NE) =X 1 {[y.]’>T &}
Exror Rate | NE) =3 1(z>0) |
DiBit Extraction ~ D) =2 (n X an) + (Y X 3y — 1))

TABLE 1

In Table 1, y(n) is the selected performahce data sample 104; 0, is the estimated noise-free
sam_ple value; #iy is the known noise free sample; a,, is the known data; 1(x) is an index

function, which has a value of 1 if x is true, and has a value of 0 if x is false; T, are
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programmable threshold values; and z, = 1 if output byte n from decoder 96 is in error,
otherwise z, = 0. _

A user may calculate the real mean square error by dividing the measured square
error (MSE1, MSE2, MSE3) by the number of measurements made; this number is
accumulated in measurement counter 124. For the MSE1 té_st, the error is calculated as the
difference between the received sample output from ITR 88 and the estimated noiseless
sample value. In the MSE2 test, the error is calculated as the difference between the
received sample output from ITR 88 and a calculated samplb derived from an onboard

 linear feedback shift register (LFSR) 116, The MSE 3 test may be used to measure the -

standard deviation of loop error signals. _ _

The surface analysis test (SAT) may be used to scan the magnetic medium for
defects. For example, a ¥4 period constant pattern may be réco}ded over the area of the
magnetic medium to be tesfed, in which case the readback pattern would be a sine wave
with a repeating +2 pattern. The SAT function counts the niu'mber of sample occurrences
outside of this pattern. _ -

Bit error rates may be computed for various compoﬁents of the read channel. For
example, the output of a slicer circuit may be compared to known data generated by LFSR
116 to determine bit error rates for the slicer circuit. A similar test also may be performed
for a Viterbi detector. - - :

The di-bit extraction test decbnvolves a pseudo-ranqidm bmary readback sequencé
that previously has been written to a sector as data. The di-bit extraction test may be used
to evaluate one sector to determine one value of the di-bit ﬁmction. Subsequent values are
obtained by shifting the phase of the pseudo-random binary sequence that is used to
generate known data in the deconvolution equation. Data shthd be written using the
known-data Write mode. In this mode of operation, when a normal write cycle is
executed, the device output is a repeating pseudo-binary sequence data pattern that takes
the place of normal encoded write data. On readback, the 127 bit pseudo-random binary
sequence is derived from LFSR 116, which performs the polynomial recursion Xp+s = (Xn+7
+ Xpt3 + Dmodz. In this extraction algorithm, the phase of the pseudo-random binary
sequence determines the time variables of the extracted di-bit function. In order to obtain
all 127 values of the extracted di-bit, the phase of the pseudo-random binary sequence is
incremented by changing the starting value. |

The performance measures defined in Table 1 may be applied to a number of
different performance data samples 104. Table 2 identifies (with an “X”) the different
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data samples 104 that may be monitored and the statistical performance measures that may
be used to characterize these performance data samples. |

PERFORMANCE | MSE | MSE | MSE '
MEASURE 1 2 ] s SAT | HIST1 | HIST2 | HIST3 | ERROR .Dl BIT
ITR DATA X 1 X X X X X
GAIN ERROR
TIMING ERROR
DC RESTORE
ERROR

MR ASYM.
ERROR

FIR ADPT.
ERROR
SECTOR
ERRORS 1
SECTOR
ERRORS 2

VA BIT ERROR
SLICER BIT
ERROR
ECC BER

s | x| (el
b | s | X[l

P I B

TABLE 2

Referring to FIG. 5, controller 112 includes a finite state machine 120, a delay
counter 122 and a measurement counter 124. As explained in detail below, conﬁollér 112
choreographs the collection of performance data corresponding to pre-recorded test data
stored in one or more data sectors of a formatted magnetic storage medium. In pra;:tice', a
disk drive technician writes a known test pattern to a magnetic disk and programs
controller 112 to accumnulate a specified quantity (#_measurerﬁents signal 125) of
performance data corresponding to the test data sequence written to the magnetic disk.
The recorded test data sequence may span multiple data sectors of the magnetic disk,
enabling the technician to readily collect sufficient data samples to obtain meaningful
statistical performance measﬁres for the read channel. The technician may enable
multiple-sector measurement collection by acﬁvaﬁng a sector_span signal 126. The
technician may program controller 112 to operate in an asynchronous mode in which data
is accumulated upon receipt of an active read_gate sighal 128, or in a synchronous mode
in which data is accumulated upon receipt of an active sync_mark detected signal 130.
The technician also may program controller 112 to suspend the accumulation of
performance data for an initial delay period 131 corresponding to a specified number of
data symbols to be processed by the channel before performance data is collected. Delay

counter 122 stores the programmed delay count 131, and measurement counter 124 stores
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2 measurement count 125 corresponding to the specified quantity of performance data to

be accumulated. After an initial delay period has expired, delay counter 122 transmits an

end-of—de]ay signal 140 to finite state machme 120 and, after the specified quantity of

. performance data has been accumulated measurement counter 124 transmits an end-of-
measurement signal 146 to finite state machine 120. '

Referring to FIGs 5 and 6, in operation, controller 1 12 may choreograph the
collectl_on of performance data as follows. Initially, contz'oller 112 is in an IDLE state 130.
Upon activation of a trigger_&_reset _sig_nal 132, state indicator_s of finite state machine
120, delay counter 122 and measurement counter 124 are reset and finite state machine

120 enters a WAIT sta't_e_ 134 (step 133). Finite state machine 120 exits WAIT state 134
after receipt of an active read |_gate signal 128 or after receipt of an active sync_mark
signal 130, depending upon the value of a start_on_sync signal 136 (step 135). Finite state
machine 120 then enters a PAUSE state 138 in which finite state machine 120 activiates a
delay_enable signal 139 that tnggers delay counter 122 to count though the specified delay
period. Upon receipt of a delay_done signal 140 from delay counter 122, finite state
machine 120 advances to a MEASUREMENT state 142 in which finite state machine 120
enables accumulator 10? to accumula_te specified performance data (step 141). Finite state
machine 120 also actlvates a measurement enable (m_ enable) signal 144 that triggers
measurement counter 124 to count through the spec:ﬁed number of performance data
samples If finite state machme 120 is in PAUSE state 138 when read_gate signal 128 is
de-asserted, an error ﬂag is setto 1 and ﬁmte state machme 120 returns to IDLE state 130 .
(step 145) While in MEASURE state 142, performance data samples 103 are
accumulated in accumulator 108. Upon receipt of an end-of-measurement signal 146,
finite state machme 120 drsables accumulator 108 and returns to IDLE state 130 (step
147). The measurement value contal_ned in accumulator 108 and the number of
measurements counted in measurement counter 124 may be accessed by a disk drive
technician through a sé’rlal interface and rnay be used to compute one or more statistical
measures indicative of the performance of the read channel (see e.g., the performance
measures defined in Table 1).

As shown in FIGs 7A, 7B and 7C if sector _span mgnal 126 is de-acuvated data
accumulates until end—__o_f _ measurement signal 146 is activated (FIGs. 7A and 7B), or until
the end of the magnetic medium sector being read, as s_ignalecl by the_(lefactivation of
read_gate signal 128. If sector_span signal 126 is activated, perfonnance datais
accumulated until the epeciﬁed quantity (Q1 + Q2) of perfonnance data samples have

10
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been accumulated (FIG. 7C).- If end-of-measurement signal 146 is not activated when
read_gate signal 128 is de-asserted finite state machine 120 ret(n'hs to WAIT state 134
(step 149), and steps 135-147 are repeated until the specified quanuty of performance data
has been collected.

The ability to collect data samples corresponding to multiple magnetic medium
sectors allows a disk drive technician to perform a wide variety of performance tests. For
example, the technician may perform a sector error test to evaluate the performance of the
read channel over multiple data sectors of the magnetic medium. In the statistical
performance functions described in Table 1, the measurement independent variable (which
increments measurement counter 124) corresponds to the number of data samples (bits) to
be measured. In contrast, for a sector error test measurement, the independent variable is
the number of sectors to be tested, and the dependent variable is the number of sectors in
error.

Referring to FIG. 8, in accordance with one sector error test, an all 00, byte pattern
is scrambled, decoded, and written to multiple sectors of 2 magnetic medium (step 160).
Upon readback, the process is inverted to reconstruct the 00y, test pattern for each sector
(step 162). Errors are detected by the occurrence of non-00, bytes (step 164). A sector
may be counted as a sector in error in a variety of ways (step 166). In one embodiment
(test 1), a sector is counted as a sector in error if it has one or more bytes in error. In
another embodiment (test 2), a sector is counted as a sector in error if it has five or more
bytes in error. Statistically, for channel error rates of less than 10°® errors/bit, most sectors
in error will contain only a single error event; however, a single error may corrupt several
bytes. When a single error event causes mis-synchronization, hundreds of bytes in error
may be generated. Test 1 would count either outcome as one error, whereas test 2 would
count as errors only sectors with long bursts of errors. If a sector is determined to be in
error (step 166), the error count is incremented (step 168) and the test pattern is read back
from the next sector (step 162); otherwise, the next sector simply is readback without
incrementing the error count. The process (steps 162-168) is repeated for each sector to be
tested.

When a selected error test is performed, finite state machine 120 is set to span
multiple sectors and measurement counter 124 is incremented upon de-assertion of

read_gate signal 128. After the specified number of sectors has been tested, finite state
machine 120 returns to IDLE state 130.
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Although the above speciﬁc embodiments are used to describe the invention, it is -
recognized that other embodiments are within the scope of the claims.
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'WHAT IS CLAIMED IS:
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1. A system for accumulating performance data froni a read channel
configured to extract data symbols from a magnetic medium having a plurality of
formatted data sectors, comprising a programmable channel quality monitor operable to
accumulate performance data corresponding to a recorded test data sequence spanning two
or more data sectors of the magnetic medium.

2. The system of claim 1, wherein the channel quality monitor is
programmable to delay the accumulation of performance data during a delay period
corresponding to a programmed number of data symbols following a received trigger
signal.

3. The system of claim 2, wherein the channel quality monitor is
programmable to begin the delay period after a sync mark signal is received.

4. . The system of claim 2, wherein the channel quality monitor is
programmable to begin the delay period after a read gate signal is received.

5.  The system of claim 2, further comprising a delay counter configured to
provide an end-of-delay signal after the programmed delay period has expired.

6. The system of claim 1, wherein the channel quality monitor is
programmable to accumulate a programmed quantity of performance data.

7. The system of claim 6, wherein the channel quality monitor is
programmable to accumulate performance data corresponding to data symbols from
multiple data sectors of the magnetic medium.,

8. The system of claim 6, further comprising a measurement counter

configured to provide an end-of-measurement signal after the programmed quantity of
performance data has been accumulated.

9. The system of claim 6, wherein the éhannel quality monitor is
programmable to accumulate performance data corresponding selected data symbols of
each magnetic medium sector from which data is accumulated.
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10.  The system of claim 9, wherein the accumulation of performance data is
“suspended during a delay period corresponding to a programmable number of data
symbols at the beginning of each sector from which data is accumulated.

11. A system, comprising:

at least one magnetic storage disk having a plurality of formatted data sectors;

at least one transducer configured to extract an encoded data sigxaal from the
magnetic storage disk;

a read channel configured to extract encoded data symbols from the encoded data
signal; and _

a programmable channel quality monitor operable to accumulate performance data
corresponding to a recorded test data sequence spanning two or more data sectors of the

magnetic medium.

12. A method of accumulating performance data from a read channel
configured to extract data symbols from a magnetic medium having a plurality of
formatted data sectors, comprising accumulating performance data corresponding to a -
recorded test data sequence spanning two or more data sectors of the magnetic medium. .-

13.  The method of claim 12, further comprising the step of delaying the
accumulation of performance data during delay period corresponding to a programmed
number of data symbols following a received trigger signal.

14.  The method of claim 13, wherein the trigger signal is a sync mark signal.
15.  The method of claim 13, wherein the trigger signal is a read gate signal.

16.  The method of claim 13, further comprising the step of providing an end-
of-delay signal after the programmed delay period has expired. - -

17.  The method of claim.12, further comprising the step of accumulating a
programmed quantity of performance data.

18.  The method of claim 17, further comprising accumulating performance
data corresponding to data symbols from multiple data sectors of the magnetic medium,

14
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19.  The method of claim 17, further comprising the step of providing an end-
of-measurement signal after a programmed quantity of perfoq_r;g;}ce data has been .
accumulated. o o

20.  The method of claim 17, further comprising the step of accumulating
performance data corresponding selected data symbols of each magnetic medium sector
from which data is accumulated.

21.  The method of claim 20, wherein the accumulation of performance data is
suspended during a delay period corresponding to a programmable number of data
symbols at the beginning of each sector from which data is accumulated.

22. A method of accumulating performance data from a read channel
configured to extract data symbols from a magnetic medium having a plurality of
formatted data sectors, comprising _

writing an original test data pattern to multiple data sectors of the magnetic
medium;

reading the original test pattern from the multiple data sectors of the magnetic
medium to produce a readback test pattern;

accumulating performance data relating to a comparison of the original test 'pau;em
and the readback test pattern.

23.  The method of claim 22, further comprising deiermining a total number of
sectors in error.

24.  The method of claim 23, wherein a sector is determined to be in error if a
single byte in the sector is in error.

25.  The method of claim 23, wherein a sector is determined to be in error if

more than one byte in the sector is in error.
”!Il c L M-s§ "%
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